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Entropy, Fisher Information and Variance with Frost-Musulin Potenial
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Abstract This study presents the Shannon and Renyi information entropy for both position and momentum space
and the Fisher information for the position-dependent mass Schrödinger equation with the Frost-Musulin potential. The
analysis of the quantum mechanical probability has been obtained via the Fisher information. The variance information
of this potential is equally computed. This controls both the chemical properties and physical properties of some of the
molecular systems. We have observed the behaviour of the Shannon entropy. Renyi entropy, Fisher information and
variance with the quantum number n respectively.
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1 Introduction

There has been a great interest in studying informa-

tion theoretic measures for different quantum systems be-

cause the information theory of quantum-mechanical sys-

tems are related to the modern quantum communication

and density functional methods.[1−2] The quantum infor-

mation plays a crucial role in the measurement of uncer-

tainty and other quantum parameters of the system.[2]

The information entropy is a superior measure of spread-

ing and then of quantum uncertainity, a property of fun-

damental relevance for the adequate characterization of

the position and momentum densities.[3−5] The entropies

have been used for numerous practical purposes e.g. mea-

sure the squeezing of quantum fluctuation[6] and to re-

construct the charge and momentum densities of atomic

and molecular systems[7−8] by means of maximum en-

tropy procedures. The Fisher information is the basic

variable of the principle of extreme physical information

which has been used to obtain various fundamental equa-

tions of motion in physics.[9] It is equally being used to

rederive classical thermodynamics without the usual con-

cept of Boltzmann’s entropy. It is understood that the

position-space Shannon entropy S(ρ) measures the uncer-

tainity in the localization of a particle in space while the

momentum-space n the Shannon entropy measures the un-

certainity in predicting the momentum of the particle.[10]

These entropies are closely related to fundamental and

experimentally measurable quantities such as the kinetic

energy and magnetic susceptibility, which make them use-

ful in the study of the structure and dynamics of atomic

and molecular systems.[8] Thus in this paper, we calculate

both the position and momentum of the Shannon entropy

and Renyi entropy, the Fisher information and Variance

of a system and the observed behavior of these quanti-

ties with the quantum number n. We compute the wave

function in Sec. 2. In Sec. 3, we show the basic equa-

tion in this work. Section 4 presents the Shannon, Renyi

entropies, Fisher information and variance. In the final

section, we give the conclusion.

2 Wave Function of Radial Schrödinger Equa-
tion with Frost-Musulin Potential

Given the Radial Schrödinger Equation as[11]

U(r) =
2µ

~2
[
E − V (r)− ℓ(ℓ+ 1)~2

2µr2

]
U(r) = 0 , (1)

and the Frost–Musulin potential as

V (r) =
[
1− (r + δre[r − re]) e

−δ(r−re)

r

]
, (2)

where
1

r2
=

δ2

(1− e−δr)2
. (3)

Substitute Eqs. (2) and (3) into Eq. (1) and by defining

a variable of the form y = e−δr, we have a differential

equation of the form

d2Un,ℓ(y)

dy2
+

1− y

y(1− y)

dUn,ℓ

dy

+
Ay2 +By + C

y2(1− y)2
Un,ℓ(y) = 0 , (4)

where

A =
2µEn,ℓ

δ2~
+

2µDe

δ2~2
[bδre(1 + re) + b− 1] ,

B = − 2µ

δ2~2
[2En,ℓ − 2De(1− b) +Dereδb(2 + re)] ,

C =
2µEn, l

δ2~2
+

2µDe

δ2~2
[b+ bδre − 1]− ℓ(ℓ+ 1) .
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The wavefunction is obtained as

Un,ℓ(y) = Nn,ℓy
η(1− y)λ[P(2η,2λ−1)

n (1− 2y)] , (5)

where

η =

√
ℓ(ℓ+ 1)− 2µDe(b+ bδre − 1)− 2µEn,ℓ

δ2~2
, (6)

λ =
1

2

[
1 +

√
4ℓ(ℓ+ 1)− 8µbDe(δre + 1) +

8µbDere
δ2~2

]
.(7)

