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Abstract

The fundamental properties of recently introduced stretched coher-

ent states are investigated. It has been shown that stretched coherent

states retain the fundamental properties of standard coherent states

and generalize the resolution of unity, or completeness condition, and

the probability distribution that n photons are in a stretched coherent

state.

The stretched displacement and stretched squeezing operators are

introduced and the multiplication law for stretched displacement op-

erator is established. The results of the action of the stretched dis-

placement and stretched squeezing operators on the vacuum and the

Fock states are presented.

Stretched squeezed stretched coherent states and stretched squeezed

stretched displaced number states are introduced and their properties

are studied.

The inner product of two quantum mechanical vectors was defined

in terms of their stretched coherent state representations, and func-

tional Hilbert space was introduced.
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1 Introduction

Standard coherent states were discovered by Schrödinger [1] in his search
for quantum states in whose representation the diagonal matrix element of
the evolution operator of a quantum mechanical oscillator exhibits the same
temporal behavior as a classical mechanical oscillator. The term ”coherent
states” was coined by Glauber [2], who introduced these states as super-
positions of Fock states of the quantized electromagnetic field that are not
modified by the action of photon annihilation operators. In other words,
Glauber found that the quantum state of a coherent quantized field has to be
an eigenvector of the boson-annihilation operator with complex eigenvalue.

In this note we explore the fundamental properties of recently intro-
duced stretched coherent states which generalize Glauber’s coherent states
framework. We have applied the concept of stretched coherent states to
design stretched squeezed stretched coherent states, and stretched squeezed
stretched displaced number states.

The motivation for introducing and developing these states is twofold.
First, we expand the foundations of quantum optics: quantum coherent and
squeezed coherent states, as well as coherent displaced number states. Sec-
ond, presented generalizations of the well-known fundamental concepts open
up new horizons for researchers working in the field of quantum optics to
search for manifestations and applications of the new fundamentals in opti-
cal experiments. The first step in this direction has been made in the seminal
paper by Longhi [4], where the optical realization of fractional quantum me-
chanics [5] was proposed based on transverse light dynamics in aspherical op-
tical cavities. As a laser implementation of the fractional quantum harmonic
oscillator it has been found that dual Airy beams can be selectively gener-
ated under off-axis longitudinal pumping. Another interesting realization of
fractional quantum mechanics was implemented in [6], based on similarity
between the standard Schrödinger equation and paraxial wave-propagation
equation in optics. The authors of the paper [6] proposed a protocol that uses
the transverse dynamics of light in aspherical optical cavities designed in the
4f configuration. In the paraxial approximation and without taking into ac-
count losses on optical elements and diffraction, the output transverse modes
correspond to the eigenfunctions of the fractional Schrödinger equation [7].

It was shown in [4] and [6] that the use of fractional models in the field of
optics allows to manage diffraction of light and design novel signal-processing
schemes and beam solutions.
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Therefore, we hope that this note will initiate a search for whether stretched
quantum coherent states play the same role in fractional quantum mechanics
as standard coherent states in quantum mechanics, and will stimulate new
developments and experiments in the field of quantum optics.

We present the proof that stretched coherent states are indeed general-
ized coherent states and explore their properties. The stretch displacement
operator and newly introduced stretched squeezing operator have been stud-
ied. It has been shown that stretched coherent states retain the fundamental
properties of standard coherent states and generalize the resolution of unity
or completeness condition, the probability distribution that n photons are
in a stretched coherent state, the multiplication law for stretched displace-
ment operator, and the results of action of the stretched displacement and
stretched squeezing operators on the vacuum and the Fock states.

The inner product of two quantum mechanical vectors was defined in
terms of their stretched coherent state representations, and functional Hilbert
space was introduced.

The presented new concepts of quantum optics include the parameters σ,
0 < σ ≤ 1 and υ, 0 < υ ≤ 1. In the limiting case, when σ = 1 and υ = 1, all
our new results turn into known equations of the theory of standard coherent
states.

2 Stretched coherent states

The stretched coherent states |ς >σ, which are a generalization of standard
coherent states, were introduced as follows [8],

|ς >σ= exp(−|ς|2σ
2

)

∞∑

n=0

ςσn√
n!
|n >, 0 < σ ≤ 1, (1)

and the adjoint states σ < ς|

σ < ς| = exp(−|ς|2σ
2

)

∞∑

n=0

(ςσ∗)n√
n!

