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COMPARATIVE ANALYSIS OF DOUBLE
LAYER PROFILES BETWEEN TWO-TEMPERATURE
NON-ISOTHERMAL AND ISOTHERMAL
ELECTRON PLASMAS

Double layers with a non-linear wave structure have been investigated by the well-known
Sagdeev pseudopotential method in a plasma consisting of warm positive ions, warm nega-
tive ions, warm positrons, and two-temperature non-isothermal and isothermal electrons. In
this work, the profiles of double layers from Sagdeev potential functions and double layer so-
lutions for small-amplitude double layers between two-temperature non-isothermal and two-
temperature isothermal electron plasmas are studied under a variation of the concentrations
of positrons (𝜒), stream velocities of positive (𝑢𝑖𝑜) and negative (𝑢𝑗𝑜) ions, temperatures of
positive (𝜎𝑖) and negative (𝜎𝑗) ions, and the concentration of negative ions (𝑛𝑗𝑜). The com-
parative studies of the small-amplitude double layers between two-temperature non-isothermal
and two-temperature isothermal electron plasmas show the significant effect of the amplitudes
and depth of the potential well. This comparative analysis of double-layer profiles between
two-temperature non-isothermal and isothermal electron plasmas explores the differences in
double-layer structures in plasma environments with distinct temperature profiles and provides
valuable insights that can be applied across various domains in plasma physics.
K e yw o r d s: Sagdeev potential function, double layers, two-temperature non-isothermal and
isothermal electrons, stream velocities, temperatures of positive and negative ions, concentra-
tions of positrons and negative ions.

1. Introduction
Propagation of ion-acoustic solitary waves and dou-
ble layers have been investigated by a large num-
ber of physicists [1–7] in a plasma comprising of
warm adiabatic positive ions, warm adiabatic nega-
tive ions, warm isothermal positrons, and two-tempe-
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rature non-isothermal or isothermal and non-thermal
electrons through Sagdeev pseudopotential formal-
ism in a magnetized or in an unmagnetized plas-
mas. In the past few years, besides solitons, many
researchers had significant interest in double layers
because of their relevance in cosmic applications [8],
confinement of plasma in tandem mirror devices [9],
and for ion heating in linear turbulence heating de-
vices, etc., [10]. Actually, ion-acoustic double layers
have been found, when the soliton ends. Ion-acoustic
double layers have also been observed in auroral [11]
and magnetospheric [12] plasmas, where two-electron
species exist. In the reductive perturbation method,
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the large- and small-amplitude ion-acoustic double
layers in different plasma systems have been observed
by several authors. The experimental observation of
a strong double layer in a plasma consisting of posi-
tive ions, negative ions, and electrons had been re-
ported by Merlino and Loomis [13]. On the other
hand, several authors studied small-amplitude ion-
acoustic double layers theoretically as well as ex-
perimentally in different plasmas by the reductive
perturbation and Sagdeev pseudopotential [1] me-
thods. Wong, Mamas, and Arnush [14] made use of
SF6, a gas of great electron affinity, in their experi-
ment and obtained a negative ion plasma at a neu-
tral gas pressure. Sato [15] also obtained a negative
ion plasma containing K+ and SF−

6 ions, where elec-
tron fraction became very small. Mishra et al. [16] in-
vestigated very carefully the existence regions and
the nature of the ion-acoustic double layers men-
tioning their amplitudes and widths for some real-
istic examples of plasmas containing the ion species
(Ar+, SF−

6 ), (Ar
+, F−), (H+, O−

2 ), and (H+, H−). In
their investigation, they also showed that the presence
of negative ion species drastically affects the existence
regions and the nature of the ion-acoustic double
layers. In two-electron Boltzmann model, Goswami
et al. [17] studied the obliquely propagating dou-
ble layers in a magnetic field. Using the reduc-
tive perturbation method, Gill et al. [18] investi-
gated ion-acoustic solitons and double layers in non-
thermal electrons with isothermal positive and neg-
ative ions. Chattopadhyay [19–21] also studied ion-
acoustic compressive solitary waves of first and second
orders in a single-temperature non-isothermal elec-
tron plasma for cold positive and negative ions and
ion-acoustic compressive solitons and double layers in
two-temperature non-isothermal electron plasma for
warm positive and negative ions under a variation of
different plasma parameters. Again, Mishra et al. [22]
studied comprehensively the ion-acoustic solitons in
a negative ion plasma with two-electron tempera-
ture distribution. In addition, Kumar et al. [23] in-
vestigated large-amplitude ion-acoustic solitons in a
warm negative ion plasma with super thermal elec-
trons. By following the conditions for the forma-
tion of double layers after a soliton structure, the
present author also investigated small-amplitude ion-
acoustic double layers [24] in a plasma containing
warm positrons, warm negative ions, warm positive
ions and two-temperature non-isothermal electrons

