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We present solutions of the Schrödinger equation with modified Hylleraas plus exponential Rosen Morse potential within the framework of
the elegant approximation to deal with the centrifugal term for arbitrary orbital angular quantum number. We obtain the energy spectrum and
the corresponding wave function using the parametric form of the Nikiforov-Uvarov method. In many cases of interest the energy eigenvalues
and eigen functions have been discussed for different potentials.
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1. Introduction

The bound state solutions of Schrodinger equation in quan-
tum mechanics is very difficult to solve with some phys-
ical central potentials [1-2]. The analytical solution of
Schrodinger equation plays a vital role in quantum mechan-
ics and solving the Schrödinger equation is still an inter-
esting work in the existing literature [3-6]. Recently, the
study of exponential-type potential has attracted a lot of in-
terest by many authors [7-8]. However, the bound state solu-
tions of the Schr̈odinger equation of some of these potentials
are possible for few cases such as harmonic oscillator [9],
Coulomb potential [10], Woods-Saxon [11], Hulthen [12],
Manning-Rosen [13] and others [14].Moreover, when the ar-
bitrary angular momentum quantum number, one can only
solve the Schr̈odinger equation approximately using a suit-
able approximation scheme [15]. One of such approximation
includes conventional approximation scheme proposed by
Greene and Aldrich [16], improved approximation scheme by
Jiaet al [17], elegant approximation scheme [18] and a new
approximation scheme by Dong et al [19]. These approxi-
mations are used to deal with the centrifugal term and many
authors have investigated approximately the bound state so-
lutions of the Schr̈odinger equation with exponential-like po-
tentials. For further details readers can refer to most recent
works [20-22].

In this work, we used elegant approximation scheme pro-
posed in Ref. 18 to deal with the centrifugal term and solve
Schr̈odinger equation with modified Hylleraas plus exponen-
tial Rosen-Morse potential defined as [23-24].

V (r) =
−V0

b

[
a + e−2α(r−rc)

1 + e−2α(r−rc)

]

− 4V1e
−2α(r−rc)

(1 + e−2α(r−rc))2
+ V2

(
1− e−2α(r−rc)

1 + e−2α(r−rc)

)
, (1)

where V0, V1, V2 are the potential depths anda, b are the
Hylleraas parameters,α is the adjustable parameter andrc

is the distance from the equilibrium position.

2. Review of nu method and its parametric
form

The NU method is based on the solution of a generalized sec-
ond order linear differential equation with special orthogonal
function [25]. The Schr̈odinger equation

ψ′′(x) + (E − V (x))ψ(x) = 0 (2)

can be solved by this method. This can be done by transform-
ing this equation into equation of hypergeometric type with
appropriate transformation,s = s(x)

ψ′′(s) +
τ̃(s)
σ(s)

ψ′(s) +
σ̃(s)
σ2(s)

ψ(s) = 0. (3)

In order to find the exact solution to Eq. (3), we set the
wave function as

ψ(s) = φ(s)χ(s) (4)

and on substituting Eq. (4) into Eq. (3), then Eq. (3) reduces
to hypergeometric type,

σ(s)χ′′(s) + τ(s)χ′(s) + λχ(s) = 0 (5)

where the wave functionφ(s) is defined as the logarithmic
derivative [25],

φ′(s)
φ(s)

=
π(s)
σ(s)

(6)

whereπ(s) is at most first order polynomials.
Likewise, the hypergeometric type functionφ(s) in

Eq. (5) for a fixedn is given by the Rodriques relation as

χn(s) =
Bn

ρ(s)
dn

dsn
[σn(s)ρ(s)] (7)
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whereBn is the normalization constant and the weight func-
tion ρ(s) must satisfy the condition

d

ds
(σn(s)ρ(s)) = τ(s)ρ(s) (8)

with

τ(s) = τ̃(s) + 2π(s). (9)

In order to accomplish the condition imposed on the
weight functionρ(s), it is necessary that the classical or poly-
nomialsτ(s) be equal to zero to some point of an interval
(a, b) and its derivative at this interval atσ(s) > 0 will be
negative, that is

dτ(s)
ds

< 0. (10)

Therefore, the functionπ(s) and the parametersλ re-
quired for the NU method are defined as follows:

π(s) =
σ′ − τ̃

2
±

√(
σ′ − τ̃

2

)2

− σ̃ + kσ (11)