3 Basic Equations

In this section, we write some equations that are useful

in this work. The Shannon information entropy S(ρ) and

S(γ) of the electron density ρ(r) in the coordinate space

for position and momentum space respectively are defined

as[12−14]

S(ρ) = −
∫ ∞

0

ρ(r) ln ρ(r)dx , (8)

S(γ) = −
∫ ∞

0

γ(p) ln γ(p)dp , (9)

where γ(p) denotes the momentum density. The Renyi

position entropy is defined as[15−18]

Rq(ρ) =
1

1− q
ln

[ ∫
ρ(r)qdr

]
, 0 < q < ∞ , q ̸= 1 . (10)

It is a generalization of the Shannon entropy. The corre-

sponding momentum space entropy is given as[14]

Rq(γ) =
1

1− q
ln

[ ∫
γ(p)qdp

]
, 0 < q < ∞, q ̸= 1 . (11)

The Fisher information entropy of the radial probability

distribution ρ(r) function is calculated by using[19]

Iρ =

∫ ∞

0

1

ρ(r)

[ dρ(r)
dr

]2
dr . (12)

The position Variance is given as[19]

Vρ =

∫
(r − ⟨r⟩ρ)2ρ(r)dr . (13)

4 Frost-Musulim Potential with Shannon
Entropy, Renyi Entropy, Fisher
Information and Variance

To obtain the Shannon and Renyi entropies in the po-

sition space, we define the radial probability distribution

function ρ(r) for this problem as the square of the radial

wave function and obtain the following

ρ(r) = C e−2ηαr(1− e−αr)2λ[P (2η,2λ−1)
n (1− 2 e−αr)], (14)

γ(p) = C e−2ηαp(1− e−αp)2λ[P (2η,2λ−1)
n (1−2 e−αp)]2, (15)

where,

[P (2η,2λ−1)
n (1− 2e−αp)]

≡ 2F 1(−n, n+ 2(η + λ), 2η + 1; e−αr)

and C = N2
nℓ.

4.1 Shannon Entropy for the Frost-Musulin
Potential

Entropy is a thermodynamic quantity representing the

unavailability of a system’s thermal energy for conversion

into mechanical work. It is often interpreted as the degree

of disorder or randomness in the system. Shannon entropy

is the expected value or average of the information con-

tained in each message. It measures the information in

a message as opposed to the portion of the message that

is determined. Shannon entropy can determine the min-

imum channel capacity required to reliably transmit the

source as encoded binary digit.

To obtain the position space for the Shannon entropy,

we substitute Eq. (14) into Eq. (8) and have

S(ρ) = −C
α

∫ 0

1

yη(1− y)λ[P (2η,2λ−1)
n (1− 2y)]2 ln ρ(y)dy , y = e−αr , (16)

S(ρ) = −C
α
β1D1

∫ 1

0

z2λ(1− z)2η2F1[−n, n+ 2(η + λ), 2η + 1; z] , y = 1− z , (17)

where we have used the following for mathematical simplicity;

β1 = [P (2η,2λ−1)
n (1− 2y)] , D1 = ln[P (2η,2λ−1)

n (1− 2y)] .

By using the identity in Appendix B and standard integral in Appendix A, we obtain the Shannon entropy in the

position space as

S(ρ) = − C
α

Γ(2η + n+ 1)

Γ(2η + 2λ+ n)

n∑
m=0

(
n

m

)
Γ(2η + 2λ+ n+m)

Γ(2η +m+ 1)
(z − 1)m

× ln

[
Γ(2η + n+ 1)

Γ(2η + 2λ+ n)

n∑
m=0

(
n

m

)
Γ(2η + 2λ+ n+m)

Γ(2η +m+ 1)
(z − 1)m

]
Γ(2η + n+ 1)

Γ(2η + 2λ+ n)

×
n∑

m=0

(
n

m

)
Γ(2η + 2λ+ n+m)

Γ(2η +m+ 1)
(z − 1)m

Γ(2λ+ 1)Γ(γ)Γ(n+ 2λ− 1)Γ(γ + n− 2η − 1)

Γ(n+ 2η + 2λ)Γ(γ + n)Γ(γ − 2η − 1)
, (18a)

when n = 1,

S(ρ) = − C
α

Γ(2η + 2)