by the Sagdeev pseudopotential [1] method. It is now
very interesting and important to carry on the com-
parative analysis of the profiles of double layers from
Sagdeev potential functions and double-layer solu-
tions between two-temperature non-isothermal and
two-temperature isothermal electron plasmas under
a variation of the concentration of positrons, con-
centration of negative ions, stream velocities of posi-
tive and negative ions, and temperatures of positive
and negative ions. Actually, this comparative analysis
explores the differences in double-layer structures in
plasma environments with distinct temperature pro-
files. This study can help one to explain how double
layers are formed in these environments and influence
phenomena like auroras and solar flares.

The plan of the paper is organized in the following
ways:

In Sec. 2, the set of normalized basic fluid equa-
tions for warm positive and negative ions along with
the normalized concentration of two-temperature
non-isothermal electrons, equation of state in the
adiabatic case, concentration of positrons, bound-
ary conditions, and charge neutrality conditions are
taken. The concentration of two-temperature isother-
mal electrons are taken in Sec. 2.1. The Sagdeev po-
tential functions 𝜓 (𝜑) & 𝜓1 (𝜑) and double-layer so-
lutions 𝜑𝐷𝐿 & 𝜑𝐷𝐿1

for small-amplitude double lay-
ers in two-temperature non-isothermal and isother-
mal electron plasmas with proper boundary condi-
tions can be observed in Secs. 2 and 2.1. Section 3
contains the results and discussions of the entire prob-
lem. The comparative studies of the Sagdeev poten-
tial functions [𝜓 (𝜑) & 𝜓1 (𝜑)] and double-layer solu-
tions [𝜑DL& 𝜑DL1

] are shown in Sec. 4 for some chosen
set of parameters consistent with the quasi-neutrality
condition. Concluding remarks are given in Sec. 5.

2. Formulation: Two-Temperature
Non-Isothermal Electron Plasma

We consider a collisionless, unmagnetized, non-rela-
tivistic plasma model consisting of warm adiabatic
positive ions with temperature 𝑇𝑖 and mass 𝑚𝑖, warm
adiabatic negative ions with temperature 𝑇𝑗 and
mass 𝑚𝑗 , warm isothermal positrons with temper-
ature 𝑇𝑝 and bi-Maxwellian two-temperature non-
isothermal electrons with effective temperature 𝑇eff
and density 𝑛𝑒. We now wish to study, at first, the
small-amplitude double layers for this bi-Maxwel-

ISSN 2071-0194. Ukr. J. Phys. 2025. Vol. 70, No. 2 85



S. Chattopadhyay

lian two-temperature non-isothermal electron plas-
mas with warm ions and positrons. The bi-Maxwel-
lian two-temperature non-isothermal electron distri-
bution contains two groups of electrons, where one
group is hotter than the another one. In this pa-
per, we have taken trapped electron distribution be-
cause trapped electron distributions are crucial in
plasma studies. They significantly influence plasma
stability, wave-particle interactions, transport pro-
cess, and the overall dynamical behavior of the sys-
tem. In this context, it is important to mention that
many Astrophysical and laboratory plasmas natu-
rally consist of multiple species such as electrons,
both positive and negative ions, and positrons. Each
species may have different temperatures due to differ-
ent energy distribution mechanisms which makes the
plasma non-isothermal. Double layers can be formed
in such plasmas due to differences in temperature and
density among the charged species, leading to com-
plex electrostatic potential structures. Consequently,
this non-isothermal model is generally more accurate
and representative of real plasma conditions. It allows
for the greater flexibility in modeling the double-layer
formation and can capture finer details of the pro-
cess. If the goal is to simulate or understand double
layers in natural or experimental plasmas more ac-
curately, this approach would likely give better re-
sults. If the focus is on understanding basic mecha-
nisms or if computational simplicity is desired, the
isothermal model may be preferable.