λ = k + π′(s). (12)

The s-values in Eq. (11) are possible to evaluate if the
expression under the square root be square of polynomials.
This is possible, if and only if its discrimnant is zero. With
this, the new eigenvalues equation becomes

λ = λn = −ndτ

ds
− n(n− 1)

2
d2σ

ds2
, n = 0, 1, 2, . . . (13)

On comparing Eq. (12) and Eq. (13), we obtain the en-
ergy eigenvalues

The parametric generalization of the NU method is given
by the generalized hypergeometric-type equation as [26]

ψ′′(s) +
(c1 − c2s)
s(1− c3s)

ψ′(s) +
1

s2(1− c3s)2

× [−ξ1s
2 + ξ2s− ξ3]ψ(s) = 0. (14)

Equation (14) is solved by comparing it with Eq. (3) and
the following polynomials are obtained:

τ̃(s) = (c1 − c2s), σ(s) = s(1− c3s),

σ̃(s) = −ξ1s
2 + ξ2s− ξ3. (15)

Now substituting Eq. (15) into Eq. (11), we find

σ̃(s) = c4 + c5s

± [(c6 − c3k±)s2 + (c7 + k±)s + c8]
1
2 (16)

where

c4 =
1
2
(1− c1), c5 =

1
2
(c2 − 2c3),

c6 = c2
5 + ξ1 c7 = 2c4c5 − ξ2, c8 = c2

4 + ξ3. (17)

The resulting value ofk in Eq. (16) is obtained from the
condition that the function under the square root be square of
a polynomials and it yields,

k± = −(c7 + 2c3c8)± 2
√

c8c9 (18)

where

c9 = c3c7 + c2
2c8 + c6. (19)

The newπ(s) for k becomes

π(s) = c4 + c5s− [(
√

c9 + c3
√

c8)s−√c8] (20)

for thek value,

k = −(c7 + 2c3c8)− 2
√

c8c9. (21)

Using Eq. (9), we obtain

τ(s) = c1 + 2c4 − (c2 − 2c5)s

− 2[(
√

c9 + c3
√

c8)s−√c8]. (22)

The physical condition for the bound state solution is
τ ′ < 0 and thus

τ ′(s) = −2c3 − 2(
√

c9 + c3
√

c8) < 0. (23)

With the aid of Eqs. (12) and (13), we obtain the energy
equation as

(c2 − c3)n + c3n
2 − (2n + 1)c5 + (2n + 1)

× (
√

c9 + c3
√

c8) + c7 + 2c3c8 + 2
√

c8c9 = 0. (24)

The weight functionρ(s) is obtained from Eq. (8) as

ρ(s) = sc10−1(1− c3s)
c11
c3
−c10−1 (25)

and together with Eq. (7), we have

χn(s) = P

(
c10−1,

c11
c3
−c10−1

)

n (1− 2c3s) (26)

where

c10 = c1 + 2c4 + 2
√

c8 (27)

c11 = c2 − 2c5 + 2(
√

c9 + c3
√

c8) (28)

andP
(α,β)
n (s) are the Jacobi Polynomials. The second part

of the wave function is obtained from Eq. (6) as

φ(s) = sc12 (1− c3s)
−c12−

c13
c3 (29)

where

c12 = c4 +
√

c8, c13 = c5 − (
√

c9 + c3
√

c8). (30)

Thus, the total wave function becomes

ψ(s) = Nnsc12 (1− c3s)
−c12−

c13
c3

× P

(
c10−1,

c11
c3
−c10−1

)

n (1− 2c3s), (31)

whereNn is the normalization constant.
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3. Factorization method

In spherical coordinate, the Schrödinger equation with the
potentialV (r) is given as [27]

−~2

2µ

[
1
r2

∂

∂r

(
r2 ∂

∂r

)

+
1

r2 sin θ

∂

∂θ

(
sin θ

∂

∂θ

)
+

1
r2 sin2 θ

∂2

∂ϕ2

]

× ψ(r, θ, ϕ) + V (r)ψ(r, θ, ϕ) = Eψ(r, θ, ϕ). (32)

Using the common ansatz for the wave function as

ψ(r, θ, ϕ) =
R(r)

r
Ylm(θ, ϕ) (33)

and substituting Eq. (33) into Eq. (32), we obtain the follow-
ing sets of equations:

d2Rnl

dr2
+

2µ

~2

[
E − V (r)− λ~2

2µr2

]
Rnl = 0 (34)

d2Θ(θ)
dθ2

+ cot θ
dΘ(θ)

dθ

(
λ− m2

sin2 θ

)
Θ(θ) = 0 (35)

d2Φ(ϕ)
dϕ2

+ m2
l Φ(ϕ) = 0 (36)

whereλ = l(l + 1) andm2
l are the separation constants.