Γ(2η + 2λ+ 1)

Γ(2η + 2λ+ 1)

Γ(2η + 1)
ln
[ Γ(2η + 2)

Γ(2η + 2λ+ 1)

Γ(2η + 2λ+ 1)

Γ(2η + 1)

]



No. 3 Communications in Theoretical Physics 271

× Γ(2η + 2)

Γ(2η + 2λ+ 1)

Γ(2η + 2λ+ 1)

Γ(2η + 1)

Γ(2λ+ 1)Γ(2λ)Γ(2η)

Γ(2η + 2λ+ 1)Γ(−2η − 1)
, (18b)

when n = 2,

S(ρ) = − C
α

Γ(2η + 3)

Γ(2η + 2λ+ 2)

(Γ(2η + 2λ+ 1) + Γ(2η + 2λ+ 2)

Γ(2η + 1)

)
× ln

[ Γ(2η + 3)

Γ(2η + 2λ+ 2)

(Γ(2η + 2λ+ 1) + Γ(2η + 2λ+ 2)

Γ(2η + 1)

)]
× Γ(2η + 3)

Γ(2η + 2λ+ 2)

(Γ(2η + 2λ+ 1) + Γ(2η + 2λ+ 2)

Γ(2η + 1)

)Γ(2λ+ 1)Γ(2λ+ 1)Γ(2η + 1)

Γ(2η + 2λ+ 2)Γ(−2η − 1)
, (18c)

when n = 3

S(ρ) = − C
α

Γ(2η + 4)

Γ(2η + 2λ+ 3)

(Γ(2η + 2λ+ 1) + Γ(2η + 2λ+ 2) + Γ(2η + 2λ+ 3)

Γ(2η + 1)

)
× ln

[ Γ(2η + 4)

Γ(2η + 2λ+ 3)

(Γ(2η + 2λ+ 1) + Γ(2η + 2λ+ 2) + Γ(2η + 2λ+ 3)

Γ(2η + 1)

)] Γ(2η + 4)

Γ(2η + 2λ+ 3)

×
(Γ(2η + 2λ+ 1) + Γ(2η + 2λ+ 2) + Γ(2η + 2λ+ 3)

Γ(2η + 1)

)Γ(2λ+ 1)Γ(2λ+ 2)Γ(2η + 2)

Γ(2η + 2λ+ 3)Γ(−2η − 1)
. (18d)

The momentum space of the Shannon entropy is obtained by substituting Eq. (15) into Eq. (9) to have

S(γ) = −4π

∫ ∞

0

p2γ(p) ln γ(p)dp , (19)

S(γ) = −4CπC2λw̄[P (2η,2λ−1)
n (C − 1)]2

∫ ∞

0

p2 e−2ηαpdp , C = 1− e−αp , (20)

where w̄ = ln γ(p). Using the relation in Appendix B and integral in Appendix A, we obtain the Shannon entropy in

the momentum space as

S(γ) =
3.142CC2λ ln

[ Γ(2η+n+1)
Γ(2η+2λ+n)

∑n
m=0

( n

m

)Γ(2η+2λ+n+m)
Γ(2η+m+1) (z − 1)m

]
α3[

√
ℓ(ℓ+ 1)− 2µDe(b+ bδre − 1)− 2µEn,ℓ/δ2~2]3

Γ(2η + n+ 1)

Γ(2η + 2λ+ n

×
n∑

m=0

(
n

m

)
Γ(2η + 2λ+ n+m)

Γ(2η +m+ 1)

(
n+ 2k

[√
ℓ(ℓ+ 1)− 2µDe(b+ bδre − 1)− 2µEnℓ

δ2~2
])

×
(
n+ k

√
4ℓ(ℓ+ 1)− 8µDe(b+ bδre − 1)− 8µEnℓ

δ2~2
)

×
(C − 2

2

)m(
n+ n− k

√
4ℓ(ℓ+ 1)− 8µDe(b+ bδre − 1)− 8µEnℓ

δ2~2
)
(C − 2)n−k(C)k . (21)