Now, the set of normalized basic fluid equations
appropriate to the low-frequency waves are

𝜕𝑛𝛼
𝜕𝑡

+
𝜕

𝜕𝑥
(𝑛𝛼𝑢𝛼) = 0, (1)

𝜕𝑢𝛼
𝜕𝑡

+ 𝑢𝛼
𝜕𝑢𝛼
𝜕𝑥

+
𝜎𝛼

𝑄𝛼𝑛𝛼

𝜕𝑝𝛼
𝜕𝑥

= −𝑍𝛼
𝑄𝛼

𝜕𝜑

𝜕𝑥
, (2)

𝜕𝑝𝛼
𝜕𝑡

+ 𝑢𝛼
𝜕𝑝𝛼
𝜕𝑥

+ 3𝑝𝛼
𝜕𝑢𝛼
𝜕𝑥

= 0, (3)

𝜕2𝜑

𝜕𝑥2
= 𝑛𝑒 −

∑︁
𝛼

𝑍𝛼𝑛𝛼 − 𝑛𝑝, (4)

where 𝛼 = 𝑖 stands for positive ions, 𝛼 = 𝑗 stands for
negative ions; 𝑛𝛼, 𝑛𝑒, 𝑛𝑝 are the densities of positive
(negative) ions, electrons, and positrons; 𝑢𝛼 is the
velocity of positive (negative) ions; 𝜎𝛼 is the temper-
ature ratios of positive (negative) ions and electrons;
𝑝𝛼 is the pressures of positive (negative) ions; 𝑍𝛼 is
a charge of positive (negative) ions, 𝑍𝛼 = 1 for 𝛼 = 𝑖

and 𝑍𝛼 = −𝑍 for 𝛼 = 𝑗; 𝑄𝛼 is the mass ratio of neg-
ative (𝑗) to positive (𝑖) ions, 𝑄𝛼 = 1 for 𝛼 = 𝑖 and
𝑄𝛼 = 𝑄 for 𝛼 = 𝑗.

Here, the electrons are assumed to be in quasi-
equilibrium state with low-frequency ion-acoustic
wave. We, thus, take the following general expression
for the electron density [25–26] as

𝑛𝑒(𝜑) =

⎛⎜⎝ −
√
2𝜑∫︁

−∞

𝑑𝑣 +

∞∫︁
√
2𝜑

𝑑𝑣

⎞⎟⎠ 𝑓 +

+
𝑔+
2

[1 + 𝑠𝑔𝑛 (𝜉 − 𝜉𝑚)]

√
2𝜑∫︁

−
√
2𝜑

𝑑𝑣 𝑓+ +

+
𝑔−
2

[1− 𝑠𝑔𝑛 (𝜉 − 𝜉𝑚)]

√
2𝜑∫︁

−
√
2𝜑

𝑑𝑣 𝑓−.

Here, the symbols 𝑓 and 𝑓± represent the free and the
reflected electron distribution functions. The above
mentioned density normalization constants 𝑔+ and 𝑔−
are positive. In this case, electrons can have different
densities depending on the sign of (𝜉 − 𝜉𝑚), where
𝜉𝑚 is the position of the minimum of ion-acoustic
double-layer potential (𝜑 = 0) and sgn (𝜉 − 𝜉𝑚) is the
constant of motion for all the reflected particles.

By using the quasi-neutrality condition and the
drift approximation for electrons in small-amplitude
ion-acoustic double layers, we may expand the elec-
tron density 𝑛𝑒(𝜑) [25–27] as follows:

𝑛𝑒(𝜑) = 1+𝐴1𝜑+ 𝛿
1
2𝐴2 sgn(𝜉− 𝜉𝑚)𝜑

3
2 +𝐴3𝜑

2 + ... .

The above co-efficients 𝐴1, 𝐴2, 𝐴3... are given as:
+∞∫︁

−∞

𝑑𝑣 𝑓(𝑣) = 1, 𝐴1 = −𝑃
∫︁
𝑑𝑣

1

𝑣

𝜕𝑓

𝜕𝑣
,

𝐴2 =

(︃
4
√
2

3

)︃{︁
𝑔±𝑓

′′

±(0) + 𝑓
′′

±(0)
}︁
,

𝐴3 = −1

2
𝑃

∫︁
𝑑𝑣

(︂
1

𝑣

𝜕

𝜕𝑣

)︂
𝑓,

where 𝑃 represents the principal value of the integral.
Again for general formulation of monotonic dou-

ble layers, we now consider the following modified
Schamel-type [25–29] electron distribution:

𝑓 =
1√
2𝜋

exp

[︂
−1

2

(︀
sgn (𝑣)

√
𝜀− 𝑣𝑑

)︀2]︂
𝜃 (𝜀), 𝜀 > 0,
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𝑓± =
1√
2𝜋

exp

(︂
−1

2
𝑔± 𝑣

2
𝑑

)︂
exp

(︂
−1

2
𝛿± 𝜀

)︂
𝜃 (−𝜀),

𝜀 ≤ 0.

Here, 𝜀2 = 𝑣2 − 2𝜑, 𝜑(𝑥) ≥ 0, and 𝜃 is a Heaviside
step function.