Yml(θ, ϕ) = Θ(θ)Φ(ϕ) is the solution of Eqs. (35)
and (36).Yml(θ, ϕ) are the spherical harmonic and their solu-
tions are well known [28]. Equation (34) is the radial part of
the Schr̈odinger equation which we are subject of discussion
in the next session.

4. Solution of the radial part of Schrödinger
equation

Substituting potential of Eq. (1) into radial Schrödinger equa-
tion of Eq. (34), we obtain

d2Rnl

dr2
+

2µ

~2

[
Enl +

V0

b

(
a + e−2α(r−rc)

1 + e−2α(r−rc)

)

+
4V1e

−2α(r−rc)

(1 + e−2α(r−rc))

2

− V2

(
1− e−2α(r−rc)

1 + e−2α(r−rc)

)

− l(l + 1)~2

2µr2

]
Rnl = 0. (37)

It is well known that the Schrödinger equation of Eq. (37)
cannot be solved exactly forl 6= 0 by any known method.
The way out is to use approximation for the centrifugal term.
On this note, we invoke the elegant approximation [18] for
the1/r2 as

1
r2

= a1 +
a2

(1 + e−2α(r−rc))
+

a3

(1 + e−2α(r−rc))2
(38)

where,

a1 =
1
r2
c

[
1 +

3
2αrc

+
3

4α2r2
c

]
(39)

a2 = − 1
r2
c

[
2

αrc
+

3
2α2r2

c

]
(40)

a3 =
1
r2
c

[
1

2αrc
+

3
4α2r2

c

]
(41)

We compare the approximation of Eq. (38) with1/r2 in
Fig. 1 and this shows a good agreement for the centrifugal
term for a short-range potential.

Substituting Eq. (38) into (37) and using the transforma-
tion s = −e−2α(r−rc), we have

d2R(s)
ds2

+
(1− s)
s(1− s)

dR(s)
ds

+
1

s2(1− s)2
[−(ε2 −A)s2

+ (2ε2 + B)s− (ε2 − C)]R(s) = 0, (42)

where

−ε2 =
µE

2α2~2
, (43)

A =
µ

2α2~2b
(V0 + V2b)− l(l + 1)a1

4α2
, (44)

B = − µV0

2α2~2b
(a + 1)

− 2µV1

α2~2
+

l(l + 1)
2α2

(
a1 +

a2

2

)
(45)

C =
µ

2α2~2b
(V0a− V2b)

− l(l + 1)
4α2

(a1 + a2 + a3). (46)

FIGURE 1. Comparison of the centrifugal termf = 1/r2 with the
elegant approximationf1 for α = 0.1 with a1 = 1, a2 = 150,
a3 = 85, rc = 0.1 andf2 for α = 0.2 with a1 = 1, a2 = 150,
a3 = 100 andrc = 0.1.
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Comparing Eq. (42) with Eq. (14), we obtain the follow-
ing parameters:

ξ1 = ε2 −A; ξ2 = 2ε2 + B, ξ3 = ε2 − C

c1 = c2 = c3 = 1, c4 = 0, c5 = −1/2

c6 =
1
4

+ ε2 −A, c7 = −2ε2 −B

c8 = ε2 − C, c9 =
1
4
− (A + B + C)

c10 = 1 + 2
√

ε2 − C,

c11 = 2 + 2

(√
1
4
−A−B − C +

√
ε2 − C

)

c12 =
√

ε2 − C,

c13 = −1
2
−

(√
1
4
−A−B − C +

√
ε2 − C

)
(47)

Using Eq. (16), we calculate theπ(s) function as

π(s) =
−s

2
±

[(
1
4

+ ε2 −A− k±

)
s2

+ (2ε2 −B + k±)s + ε2 − C
] 1

2
. (48)

From Eq. (18),k± is determined to be

k± = B + 2C ± 2

√
(ε2 − C)

(
1
4
−A−B − C

)
. (49)