4.2 Renyi Entropy for the Frost-Musulin Potential

To obtain the position-space for the Renyi-entropy, we substitute Eq. (14) into Eq. (10) to have

Rq(ρ) =
1

1− q
ln

[(C
α

)q
∫ 0

1

(y2η−1(1− y)2λ[P (2η,2λ−1)
n (1− 2y)]2)qdy

]
, y = e−αr , (22)

Rq(ρ) =
1

1− q
ln

[(C
α

)q
∫ 0

1

(t2λ(1− t)2η−1[P (2η,2λ−1)
n (t)][P (2η,2λ−1)

n (t)])qdt
]
, t = 1− y , (23)

Rq(ρ) =
1

1− q
ln

[
C
α

Γ(2η + n+ 1)

n!Γ(2η + 2λ+ n)

n∑
m=0

(
n

m

)
Γ(2η + 2λ+ n+m)

Γ(2η +m+ 1)

( t− 1

2

)m

× Γ(2η)Γ(r)Γ(2λ+ n)Γ(2λ+ n− 2η

Γ(2η + 2λ+ n)Γ(2λ+ n)Γ(2λ− 2η)

]q
(24a)

when n = 1,

Rq(ρ) =
1

1− q
ln
[C
α

Γ(2η + 2)

Γ(2η + 2λ+ 1)

Γ(2η + 2λ+ 1)

Γ(2η + 1)

Γ(2η)Γ(2λ+ 1)Γ(2λ)

Γ(2η + 2λ+ 1)Γ(−2λ− 1)

]q
, (24b)

when n = 2

Rq(ρ) =
1

1− q
ln

[C
α

Γ(2η + 3)

2Γ(2η + 2λ+ 2)

(Γ(2η + 2λ+ 1) + Γ(2η + 2λ+ 2)

Γ(2η + 1)

)Γ(2η + 1)Γ(2λ+ 1)Γ(2λ+ 1)

Γ(2η + 2λ+ 2)Γ(−2λ− 1)

]q
, (24c)
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when n = 3,

Rq(ρ) =
1

1− q
ln
[C
α

Γ(2η + 4)

2Γ(2η + 2λ+ 3)

(Γ(2η + 2λ+ 1) + Γ(2η + 2λ+ 2) + Γ(2η + 2λ+ 3)

Γ(2η + 1)

)
× Γ(2η + 2)Γ(2λ+ 1)Γ(2λ+ 2)

Γ(2η + 2λ+ 3)Γ(−2λ− 1)

]q
. (24d)

The Renyi entropy in the momentum space is obtained by substituting Eq. (15) into Eq. (11) to have

Rq(γ) =
1

1− q
ln
[
4πC2λq

∫ ∞

0

(p2 e−2ηαp[P (2η,2λ−1)
n (C − 1)]2)qdp

]
, (25)

which gives

Rq(γ) =
1

1− q
ln

[
12.568

(CC2λ[
√

ℓ(ℓ+ 1)− 2µDe(b+ bδre − 1)− 2µEnℓ/δ2~2]−3

4α3

)q]
. (26)

4.3 Fisher Information Entropy for the Frost-Musulin Potential

To obtain the Fisher information entropy, we substitute Eq. (14) into Eq. (13) and then solve it bit by bit as follows

dρ(y)

dy
= 2αC[−ηy2η(1− y)2λ[P (2η,2λ−1)

n (1− 2y)]2 − λy2η(1− y)2λ[P (2η,2λ−1)
n (1− 2y)]2]

+ ηy2η(1− y)2λ[P (2η,2λ−1)
n ]2 , y = e−αr , (27)

I(ρ) = 4αCβ2[ηI1 + λ2I2 + 4I3 + 2ηλI4 − 4(ηI5 + λI6)] , y =
1− z

2
, (28)

where

β2 =
2

1− z
, I1 =

∫ 1

−1

(1− z

2

)2η(1 + z

2

)2λ

[P (2η,2λ−1)
n (z)]2dz ,

I2 =

∫ 1

−1

(1− z

2

)2η(1 + z

2

)2(λ−1)