The electron velocity and the potential are respec-
tively normalized to the electron thermal velocity√︁

𝐾 𝑇eff

𝑚𝑒
and the electron temperature 𝐾 𝑇eff

𝑒 , and 𝑣𝑑

represents the electron drift velocity. The thermal dis-
tribution scaling (𝛿±) are positive.

From the electron distribution functions given
above, the corresponding density for electrons can be
found by simple velocity-space integrations as follows:

𝑛𝑒(𝜑) = exp

(︂
−𝑣

2
𝑑

2

)︂[︂
𝐼

(︂
𝑣2𝑑
2
, 𝜑

)︂
+ 𝑇± (𝛽, 𝜑)

]︂
.

Here, 𝐼 and 𝑇 are defined as follows:

𝐼

(︂
𝑣2𝑑
2
, 𝜑

)︂
=

√︂
2

𝜋
×

×
∞∫︁
0

𝑑𝑉

[︃
𝑉√︀

𝑉 2 + 2𝜑
exp

(︂
−𝑉

2

2

)︂
cosh (𝑉, 𝑣𝑑)

]︃
,

𝑇+ (𝛽, 𝜑) =
1√
𝛽
exp(𝛽𝜑) erf

(︁√︀
𝛽𝜑
)︁
, 𝛽 > 0,

𝑇−(𝛽, 𝜑) =
2√︀
𝜋 |𝛽|

exp (− |𝛽|𝜑)

√
|𝛽|𝜑∫︁
0

𝑑𝑦 exp(𝑦2),

𝛽 < 0.

Here, the ‘erf’ represents the error function.
In this paper, the electron density is defined from

Vlasov equations consisting of free and trapped elec-
trons as

𝑛𝑒(𝜑) =

∝∫︁
−∝

𝑓𝑒(𝑥, 𝑣)𝑑𝑣 =

= 𝐾0

⎡⎢⎢⎢⎣exp(𝜑)erfc(︁√︀𝜑)︁+ 1√
𝛽1

×

×

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩
exp(𝛽1𝜑)erf

[︁√︀
|𝛽1𝜑|

]︁
for 𝛽1 ≥ 0

2√
𝜋
exp
[︁
−
{︁√︀

| (−𝛽1𝜑) |
}︁2

×

×
∫︀√|(−𝛽1𝜑)|
0

exp (𝑋2)𝑑𝑋
]︁

for 𝛽1 < 0

⎫⎪⎪⎪⎪⎬⎪⎪⎪⎪⎭

⎤⎥⎥⎥⎥⎦.

Here, erf (𝑥) = 2√
𝜋

∫︀ 𝑥
0
𝑒−𝑡

2

𝑑𝑡, erfc (𝑥) = 1 − erf(𝑥),
𝐾0 is some constant, and 𝑓𝑒(𝑥, 𝑣) is the electron dis-
tribution function with 𝛽1 =

𝑇𝑒𝑙,𝑓

𝑇𝑒ℎ,𝑡
is the temperature

ratio of free (𝑇𝑒𝑙,𝑓 ) and trapped (𝑇𝑒ℎ,𝑡) electrons in
low and high temperatures.

In the present paper, we consider the case 𝛽1 >0
and, thus, take

𝑛𝑒(𝜑) = exp (𝜑) erfc (
√︀
𝜑) +

1√
𝛽1

exp (𝛽1𝜑)×

× erf
[︁√︀

|𝛽1𝜑|
]︁
= exp(𝜑)

[︁
1− erf(

√︀
𝜑)
]︁
+

+
1√
𝛽1

exp (𝛽1𝜑)erf
[︁√︀

|𝛽1𝜑|
]︁
=

= exp(𝜑)

⎡⎢⎣1− 2√
𝜋

√
𝜑∫︁

0

exp (−𝑡2)𝑑𝑡

⎤⎥⎦+

+
1√
𝛽1

exp (𝛽1𝜑)

⎡⎢⎣1− 2√
𝜋

√
𝛽1 𝜑∫︁
0

exp (−𝑡2)𝑑𝑡

⎤⎥⎦.
The normalized electron density 𝑛𝑒(𝜑) for two-
temperature non-isothermal electron plasma is ob-
tained by the Taylor series expansion from above un-
der the condition 𝜑≪ 1 as

𝑛𝑒 = 𝑛𝑒𝑙 + 𝑛𝑒ℎ =

= 𝜇

[︃
1+

(︂
𝜑

𝜇+ 𝜈𝛽1

)︂
− 4

3
𝑏𝑙

(︂
𝜑

𝜇+ 𝜈𝛽1

)︂3
2

+

+
1

2

(︂
𝜑

𝜇+ 𝜈𝛽1

)︂2
− 8

15
𝑏
(1)
𝑙

(︂
𝜑

𝜇+ 𝜈𝛽1

)︂5
2

+

+
1

6

(︂
𝜑

𝜇+ 𝜈𝛽1

)︂3
+ ...