< n|, 0 < σ ≤ 1, (2)

where a complex number ς stands for labelling the stretched coherent

states, vector |n > is an eigenvector of the photon number operator
∧

n = a+a,

∧

n|n >= n|n >, (3)
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< n|m >= δn,m, the operators a+ and a are photon field creation and
annihilation operators that satisfy the Bose-Einstein commutation relation
[a, a+] = aa+ − a+a = 1, and [a+, a+] = 0, [a, a] = 0. The action of the
operators a+ and a on the number state |n > reads

a+|n >=
√
n + 1|n+ 1 > and a|n >=

√
n|n− 1 > . (4)

It is easy to see that stretched quantum coherent state |ς >σ is eigenstate
of photon field annihilation operator a. Indeed, we have

a|ς >σ= exp(−|ς|2σ
2

)
∞∑

n=0

ςσn√
n!

√
n|n− 1 >= (5)

exp(−|ς|2σ
2

)

∞∑

n=0

ςσ(n+1)

√
n!

|n >= ςσ|ς >σ,

that is

a|ς >σ= ςσ|ς >σ, (6)

which shows that the eigenvalue of the photon field annihilation operator
a is ςσ. Therefore, we have

σ < ς |a|ς >σ= ςσ, and σ < ς|a+|ς >σ= ςσ∗.

Using the following representation for |n >

|n >= (a+)n√
n!

|0 >, (7)

where |0 > is the vacuum state with ς = 0, we obtain the alternative
expression for the stretched quantum coherent states

|ς >σ= exp(−|ς |2σ
2

)
∞∑

n=0

(ςσa+)n√
n!

|0 >, 0 < σ ≤ 1. (8)
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3 Fundamental properties of the stretched co-

herent states

Let us answer the question whether the states |ς >σ are generalized coherent
states. Quantum mechanical states are generalized coherent states if they
[10]:

(i) are parameterized continuously and normalized;
(ii) admit a resolution of unity with a positive weight function;
(iii) provide temporal stability, that is, a coherent state that evolves over

time belongs to the family of coherent states.
To prove (i), we note that the stretched coherent states |ς >σ introduced

by Eq.(1) are evidently parametrized continuously by their label ς which is
a complex number ς = ξ + iη, with ξ = Reς and η = Imς. The square of
the modulus | < n|ς >σ |2 of projection of the stretched coherent state |ς >σ

onto the number state |n > gives us the probability Pσ(n, ς) that n photons
will be found in a coherent state |ς >σ,

Pσ(n, ς) = | < n|ς >σ |2 = |ς|2σn
n!

exp(−|ς |2σ), 0 < σ ≤ 1. (9)

Therefore, the stretched quantum coherent states |ς >σ are normalized
due to the normalization condition for the probability distribution Pσ(n, ς),

∞∑

n=0

| < n|ς >σ |2 =
∞∑

n=0

Pσ(n, ς) = 1. (10)

To prove (ii), that is, the coherent states |ς >σ admit a resolution of unity
with a positive weight function, we introduce a function Wσ(|ς|2) > 0 which
obeys the equation

∫

C

d2ς |ς >σ Wσ(|ς|2)σ < ς| = I, (11)

where d2ς = d(Reς)d(Imς) and the integration extends over the entire
complex plane C. This equation with yet unknown function Wσ(|ς|2) is the
resolution of unity for stretched coherent states |ς >σ. Introducing new
integration variables r and ϕ by ς = reiϕ, d2ς = rdrdϕ and making use of
Eqs.(1) and (2) yield
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∫

C

d2ς|ς >σ Wσ(|ς|2)σ < ς | =

lim
Φ→∞

1

2Φ

∞∑

n,m=0

Φ∫

−Φ

dϕeiσ(n−m)ϕ

∞∫

0

drr(n+m)σ+1Wσ(r
2)√

n!m!
exp(−r2σ)|n >< m| = I,

(12)
where we used Klauder’s ”covering space formulation” ansatz [10] to per-

form the integration over dϕ. Due to

lim
Φ→∞

1

2Φ

Φ∫

−Φ

dϕeiσ(n−m)ϕ = δm,n, (13)

we come to the following equation to find the function Wσ(r
2)

∞∑

n=0

1

n!

∞∫

0

drr2nσ+1Wσ(r
2) exp(−r2σ)|n >< n| = I. (14)

Hence we conclude that if a positive functionWσ(r
2) satisfies the equation

1

n!