[P (2η,2λ−1)
n (z)]2dz ,

I3 =

∫ 1

−1

(1− z

2

)2η(1 + z

2

)2λ

[P (2η,2λ−1)
n (z)]2dz , I4 =

∫ 1

−1

(1− z

2

)2η(1 + z

2

)2λ−1

[P (2η,2λ−1)
n (z)]2dz ,

I5 =

∫ 1

−1

1

z

(1− z

2

)2η(1 + z

2

)2λ

[P (2η,2λ−1)
n (z)]2dz , I6 =

∫ 1

−1

1

z

(1− z

2

)2η(1 + z

2

)2λ−1

[P (2η,2λ−1)
n (z)]2dz .

Thus, we obtain the Fisher information entropy as

I(ρ) = 4αCβ2

[ Γ(2η + n+ 1)Γ(2λ+ n+ 1)

n!Γ(2η + 2λ+ 2n+ 1)Γ(2η + 2λ+ n+ 1)
+

λ2Γ(2η + n+ 1)Γ(2λ+ n− 1)

n!ηΓ(2η + 2λ+ 2n+ 1)Γ(2η + 2λ+ n− 1)

+
4Γ(2η + n+ 1)Γ(2λ+ n+ 1)

n!ηΓ(2η + 2λ+ 2n+ 1)Γ(2η + 2λ+ n+ 1)
+

2λΓ(2η + n+ 1)Γ(2λ+ n)

n!Γ(2η + 2λ+ 2n)Γ(2η + 2λ+ n)

− 1

z

4λΓ(2η + n+ 1)Γ(2λ+ n)

n!ηΓ(2η + 2λ+ 2n)Γ(2η + 2λ+ n)
− 4Γ(2η + n+ 1)Γ(2λ+ n+ 1)

n!Γ(2η + 2λ+ 2n+ 1)Γ(2η + 2λ+ n+ 1)

]
, (29a)

when n = 0,

I(ρ) = 4αCβ2

[ Γ(2η + 1)Γ(2λ+ 1)

Γ(2η + 2λ+ 1)Γ(2η + 2λ+ 1)
+

λ2Γ(2η + 1)Γ(2λ− 1)

ηΓ(2η + 2λ+ 1)Γ(2η + 2λ− 1)
+

4Γ(2η + 1)Γ(2λ+ 1)

ηΓ(2η + 2λ+ 1)Γ(2η + 2λ+ 1)

+
2λΓ(2η + n+ 1)Γ(2λ)

Γ(2η + 2λ)Γ(2η + 2λ)
− 1

z

4λΓ(2η + 1)Γ(2λ)

ηΓ(2η + 2λ)Γ(2η + 2λ)
− 4Γ(2η + 1)Γ(2λ+ 1)

Γ(2η + 2λ+ 1)Γ(2η + 2λ+ 1)

]
, (29b)

when n = 1,

I(ρ) = 4αCβ2

[ Γ(2η + 2)Γ(2λ+ 2)

Γ(2η + 2λ+ 3)Γ(2η + 2λ+ 2)
+

λ2Γ(2η + 2)Γ(2λ)

ηΓ(2η + 2λ+ 3)Γ(2η + 2λ)
+

4Γ(2η + 2)Γ(2λ+ 2)

ηΓ(2η + 2λ+ 3)Γ(2η + 2λ+ 2)

+
2λΓ(2η + 2)Γ(2λ+ 1)

Γ(2η + 2λ+ 2)Γ(2η + 2λ+ 1)
− 1

z

4λΓ(2η + 2)Γ(2λ+ 1)

ηΓ(2η + 2λ+ 2)Γ(2η + 2λ+ 1)
− 4Γ(2η + 2)Γ(2λ+ 2)

Γ(2η + 2λ+ 3)Γ(2η + 2λ+ 2)

]
, (29c)

when n = 2,

I(ρ) = 4αCβ2

[ Γ(2η + 3)Γ(2λ+ 3)

2Γ(2η + 2λ+ 5)Γ(2η + 2λ+ 3)
+

λ2Γ(2η + 3)Γ(2λ+ 1)

ηΓ(2η + 2λ+ 5)Γ(2η + 2λ+ 1)
+

2Γ(2η + 3)Γ(2λ+ 3)