Hence, we choose the proper value ofπ(s) so that

τ(s) = 1− 2s− 2

[(√(
1
4
−A−B − C

)

+
√

(ε2 − C)

)
s−

√
(ε2 − C)

]
, (50)

whose negative derivative is

τ ′(s) = −
[
2 + 2

(√
1
4
−A−B − C +

√
(ε2 − C)

)]
< 0. (51)

The newπ(s) function for NU is chosen as

π(s) =
−s

2
±





(√
1
4 −A−B − C −

√
(ε2 − C)

)
s +

√
(ε2 − C)

for k+ = B + 2C + 2
√

(ε2 − C)
(

1
4 −A−B − C

)

(√
1
4 −A−B − C −

√
(ε2 − C)

)
s−

√
(ε2 − C)

for k− = B + 2C − 2
√

(ε2 − C)
(

1
4 −A−B − C

)

(52)

We find the physical solution from Eq. (52) as

π(s) =
−s

2
−

[(√
1
4
−A−B − C +

√
(ε2 − C)

)
s−

√
(ε2 − C)

]
(53)

for

k− = B + 2C − 2

√
(ε2 − C)

(
1
4
−A−B − C

)
. (54)

Now using Eq. (24), (43), (44), (45), (46) and (47), we obtain the energy spectrum for the modified Hylleraas plus
exponential Rosen Morse potential as

Enl = −V0a

b
+ V2 +

l(l + 1)~2

2µ
(a1 + a2 + a3)

− α2~2

2µ




µV0(1−a)
2α2~2b + µV2

α2~2 + l(l+1)
4α2 (a2 + a3) +

(
n + 1

2 +
√

2µV1
α2~2 + l(l+1)a3

4α2 + 1
4

)2

n + 1
2 +

√
2µV1
α2~2 + l(l+1)a3

4α2 + 1
4




2

. (55)
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The weight functionρ(s) can be obtained by using
Eqs. (25) and parameters in Eq. (47) as

ρ(s) = sε(1− s)ϑ. (56)

Whereε = 2
√

ε2 − C andϑ = 2
√

(1/4)− (A + B + C)

and using Eq. (26), we get the wave functionχn(s) as

χn(s) = P (ε,ϑ)
n (1− 2s) (57)

whereP
(ε,ϑ)
n is the Jacobi polynomial. The other wave func-

tion φ(s) is obtained from Eq. (29) as

φ(s) = sε/2(1− s)
1+ϑ
2 . (58)

The radial wave function is obtained from Eq. (31) as

Rnl(s) = Nnls
ε
2 (1− s)

1+ϑ
2 P (ε,ϑ)

n (1− 2s), (59)

whereNnl is the normalization constant. The normalization
constantNnl can be calculated in a compact form. In order
to do this,we start by using the normalization condition,

∞∫

0

|Nnl|2dr = 1

and under the change of coordinatex = 1−2e−2α(r−rc). We
can rewrite Eq. (59) as,

Rnl(s) = Nnl
n!Γ(ε + 1)

Γ(n + ε + 1)

(
e−α(r−rc)

) ε
2

×
(
1−e−α(r−rc)

) 1+ϑ
2

P (ε,ϑ)
n

(
1−2e−α(r−rc)

)
. (60)

Furthermore, the relation between the hypergeometric
function and the Jacobi polynomials are [33-34],

F1

(
−n, n + ν + µ + 1, ν + 1;

1− x

2

)

=
n!Γ(ν + 1)

Γ(n + ν + 1)
P (ν,µ)

n (x) (61)

1∫

−1

(1− x)ν−1(1 + x)µ
[
P (ν,µ)

n (x)
]2

dx

=
2ν+µΓ(n + ν + 1)Γ(n + µ + 1)

n!νΓ(n + ν + µ + 1)
. (62)

By using
1 + x

2
= 1− 1− x

2
and the Eqs. (61-62), we obtain the normalization constant
Nnl as,

Nnl=
1

Γ(ε+1)

[
εΓ(n+ε+1)Γ(n+ε+ϑ+1)

n!Γ(n+ϑ+1)

] 1
2

. (63)

Finally, the total wave functionψ(r, θ, ϕ) of the modified
Hylleraas plus exponential Rosen Morse potential is obtained

using Eq. (33) as

ψ(r, θ, ϕ) =
1

Γ(ε + 1)

[
εΓ(n + ε + 1)Γ(n + ε + ϑ + 1)

n!Γ(n + ϑ + 1)

] 1
2

× 1
r

(
e−2α(r−rc)

) ε
2

(
1 + e−2α(r−rc)

) 1+ϑ
2

× P (ε,ϑ)
n

(
1 + 2e−2α(r−rc)

)
Ylm(θ, ϕ). (64)

5. Discussion

By choosing appropriate values in the modified Hylleraas
plus Rosen Morse model, we obtain four types of potential
models and then evaluate their energy eigenvalues equations
and their corresponding eigen functions.