∞∫

0

drr2nσ+1Wσ(r
2) exp(−r2σ) = 1, (15)

then due to completeness of orthonormal vectors |n >
∞∑

n=0

|n >< n| = I, (16)

the resolution of unity expressed by Eq.(11) will hold. It is easy to see,
that Wσ(r

2) must be Wσ(r
2) = 2σr2(σ−1) to satisfy Eq.(15), or

Wσ(|ς|2) = 2σ|ς|2(σ−1). (17)

Therefore, the resolution of unity is

2σ

∫

C

d2ς|ς >σ |ς|2(σ−1)
σ < ς| = I, (18)
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which can be seen as a completeness condition for the stretched coherent
states |ς >σ.

To prove (iii), we note that if |n > is an eigenvector of the Hamiltonian

operator
∧

H = ~ω
∧

n = ~ωa+a, where ~ is Planck’s constant, then the time
evolution operator exp(−iHt/~) results

exp(−i
∧

Ht/~)|n >= e−iωnt|n > .

In other words, the time evolution of |n > results in appearance of the
phase factor only. Let’s consider time evolution of the stretched coherent
state |ς >σ defined by Eq.(1). Since the stretched coherent state is not an

eigenstate of
∧

H , one would expect it to evolve to other states over time.
However, we see that

exp(−i
∧

Ht/~)|ς >σ= exp(−|ς|2σ
2

)

∞∑

n=0

ςσn√
n!
e−iωnt|n >= |e− iωt

σ ς >σ, (19)

which is just another coherent state belonging to a complex number
ςe−

iωt

σ . Hence, the time evolution of the stretched coherent state |ς >σ re-
mains within the family of the coherent states |ς >σ. The property embodied
in Eq.(19) is called the temporal stability of coherent states |ς >σ under the
action of the time evolution operator.

Thus, we conclude that stretched quantum coherent states |ς >σ satisfy
Klauder’s criteria (i) - (iii) for generalized coherent states [10].

3.1 Mandel parameter

The probability Pσ(n, ς) that the field represented by stretched coherent state
|ς >σ is occupied by n photons is given by Eq.(9). The mean number of
photons in the quantum state |ς >σ is

σ < ς |∧n|ς >σ=σ< ς|a+a|ς >σ=

∞∑

n=0

nPσ(n, ς) = |ς|2σ, (20)

and the second order moment of the number of photons in the quantum
state |ς >σ is

7



σ < ς|∧n
2
|ς >σ=σ< ς |(a+a)2|ς >σ=

∞∑

n=0

n2Pσ(n, ς) = |ς|2σ + |ς|4σ, (21)

where a+ and a are photon field creation and annihilation operators.
These equations allow us to calculate the Mandel parameter [11] using stretched
coherent states. For one-mode quantum fields represented by the stretched
coherent states the Mandel parameter Qσ is given by

Qσ =
σ < ς|(a+a)2|ς >σ −(σ< ς |a+a|ς >σ)

2

σ < ς|a+a|ς >σ

− 1. (22)

Taking into account Eqs.(20) and (21) we conclude that Qσ = 0. In other
words, stretched quantum coherent states obey Poisson statistics.

4 Stretched displacement operator

We introduce the stretched displacement operator Dσ(ς) as follows

Dσ(ς) = exp{ςσa+ − ςσ∗a}, 0 < σ ≤ 1, (23)

where ς is a complex number, a+ and a are photon field creation and
annihilation operators.

When σ = 1 the operatorDσ(ς)|σ=1 becomes the well-known displacement
operator D(ς) for the standard coherent states [1], [2], [9],

D(ς) = Dσ(ς)|σ=1 = exp{ςa+ − ς∗a}. (24)

The stretched displacement operator Dσ(ς) is an unitary operator, i.e.

D+
σ (ς)Dσ(ς) = 1, (25)

where the sign ”+” stands for Hermitian conjugation of the operator.
Using the Baker-Campbell-Hausdorff formula for operators Â and B̂,

eÂ+B̂ = eÂeB̂e−
1

2
[Â,B̂], (26)

such that
[Â, [Â, B̂]] = [B̂, [Â, B̂]] = 0, (27)

8



we come to alternative representations for the stretched displacement
operator Dσ(ς),

Dσ(ς) = exp(−|ς|2σ
2

) exp(ςσa+) exp(−ςσ∗a), (28)

or

Dσ(ς) = exp(
|ς|2σ
2

) exp(−ςσ∗a) exp(ςσa+). (29)