ηΓ(2η + 2λ+ 5)Γ(2η + 2λ+ 3)
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+
2λΓ(2η + 3)Γ(2λ+ 2)

Γ(2η + 2λ+ 4)Γ(2η + 2λ+ 2)
− 1

z

2λΓ(2η + 3)Γ(2λ+ 2)

ηΓ(2η + 2λ+ 4)Γ(2η + 2λ+ 2)
− 2Γ(2η + 3)Γ(2λ+ 3)

Γ(2η + 2λ+ 5)Γ(2η + 2λ+ 3)

]
, (29d)

when n = 3,

I(ρ) = 4αCβ2

[ Γ(2η + 4)Γ(2λ+ 4)

6Γ(2η + 2λ+ 7)Γ(2η + 2λ+ 4)
+

λ2Γ(2η + 4)Γ(2λ+ 2)

6ηΓ(2η + 2λ+ 7)Γ(2η + 2λ+ 2)
+

2Γ(2η + 4)Γ(2λ+ 4)

3ηΓ(2η + 2λ+ 7)Γ(2η + 2λ+ 4)

+
λΓ(2η + 4)Γ(2λ+ 3)

3Γ(2η + 2λ+ 6)Γ(2η + 2λ+ 3)
− 1

z

2λΓ(2η + 4)Γ(2λ+ 3)

3ηΓ(2η + 2λ+ 6)Γ(2η + 2λ+ 3)
− 2Γ(2η + 4)Γ(2λ+ 4)

3Γ(2η + 2λ+ 7)Γ(2η + 2λ+ 4)

]
.(29e)

4.4 Variance with Frost-Musulin Potential

Using Eq. (13), we obtain the following

Vρ =

∫
(r − ⟨r⟩ρ)2ρ(r)dr = ⟨r2⟩ρ − ⟨r⟩2ρ =

∫ ∞

0

r2ρ(r)dr −
∫ ∞

0

rρ(r)dr , (30)

Vρ =
X × (Y −X)2

Z
, (31a)

where,

X = CC2λ
( Γ(2η + n+ 1)

Γ(2η + 2λ+ n)

n∑
m=0

(
n

m

)
Γ(2η + 2λ+ n+m)

Γ(2η +m+ 1)
(C − 2)m

)2

Y = 4α

√
ℓ(ℓ+ 1)− 2µDe(b+ bδre − 1)− −2µEn,ℓ

δ2~2
, Z =

(
2α

√
ℓ(ℓ+ 1)− 2µDe(b+ bδre − 1)− −2µEn,ℓ

δ2~2
)4

,

when n = 1,

Vρ =

[
CC2λ

(Γ(2η+2)
Γ(2η+1)

)2]((
λ− 1

2

)
− CC2λ

(Γ(2η+2)
Γ(2η+1)

)2)2
(2α

√
ℓ(ℓ+ 1)− 2µDe(b+ bδre − 1)−−2µEn,ℓ/δ2~2)4

, (31b)

when n = 2,

Vρ =
CC2λ

( Γ(2η+3)
Γ(2η+2λ+2)

(Γ(2η+2λ+1)+Γ(2η+2λ+2)
Γ(2η+1)

))2(
(λ− 1

2 )− CC2λ
( Γ(2η+3)
Γ(2η+2λ+2)

(Γ(2η+2λ+1)+Γ(2η+2λ+2)
Γ(2η+1)

))2)2
(2α

√
ℓ(ℓ+ 1)− 2µDe(b+ bδre − 1)−−2µEn,ℓ/δ2~2)4

, (31c)

when n = 3,

Vρ =
U × (V − U)2

W
, (31d)

where,

U = CC2λ
( Γ(2η + 4)

Γ(2η + 2λ+ 3)

(Γ(2η + 2λ+ 1) + Γ(2η + 2λ+ 2) + Γ(2η + 2λ+ 3)

Γ(2η + 1)

))2

,

V =
(
λ− 1

2

)
, W =

(
2α

√
ℓ(ℓ+ 1)− 2µDe(b+ bδre − 1)− −2µEn,ℓ

δ2~2
)4

.