]︃
+𝜈

[︃
1 +

(︂
𝛽1𝜑

𝜇+ 𝜈𝛽1

)︂
−

− 4

3
𝑏ℎ

(︂
𝛽1𝜑

𝜇+ 𝜈𝛽1

)︂3
2

+
1

2

(︂
𝛽1𝜑

𝜇+ 𝜈𝛽1

)︂2
−

− 8

15
𝑏
(1)
ℎ

(︂
𝛽1𝜑

𝜇+ 𝜈𝛽1

)︂5
2

+
1

6

(︂
𝛽1𝜑

𝜇+ 𝜈𝛽1

)︂3
+ ...

]︃
=

= 1 + 𝜑− 4

3

(︁
𝜇𝑏𝑙 + 𝜈𝑏ℎ𝛽

3
2
1

)︁
(𝜇+ 𝜈𝛽1)

3
2

𝜑
3
2 +

1

2

(𝜇+ 𝜈𝛽2
1)

(𝜇+ 𝜈𝛽1)2
𝜑2 −

− 8

15

(︁
𝜇𝑏

(1)
𝑙 + 𝜈𝑏

(1)
ℎ 𝛽

5
2
1

)︁
(𝜇+ 𝜈𝛽1)

5
2

𝜑
5
2 +

1

6

(𝜇+ 𝜈𝛽3
1)

(𝜇+ 𝜈𝛽1)3
𝜑3 − ..., (5)

where 0 < 𝑏𝑙 or 𝑏ℎ < 1√
𝜋

and 0 < 𝑏
(1)
𝑙 or 𝑏(1)ℎ < 1√

𝜋
;

𝛽1 =
𝑇𝑒𝑙,𝑓

𝑇𝑒ℎ,𝑡
, 𝑏𝑙 = 1−𝛽𝑙√

𝜋
, 𝑏ℎ = 1−𝛽ℎ√

𝜋
, 𝑏(1)𝑙 =

1−𝛽2
𝑙√
𝜋

, 𝑏(1)ℎ =
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=
1−𝛽2

ℎ√
𝜋

, 𝛽𝑙 =
𝑇𝑒𝑙,𝑓

𝑇𝑒𝑙,𝑡
, 𝛽ℎ =

𝑇𝑒ℎ,𝑓

𝑇𝑒ℎ,𝑡
, 𝜇+ 𝜈 = 1, 𝜎𝛼 = 𝑇𝛼

𝑇eff
,

𝑄 =
(︁
𝑚𝑗

𝑚𝑖

)︁1
2

[𝑖 is for positive ion, 𝑗 is for negative ion],

𝑇eff = 𝑇𝑒𝑙 𝑇𝑒ℎ

𝜇𝑇𝑒ℎ+ 𝜈 𝑇𝑒𝑙
, 𝜇 and 𝜈 are unperturbed num-

ber density of low- temperature and high-temperature
electrons; 𝑇𝑒𝑙,𝑓 & 𝑇𝑒𝑙,𝑡 are the temperatures of free
and trapped electrons in low temperatures, whereas
𝑇𝑒ℎ,𝑓 & 𝑇𝑒ℎ,𝑡 are the temperatures of free and trapped
electrons in high temperatures.

Consequently in our present problem, untrapped
ions and untrapped positrons are typically consid-
ered in such studies to simplify the model, focus on
the electron-driven dynamics of double-layer forma-
tion and ensure analytical and numerical tractabil-
ity. The behavior of trapped ions and positrons may
add unnecessary complexity to the study without pro-
viding significant additional insights into the primary
objective of comparing double-layer profiles in plas-
mas with different electron distributions. To avoid the
complexity of taking trapped ions and positrons, we
consider our present plasma model.

The normalized positron density (𝑛𝑝) is

𝑛𝑝 = 𝜒 𝑒−𝜎𝑝𝜑, (6)

where 𝜎𝑝 = 𝑇eff

𝑇𝑝
is the temperature ratios of effective

electrons (𝑇eff) and positrons (𝑇𝑝).
The charge neutrality condition is

1 + 𝑍𝑛𝑗𝑜 = 𝑛𝑖0 + 𝜒 (7)

and the boundary conditions are

𝑛𝛼 → 𝑛𝛼0, 𝑢𝛼 → 𝑢𝛼𝑜, 𝑝𝛼 → 𝑝𝛼0, 𝑛𝑒 → 1,

𝑛𝑝 → 𝜒 and 𝜑→ 0 at |𝑥| → ∞.
(8)