5.1. Woods-Saxon Potential

If we chooseV1 = V2 = a = 0 andb = 1 in Eq. (1), we
obtain Woods-Saxon potential [29]

V (r) =
−V0e

−2α(r−rc)

1 + e−2α(r−rc)
. (65)

Substituting these parameters into Eqs. (55) and (60),
we obtain the approximate energy eigenvalues and the cor-
responding wave function as

Enl =
l(l + 1)~2

2µ
(a1 + a2 + a3)− α2~2

2µ
, (66)

and

ψ(r, θ, ϕ) = Nnl
1
r

(
e−2α(r−rc)

)µ′
2

(
1 + e−2α(r−rc)

) 1+ϑ′
2

× P (µ′,ϑ′)
n

(
1 + 2e−2α(r−rc)

)
Ylm(θ, ϕ), (67a)

respectively where

µ′ = 2
√

ε2 − Λ, ϑ′ = 2

√
1
4
− δ − γ − Λ

Λ =
l(l + 1)

4α2
(a2 + a3)

δ =
µV0

2α2~2
− l(l + 1)a1

4α2

γ =
µV0

2α2~2
− l(l + 1)

2α2

(
a1 +

a2

2

)
. (67b)

5.2. Rosen Morse Potential

If we replaceb = a = 1 andV0 = 0 in Eq. (1), we obtain the
Rosen Morse potential [29]

V (r)=
−4V1e

−2α(r−rc)

(1 + e−2α(r−rc))2
+V2

(
1− e−2α(r−rc)

1 + e−2α(r−rc)

)
. (68)

Now substituting these parameters into Eqs. (55)
and (60), we get the energy spectrum and the corresponding
wave function for the Rosen Morse potential as
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Enl=V2+
l(l + 1)~2

2µ
(a1+a2+a3)−α2~2

2µ




µV2
2α2~2 + l(l+1)

4α2 (a2 + a3) +
(

n + 1
2 +

√
µV1

2α2~2 + l(l+1)a3
4α2 + 1

4

)2

n + 1
2 +

√
µV1

2α2~2 + l(l+1)a3
4α2 + 1

4




2

(69)

and

ψ(r, θ, ϕ) = Nnl
1
r

(
e−2α(r−rc)

) µ̃
2

(
1 + e−2α(r−rc)

) 1+ϑ̃
2

P (µ′,ϑ̃)
n

(
1 + 2e−2α(r−rc)

)
Ylm(θ, ϕ) (70a)

where

µ̃ = 2
√

ε̃− Λ̃, ϑ̃ =

√
1
4
− δ̃ − γ̃ − Λ̃ Λ̃ =

µV2

2α2~2
− l(l + 1)

4α2
(a1 + a2 + a3)

δ̃ =
µV2

2α2~2
− l(l + 1)a1

4α2
γ̃ =

µV1

2α2~2
− l(l + 1)

2α2

(
a1 +

a2

2

)
(70b)

5.3. Generalized Woods-Saxon Potential

If we setV2 = a = 0, V1 = −V0
4 , b = 1 in Eq. (1), we obtain generalized Woods-Saxon potential [30] as

V (r) =
−V0e

−2α(r−rc)

(1 + e−2α(r−rc))2
+

V0e
−2α(r−rc)

(1 + e−2α(r−rc))2
. (71)

Substituting these parameters into Eqs. (55) and (60), we obtain the energy eigenvalues and the corresponding wave
function for this potential as

Enl = V2 +
l(l + 1)~2

2µ
(a1 + a2 + a3)− α2~2

2µ




µV0
2α2~2 + l(l+1)

4α2 (a2 + a3) +
(

n + 1
2 +

√
µV0

2α2~2 + l(l+1)a3
4α2 + 1

4

)2

n + 1
2 +

√
µV0

2α2~2 + l(l+1)a3
4α2 + 1

4




2

(72)

and

ψ(r, θ, ϕ) = Nnl
1
r

(
e−2α(r−rc)

)µ′
2

(
1 + e−2α(r−rc)

) (1+Ω)
2 × P (µ′,Ω)

n

(
1 + 2e−2α(r−rc)

)
Ylm(θ, ϕ), (73a)

where

µ′ = 2
√

ε− Λ, Ω =

√
1
4
− δ − γ′ − Λ γ′ =

l(l + 1)
2α2

(
a1 +

a2

2

)
, (73b)

Λ and had been defined in subsec. (5.1).