Here, we obtain the information content in terms of the Shannon entropy and Renyi entropy. The information content

in terms of Shannon entropy is given as

ST = S(ρ) + S(γ) ≥ 3 + 3 ln 3.142 , (32)

ST =
[
ln

[ Γ(2η + n+ 1)

Γ(2η + 2λ+ n)

n∑
m=0

(
n

m

)
Γ(2η + 2λ+ n+m)

Γ(2η +m+ 1)
(z − 1)m

] Γ(2η + n+ 1)

Γ(2η + 2λ+ n)

n∑
m=0

(
n

m

)
Γ(2η + n+ 1)

Γ(2η + 2λ+ n)

]
×

[
3.142CC2λ

(
n+ 2η

k

)2 (C − 2

2

)m
(
n+ 2η

n− k

)
(C − 2)n−k(C)k − C

α

Γ(2η + n+ 1)

Γ(2η + 2λ+ n)

×
n∑

m=0

(
n

m

)
Γ(2η + 2λ+ n+m

Γ(2η +m+ 1)

[Γ(2λ+ 1)Γ(2η)Γ(2λ+ n− 1)Γ(2λ+ n− 2η − 1)

Γ(2η + 2λ+ n)Γ(2η + n)Γ(2λ− 2η − 1)
(z − 1)2m

]]
, (33)

Equation (32) thus gives the uncertainty relation. The

information content in terms of Renyi entropy is defined

as

R(q)T = Rq(ρ) +Rq(γ) , (34)

R(q)T =
1

1− q
ln
[
12.568

(CC2λ

4λ3α3

)q

+
[C
α

Γ(2η + n+ 1)

n!Γ(2η + 2λ+ n

×
n∑

m=0

(
n

m

)
Γ(2η + 2λ+ n+m)

Γ(2η +m+ 1)

( t− 1

2

)m
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× Γ(2η)Γ(r)Γ(2λ+ n)Γ(r + n− 2η)

Γ(2η + 2λ+ n)Γ(r + n)Γ(r − 2η)

]q]
. (35)

5 Conclusion

In this paper, we have calculated the position-space

and momentum-space of the Shannon entropy and Renyi

entropy, the Fisher information and the variance of the

Frost-Musulin potential. The information-theoretic mea-

sures of the localization of the quantum-mechanical distri-

bution density of the system are obtained in a closed and

compact form. The Shannon entropy gives the average

of information contained in each message in any quantum

mechanical system. The Fisher information describes the

concentration of the density around its nodes, providing a

measure of the oscillatory character of the corresponding

wave function. This describes the chemical and physical

properties of the systems. The computed variance gives

the spreading around the centroid. However, we have com-

puted the Shannon entropy, the Renyi entropy, the Fisher

information and variance for various values of n. It is ob-

served that the Shannon entropy, the Renyi entropy, the

Fisher information and variance all decrease with increas-

ing quantum number n respectively.

Appendix A∫ w

0

zy(1− pz)tdz =
w1+y

1 + y
2F1(−t, 1 + y, 2 + y; pw) ,∫ ∞

0

zn e−tzdz =
n!

Pn+1
, p > 0 , n = 1, 2, 3, . . . ,∫ 1

−1

(1− x

2

)a(1 + x

2

)b

[P (a,b)
n (x)]2

=
2Γ(a+ n+ 1)Γ(b+ n+ 1)

n!aΓ(a+ b+ 2n+ 1)Γ(a+ b+ n+ 1)
.

Appendix B

P (α,β)
n (s) =

Γ(α+ n+ 1)

n!Γ(α+ β + n+ 1)

×
n∑

m=0

(
n

m

)
Γ(α+ β + n+m+ 1)

Γ(α+m+ 1)

(s− 1

2

)m

,

P (α,β)
n (s) =

1

2n

n∑
k=0

(
n+ α

k

)
×
(
n+ β

k

)(
n+ β

n− k

)
(s− 1)n−k(s+ 1)k ,(

n

m

)
=

n!

(n−m)!m!
=

Γ(n+ 1)

Γ(n−m+ 1)Γ(m+ 1)
.
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