The equations (1) to (6) are normalized by the fol-
lowing ways:

Densities 𝑛𝛼, 𝑛𝑒 and 𝑛𝑝 are normalized by their
equilibrium values 𝑛0; velocities 𝑢𝛼 by the ion-
acoustic wave speed 𝐶𝑠 =

√︁
𝐾𝑇eff

𝑚𝛼
, where 𝑚𝛼 is the

mass of ions, 𝑇eff is the effective temperature of elec-
trons, and 𝐾 is the Boltzmann constant; pressures
𝑝𝛼 by 𝑝0 = 𝐾𝑛0𝑇𝛼, where 𝑇𝛼 is the temperature of
ions; potential (𝜑) by 𝐾 𝑇eff

𝑒 , where 𝑒 is the electron
charge; time (𝑡) by the inverse of the ion-plasma fre-
quency in the mixture 𝜔−1

𝑝𝛼 =
√︁

𝑚𝛼

4𝜋𝑛0𝑒2
and the space

co-ordinate (𝑥) by the Debye length 𝜆𝐷 =
√︁

𝐾 𝑇eff

4𝜋𝑛0𝑒2

where 𝛼 = 𝑖 stands for positive ions, and 𝛼 = 𝑗 stands
for negative ions.

Now, by using the Galelian transformation 𝜂 = 𝑥−
−𝑉 𝑡, where 𝑉 is the velocity of the solitary waves,
we get, from Eqs. (1), to (4) as

−𝑉 𝜕𝑛𝛼
𝜕𝜂

+
𝜕

𝜕𝜂
(𝑛𝛼𝑢𝛼) = 0, (9)

−𝑉 𝜕𝑢𝛼
𝜕𝜂

+ 𝑢𝛼
𝜕𝑢𝛼
𝜕𝜂

+
𝜎𝛼

𝑄𝛼𝑛𝛼

𝜕𝑝𝛼
𝜕𝜂

= −𝑍𝛼
𝑄𝛼

𝜕𝜑

𝜕𝜂
, (10)

−𝑉 𝜕𝑝𝛼
𝜕𝜂

+ 𝑢𝛼
𝜕𝑝𝛼
𝜕𝜂

+ 3𝑝𝛼
𝜕𝑢𝛼
𝜕𝜂

= 0, (11)

𝜕2𝜑

𝜕𝜂2
= 𝑛𝑒 −

∑︁
𝛼

𝑍𝛼𝑛𝛼 − 𝑛𝑝. (12)

As we consider the adiabatic case, Eq. (11) for pos-
itive and negative ions are consistent with the equa-
tions of state

𝑝𝛼 = 𝑝𝛼0

(︂
𝑛𝛼
𝑛𝛼0

)︂3
(13)

and, hence, we shall take 𝑝𝛼0 = 1.
From Eqs. (9), (10) & (12) after using the bound-

ary conditions (8) and the equations of state (13),
we get finally the Sagdeev potential function 𝜓(𝜑)
by the non-perturbative or Sagdeev potential [1] ap-
proach as

𝜓(𝜑) =

[︃
−𝜑− 1

2
𝜑2 +

8

15

𝜇𝑏𝑙 + 𝜈𝑏ℎ𝛽
3
2
1

(𝜇+ 𝜈𝛽1)
3
2

𝜑
5
2 −

− 1

6

𝜇+ 𝜈𝛽2
1

(𝜇+ 𝜈𝛽1)2
𝜑3 +

16

105

𝜇𝑏
(1)
𝑙 + 𝜈𝑏

(1)
ℎ 𝛽

5
2
1

(𝜇+ 𝜈𝛽1)
5
2

𝜑
7
2 −

− 1

24

𝜇+ 𝜈𝛽3
1

(𝜇+ 𝜈𝛽1)3
𝜑4 + ...