To show that

|ς >σ= Dσ(ς)|0 >, (30)

we perform the following chain of transformations

Dσ(ς)|0 >= exp(−|ς|2σ
2

) exp(ςσa+) exp(−ςσ∗a)|0 >=

exp(−|ς |2σ
2

) exp(ςσa+)|0 >= exp(−|ς|2σ
2

)

∞∑

n=0

ςσn(a+)n

n!
|0 >=

exp(−|ς|2σ
2

)

∞∑

n=0

ςσn√
n!
|n >= |ς >σ,

where Eq.(7) was used. Therefore, operator Dσ(ς) generates stretched
coherent state |ς >σ from the vacuum state |0 > .

It is easy to see that the following equations hold

[a,Dσ(ς)] = ςσDσ(ς), (31)

and

D+
σ (ς)aDσ(ς) = a+ ςσ, Dσ(ς)aD

+
σ (ς) = a− ςσ. (32)

Multiplication law for the stretched displacement operators can be estab-
lished using the Baker-Campbell-Hausdorff formula Eq.(26),

Dσ(ς)Dσ(η) = D(ςσ + ησ) exp{1
2
(ςσησ∗ − ςσ∗ησ)}, (33)

with D(ςσ + ησ) being the well-known displacement operator defined by
Eq.(24).
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With help of Eqs.(33) and (26) it can be shown that the matrix element
< m|Dσ(ς)|n > of the stretched displacement operator in the number state
representation |n > is expressed as

< m|Dσ(ς)|n >=
√
n!

m!
ςσ(m−n) exp(−|ς|2σ

2
)L(m−n)

n (|ς|2σ), (34)

here L
(m−n)
n (x) are the associated Laguerre polynomials, the generating

function of which has form (see, Eq.(19), page 189, in [12])

∞∑

n=0

L(m−n)
n (x)yn = e−xy(1 + y)m, |y| < 1. (35)

The diagonal matrix element < n|Dσ(ς)|n > is

< n|Dσ(ς)|n >= exp(−|ς |2σ
2

)Ln(|ς|2σ), (36)

where Ln(x) is the Laguerre polynomial of order n, related to the associ-

ated Laguerre polynomial L
(m−n)
n (x) as follows, Ln(x) = L

(0)
n (x).

Finally note, that due to Eqs.(25), (30) and the orthonormality of the
vectors |n >, the scalar product σ < η|ς >σ can be expressed as

σ < η|ς >σ= exp{−|η|2σ
2

− |ς|2σ
2

+ ησ∗ςσ}, (37)

which is the overcompleteness relation for the stretched quantum coherent
states |ς >σ.

5 Stretched squeezed stretched coherent states

Let us introduce stretched squeezed stretched coherent states |ς, ξ >σ,υ as
follows,

|ς, ξ >σ,υ= Dσ(ς)Sυ(ξ)|0 >, 0 < σ ≤ 1, 0 < υ ≤ 1, (38)

with the stretched displacement operator Dσ(ς) defined by Eq.(23) and
the stretched squeezing operator Sυ(ξ), which we introduce as follows,

Sυ(ξ) = exp{1
2
ξυ∗a2 − 1

2
ξυa+2}, 0 < υ ≤ 1, (39)
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where the squeeze parameter ξ = ρ exp(iθ) is an arbitrary complex num-
ber, and a+ and a are photon field creation and annihilation operators.

Quantum states |ς, ξ >σ,υ represent the new family of coherent states,
which includes the following members.

The well-known squeezed coherent states,

|ς, ξ >= Dσ(ς)|σ=1Sυ(ξ)|υ=1|0 >= D(ς)S(ξ)|0 >, σ = 1, υ = 1, (40)

where D(ς) is defined by Eq.(24) and S(ξ) is given by

S(ξ) = exp{1
2
ξ∗a2 − 1

2
ξa+2}. (41)

The new stretched squeezed coherent states,

|ς, ξ >υ= D(ς)|σ=1Sυ(ξ)|0 >= D(ς)Sυ(ξ)|0 >, σ = 1, 0 < υ ≤ 1.
(42)

The new squeezed stretched coherent states,

|ς, ξ >σ= Dσ(ς)Sυ(ξ)|υ=1|0 >= Dσ(ς)S(ξ)|0 >, 0 < σ ≤ 1, υ = 1.
(43)

The stretched squeezing operator Sυ(ξ) is unitary operator

S+
υ (ξ)Sυ(ξ) = 1. (44)