5.4. Poschl-Teller Potential

If we choseV0 = V2 = 0 in Eq. (1), we obtain the Poschl potential [31]

V (r) =
−4V1e

−2α(r−rc)

(1 + e−2α(r−rc))2
. (74)

Substituting these parameters into Eqs. (55) and (60), we obtain the energy spectrum and the corresponding wave function
as

Enl =
l(l + 1)~2

2µ
(a1 + a2 + a3)− α2~2

2µ
×




l(l+1)
4α2 (a2 + a3) +

(
n + 1

2 +
√

µV1
2α2~2 + l(l+1)a3

4α2 + 1
4

)2

n + 1
2 +

√
µV1

2α2~2 + l(l+1)a3
4α2 + 1

4




2

(75)
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and

ψ(r, θ, ϕ) = Nnl
1
r

(
e−2α(r−rc)

)µ′
2

(
1 + e−2α(r−rc)

) 1+Ω′
2

× P (µ′,Ω′)
n

(
1 + 2e−2α(r−rc)

)
Ylm(θ, ϕ) (76a)

where

µ′ = 2
√

ε2 − Λ, Ω1 = 2

√
1
4
− δ′ − γ̃ − Λ

δ′ =
l(l + 1)a1

4α2
, (76b)

Λ had been defined already in Subsec. 5.1 andγ̃ is defined in
Subsec. 5.2.

5.5. Standard Eckart Potential

If we setV0 = 0, V1 = −V1
4 andV2 = −V2, b = 1, a = 0 in

Eq. (1) we obtain standard Eckart potential [32] as

V (r) =
V1e

−2α(r−rc)

(
1 + e−2α(r−rc)

)2 − V2

(
1− e−2α(r−rc)

1 + e−2α(r−rc)

)
.

(77)

Substituting these parameters into Eqs. (55) and (60), we
obtain the energy spectrum and the corresponding wave func-
tion as

Enl = −V2 +
l(l + 1)~2

2µ
(a1 + a2 + a3)− α2~2

2µ




l(l+1)
4α2 (a2 + a3) +

(
n + 1

2 +
√

µV1
2α2~2 + l(l+1)a3

4α2 + 1
4

)2

n + 1
2 +

√
µV1

2α2~2 + l(l+1)a3
4α2 + 1

4




2

(78)

and

ψ(r, θ, ϕ) = Nnl
1
r

(
e−2α(r−rc)

) ε′
2

(
1 + e−2α(r−rc)

) 1+Ω̃
2

× P (ε′,Ω̃)
n (1 + 2e−2α(r−rc))Ylm(θ, ϕ) (79)

where

ε′ = 2
√

ε2 − C̃, Ω̃ =

√
1
4
− Ã− B̃ − C̃, (80)

and

Ã =
−µV2

2α2~2
− l(l + 1)a1

4α2

B̃ =
µV1

2α2~2
− l(l + 1)

4α2

(
a1 +

a2

2

)

C̃ =
µV2

2α2~2
− l(l + 1)

2α2
(a1 + a2 + a3). (81)

6. Conclusion

In this paper, we solved explicitly the Schrödinger equation
for the modified Hylleraas plus exponential Rosen Morse po-
tential for arbitrary states by using the parametric form of
the Nikiforov-Uvarov method. By using the elegant approx-
imation for the centrifugal term, we obtain approximately
the energy eigenvalues and the unnormalized wave function
expressed in terms of the Jacobi polynomials for arbitrary
wave states. We obtained some well known potential such
as Woods-Saxon, Rosen Morse, generalized Woods-Saxon,
Poschl-Teller and standard Eckart potentials by choosing ap-
propriate parameters in the modified Hylleraas plus exponen-
tial Rosen Morse .
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