]︃
+

+
1

6

∑︁
𝛼

√︃
𝑄3
𝛼𝑛

3
𝛼0

3𝜎𝛼

[︃{︃(︂
𝑉 − 𝑢𝛼0 −

√︂
3𝜎𝛼
𝑄𝛼𝑛𝛼0

)︂2
−

− 2𝑍𝛼
𝑄𝛼

𝜑

}︃3
2

−

{︃(︂
𝑉 − 𝑢𝛼0 +

√︂
3𝜎𝛼
𝑄𝛼𝑛𝛼0

)︂2
− 2𝑍𝛼

𝑄𝛼
𝜑

}︃3
2

+

+

(︂
𝑉 − 𝑢𝛼0 +

√︂
3𝜎𝛼
𝑄𝛼𝑛𝛼0

)︂3
−

−
(︂
𝑉 − 𝑢𝛼0 −

√︂
3𝜎𝛼
𝑄𝛼𝑛𝛼0

)︂3]︃
+

𝜒

𝜎𝑝
(1− 𝑒−𝜎𝑝𝜑), (14)
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where

𝑛𝛼 =
∑︁
𝛼

√︃
𝑄𝛼𝑛3𝛼0
12𝜎𝛼

[︃{︃(︂
𝑉 − 𝑢𝛼0 +

√︂
3𝜎𝛼
𝑄𝛼𝑛𝛼0

)︂2
−

− 2𝑍𝛼
𝑄𝛼

𝜑

}︂1
2

−

{︃(︂
𝑉 − 𝑢𝛼0 −

√︂
3𝜎𝛼
𝑄𝛼𝑛𝛼0

)︂2
− 2𝑍𝛼

𝑄𝛼
𝜑

}︃1
2
]︃
.

(15)
The restriction on 𝜑 is

− 𝑄

2𝑍

(︃
𝑉 − 𝑢𝑗0 −

√︃
3𝜎𝑗
𝑄𝑛𝑗0

)︃2
<

< Φ <
1

2

(︂
𝑉 − 𝑢𝑖0 −

√︂
3𝜎𝑖
𝑛𝑖0

)︂2
.

Expanding 𝜓(𝜑) in power of 𝜑 by the Taylor series
expansion, we get, from equation (12),

𝑑2𝜑

𝑑𝜂2
= 𝐺1𝜑−𝐺2𝜑

3
2 +𝐺3𝜑

2−𝐺4𝜑
5
2 +𝐺5𝜑

3−... = −𝜕𝜓
𝜕𝜑

(16)
and

𝜓(𝜑) = −1

2
𝐺1𝜑

2+
2

5
𝐺2𝜑

5
2−1

3
𝐺3𝜑

3+
2

7
𝐺4𝜑

7
2−1

4
𝐺5𝜑

4,

(17)
where

𝐺1 =

[︃
1− 𝑛𝑖0

{︂
(𝑉 − 𝑢𝑖0)

2 − 3𝜎𝑖
𝑛𝑖0

}︂−1

−

−𝑍2𝑛𝑗0

{︂
𝑄(𝑉 − 𝑢𝑗0)

2 − 3𝜎𝑗
𝑛𝑗0

}︂−1

+ 𝜒𝜎𝑝

]︃
,

𝐺2 =
4

3

(︁
𝜇𝑏𝑙 + 𝜈𝑏ℎ𝛽

3
2
1

)︁
(𝜇+ 𝜈𝛽1)

3
2

,

𝐺3 =
1

2

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

𝜇+ 𝜈𝛽2
1

(𝜇+ 𝜈𝛽1)2
− 𝑛

3
2
𝑖0

2
√
3𝜎𝑖

{︃(︃
𝑉 − 𝑢𝑖0 −

−
√︂

3𝜎𝑖
𝑛𝑖0

)︃−3

−
(︂
𝑉 − 𝑢𝑖0 +

√︂
3𝜎𝑖
𝑛𝑖0

)︂−3
}︃
+

+
𝑍3𝑛

3
2
𝑗0

2𝑄
√︀
3𝑄𝜎𝑗

{︃(︃
𝑉 − 𝑢𝑗0 −

√︃
3𝜎𝑗
𝑄𝑛𝑗0

)︃−3

−

−

(︃
𝑉 − 𝑢𝑗0 +

√︃
3𝜎𝑗
𝑄𝑛𝑗0

)︃−3}︃
− 𝜒𝜎2

𝑝

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
,

𝐺4 =
8

15

(︁
𝜇𝑏

(1)
𝑙 + 𝜈𝑏

(1)
ℎ 𝛽

5
2
1

)︁
(𝜇+ 𝜈𝛽1)

5
2

,

𝐺5 =
1

2

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

1

3

𝜇+ 𝜈𝛽3
1

(𝜇+ 𝜈𝛽1)3
− 𝑛

3
2
𝑖0

2
√
3𝜎𝑖

{︃(︃
𝑉 − 𝑢𝑖0 −

−
√︂

3𝜎𝑖
𝑛𝑖0

)︃−5

−
(︂
𝑉 − 𝑢𝑖0 +

√︂
3𝜎𝑖
𝑛𝑖0

)︂−5
}︃
+

+
𝑍4𝑛

3
2
𝑗0

2𝑄2
√︀

3𝜎𝑗𝑄

{︃(︃
𝑉 − 𝑢𝑗0 +

√︃
3𝜎𝑗
𝑄𝑛𝑗0

)︃−5

−

−

(︃
𝑉 − 𝑢𝑗0 −

√︃
3𝜎𝑗
𝑄𝑛𝑗0

)︃−5}︃
+
𝜒𝜎3

𝑝

3

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
.