It is easy to see that the following transformations hold for the creation
a+ and annihilation a operators

S+
υ (ξ)a

+Sυ(ξ) = a+ cosh ρυ − ae−iυθ sinh ρυ, (45)

and

S+
υ (ξ)aSυ(ξ) = a cosh ρυ − a+eiυθ sinh ρυ, (46)

Let’s show, as an example, the technique to calculate the expectation

σ < ς, ξ|a|ς, ξ >σ of annihilation operator in the stretched squeezed stretched
coherent states |ς, ξ >σ,υ basis. Using the definition Eq.(38) we write

σ,υ < ς, ξ|a|ς, ξ >σ,υ=< 0|S+
υ (ξ)D

+
σ (ς)aDσ(ς)Sυ(ξ)|0 >= (47)
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< 0|S+
υ (ξ)(a+ ςσ)Sυ(ξ)|0 >,

where the last transition took into account the first of Eq.(32). Further,
using Eq.(46) we get

σ,υ < ς, ξ|a|ς, ξ >σ,υ= ςσ. (48)

Similarly, one can calculate the following expectations

σ,υ < ς, ξ|a2|ς, ξ >σ,υ= |ς|2σ − e2iυθ sinh ρυ cosh ρυ, (49)

and

σ,υ < ς, ξ|a+a|ς, ξ >σ,υ= |ς|2σ + sinh2 ρυ. (50)

5.1 Stretched squeezed stretched displaced number states

Using operators S(ξ) and Dσ(ς) defined by Eqs.(39) and (23) respectively,
we introduce the stretched squeezed stretched displaced number states,

|ς, ξ, n >σ,υ= Dσ(ς)Sυ(ξ)|n >, (51)

here |n > in the number state or Fock state and operators Dσ(ς) and
Sυ(ξ) are defined by Eq.(23) and Eq.(39) respectively.

For n = 0, the stretched squeezed stretched displaced number state
|ς, ξ, n >σ,υ |n=0 becomes the stretched squeezed stretched coherent state
|ς, ξ >σ,υ defined by Eq.(38).

For ς = 0, the stretched squeezed stretched displaced number state
|ς, ξ, n >σ |ς=0 becomes stretched squeezed displaced number state |ξ, n >υ

defined by

|ξ, n >υ= Sυ(ξ)|n > . (52)

For ξ = 0, the stretched squeezed stretched displaced number state
|ς, ξ, n >σ |ξ=0 becomes stretched displaced number state |ς, n >σ defined
by

|ς, n >σ= Dσ(ς)|n > . (53)
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With help of Eq.(34) the stretched displaced number state can be expressed
as

|ς, n >σ= Dσ(ς)|n >= exp(−|ς |2σ
2

)

∞∑

m=0

√
n!

m!
ςσ(m−n)L(m−n)

n (|ς|2σ)|m > .

(54)
The stretched displaced number state |ς, n >σ can be expressed in terms

of the stretched coherent state |ς >σ introduced by Eq.(1). Indeed, using
Eq.(7) we have

|ς, n >σ= Dσ(ς)|n >= Dσ(ς)
(a+)n√
n!

|0 >= (55)

Dσ(ς)
(a+)n√
n!

D+
σ (ς)Dσ(ς)|0 >= Dσ(ς)

(a+)n√
n!

D+
σ (ς)|ς >σ .

Further, using the second of Eq.(32) we get

Dσ(ς)
(a+)n√
n!

D+
σ (ς) =

1√
n!

(
Dσ(ς)a

+D+
σ (ς)

)n
=

1√
n!
(a+ − ςσ∗)n. (56)

Hence, combining Eqs.(55) and (56) yields

|ς, n >σ=
1√
n!
(a+ − ςσ∗)n|ς >σ . (57)

This equation initiates the introduction of the modified stretched displace-

ment operator Dσ(α, ς),

Dσ(α, ς) = exp{ασ(a+ − ςσ∗)− ασ∗(a− ςσ)}, (58)

and modified stretched coherent state |α, ς >σ,

|α, ς >σ= Dσ(α, ς)|ς >σ= exp{ασ(a+ − ςσ∗)− ασ∗(a− ςσ}|ς >σ, (59)

or

|α, ς >σ= exp{ασ∗ςσ − ασςσ∗}Dσ(α)|ς >σ, (60)
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where Dσ(α) is the stretched displacement operator defined by Eq.(23).
Let us show that the modified stretched coherent state can be expressed

in terms of the number states. From Eq.(60) we have

|α, ς >σ= exp{ασ∗ςσ − ασςσ∗} exp(−|ς|2σ
2

)
∞∑

n=0

ςσn√
n!
Dσ(α)|n >= (61)

exp{ασ∗ςσ − ασςσ∗} exp(−|ς|2σ
2

)
∞∑

n=0

ςσn√
n!
|α, n >σ,

where we used the definition given by Eq.(52). Then Eq.(54) gives us an
expression for the modified stretched coherent state |α, ς >σ in terms of the
number states |m >,

|α, ς >σ= eα
σ∗ςσ−ασςσ∗e−

|ς|2σ+|α|2σ

2

∞∑

n,m=0

ςσn√
m
ασ(m−n)L(m−n)

n (|α|2σ)|m >,

where L
(m−n)
n (x) are the associated Laguerre polynomials [12].

6 Quantum mechanical vector and operator

representations based on stretched coher-

ent states |ς >σ

The resolution of unity condition Eq.(11), with Wσ(|ς|2) given by Eq.(17),
allows us to introduce the inner product of two quantum mechanical vectors.

1. Inner Product of quantum mechanical vectors |ϕ > and |ψ > defined
as

< ϕ|ψ >σ=
1

π

∫

C

d2ς < ϕ|ς >σ Wσ(|ς|2)σ < ς |ψ >, (62)

where d2ς = d(Reς)d(Imς) and the integration extends over the entire
complex plane C, the vector representatives are wave functions < ϕ|ς >σ

and σ < ς|ψ > given by

< ϕ|ς >σ= exp(−|ς|2σ
2

)
∞∑

n=0

ςσn√
n!
< ϕ|n >, (63)
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σ < ς|ψ >= exp(−|ς |2σ
2

)
∞∑

n=0

< n|ψ > (ςσ∗)n√
n!

. (64)

Having the inner product, we introduce the following transformation laws.
2. Vectors Transformation Law

σ < ς |A|ψ >=
∫

C

d2ς
′

σ < ς |A|ς ′ >σ Wσ(|ς
′ |2)σ < ς

′ |ψ >, (65)

where σ < ς|A|ς ′ >σ is the matrix element of quantum mechanical oper-
ator A.

3. Operator Transformation Law

σ < ς |A1A2|ς
′

>σ=

∫

C

d2ς
′′

σ < ς |A1|ς
′′

>σ Wσ(|ς
′′ |2)σ < ς

′′ |A2|ς
′

>σ, (66)

where A1 and A2 are two quantum mechanical operators.
Further, the inverse map from the functional Hilbert space representation

of coherent states |ς >σ to the abstract one is provided by the following
decomposition laws:

4. Vector Decomposition Law

|ψ >=
∫

C

d2ς |ς >σ Wσ(|ς|2)σ < ς|ψ > . (67)

5. Operator Decomposition Law

A =

∫

C

d2ς1d
2ς2 |ς1 >σ Wσ(|ς1|2)σ < ς1|A|ς2 >σ Wσ(|ς2|2)σ < ς2|. (68)

Thus, we conclude that the resolution of unity Eq.(11) withWσ(|ς|2) given
by Eq.(17), provides an appropriate inner product Eq.(62) and allows us to
introduce the Hilbert space, Eqs.(65) - (68).
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7 Conclusion

The properties of stretched coherent states were investigated. Proof that
stretched coherent states are generalized coherent states was presented. It
has been shown that stretched coherent states retain the fundamental prop-
erties of standard coherent states and generalize the resolution of unity or
completeness condition, as well as the probability distribution that n photons
are in a stretched coherent state. The stretched displacement and stretched
squeezing operators are introduced and the multiplication law for stretched
displacement operator is established.

Properties of coherent states resulting from an action of stretched dis-
placement and stretched squeezing operators on the vacuum state and the
Fock state are studied. Stretched squeezed stretched coherent states and
stretched squeezed stretched displaced number states were introduced and
their properties were studied.

The inner product of two quantum mechanical vectors was defined in
terms of their stretched coherent state representations, and a functional
Hilbert space was introduced.

The presented new concepts of quantum optics include two parameters,
σ, 0 < σ ≤ 1 and υ, 0 < υ ≤ 1. In the limiting case, when σ = 1 and υ = 1,
all our new results turn into the known equations of the theory of standard
coherent states.
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