(18)

The formation of double layers may be observed by
the following conditions:

(i) 𝜓(𝜑) = 0 at 𝜑 = 0 and 𝜑 = 𝜑𝑚,

(ii)
𝜕𝜓

𝜕𝜑
= 0 at 𝜑 = 0 and 𝜑 = 𝜑𝑚,

(iii)
𝜕2𝜓

𝜕𝜑2
< 0 at 𝜑 = 0 and 𝜑 = 𝜑𝑚,

(iv) 𝜓(𝜑) < 0 for 0 < 𝜑 < 𝜑𝑚 and 𝜑 > 𝜑𝑚.

(19)

For small-amplitude double layers, taking terms up
to 𝜑2 from (16) and terms up to 𝜑3 from (17), we get

𝑑2𝜑

𝑑𝜂2
= −𝜕𝜓

𝜕𝜑
= 𝐺1𝜑−𝐺2𝜑

3
2 +𝐺3𝜑

2, (20)

𝜓(𝜑) = −1

2
𝐺1𝜑

2 +
2

5
𝐺2𝜑

5
2 − 1

3
𝐺3𝜑

3. (21)

Using the above boundary conditions (19) for
Eqs. (20) and (21) for double layers, we obtain the
following relations for small-amplitude double layers
in two-temperature non-isothermal electron plasmas:

𝐺1 =
2

3
𝐺3𝜑𝑚 and 𝐺2 =

5

3
𝐺3𝜑

1
2
𝑚,

𝜓 (𝜑) = −1

3
𝐺3𝜑

2
(︁√︀

𝜑−
√︀
𝜑𝑚

)︁2
,

𝜕𝜓(𝜑)

𝜕𝜑
= −1

3
𝐺3𝜑

(︁√︀
𝜑−

√︀
𝜑𝑚

)︁(︁
3
√︀
𝜑− 2

√︀
𝜑𝑚

)︁
,

𝜑DL =
1

4
𝜑𝑚

[︃
1− tanh

(︃√︂
𝐺3𝜑𝑚
24

𝜂

)︃]︃2
,

(22)

where 𝐺3 > 0.
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The profiles of the Sagdeev potential function 𝜓 (𝜑)
against 𝜑 and double-layer solutions 𝜑DL against 𝜂
for small-amplitude double layers in two-temperature
non-isothermal electron plasmas may be drawn un-
der a variation of the concentration of positrons (𝜒),
stream velocities of positive(𝑢𝑖0) and negative(𝑢𝑗0)
ions, temperatures of positive (𝜎𝑖) and negative (𝜎𝑗)
ions, and the concentrations of negative (𝑛𝑗0) ions.

2.1. Two-temperature Isothermal
electron plasma

Now, we discuss the small-amplitude double layers for
bi-Maxwellian two – temperature isothermal electron
plasmas.

In this case, the previous normalized fluid equa-
tions (1) to (4) and the relations (6) to (8) will remain
as the same for this two-temperature isothermal elec-
tron plasmas.

For bi-Maxwellian two-temperature isothermal
electron plasmas, the normalized concentration of
electrons will be

𝑛𝑒 = 𝜇 exp

(︂
𝜑

𝜇+ 𝜈𝛽1

)︂
+ 𝜈 exp

(︂
𝛽1𝜑

𝜇+ 𝜈𝛽1

)︂
, (23)

where 𝛽1 =
𝑇𝑒𝑙,𝑓

𝑇𝑒ℎ,𝑡
is the temperature ratio of free elec-

trons in low and high temperatures, and 𝜇, 𝜈 are the
same as before. The normalization is done here by
the previous mentioned ways. Using the transforma-
tion 𝜂 = 𝑥−𝑉 𝑡 and the boundary conditions (8), we
get finally, from Eqs. (1) to (4), (6) to (7), and (23)
as

𝑑2𝜑

𝑑𝜂2
= 𝐺1𝜑+𝐺3𝜑

2 +𝐺5𝜑
3 = −𝜕𝜓1

𝜕𝜑
(24)

and

𝜓1(𝜑) = −1

2
𝐺1𝜑

2 − 1

3
𝐺3𝜑

3 − 1

4
𝐺5𝜑

4, (25)

where 𝐺1, 𝐺3 & 𝐺5 are same for both two-
temperature non-isothermal and two-temperature
isothermal electron plasmas, and 𝜓1(𝜑) is the Sagdeev
potential function for two-temperature isothermal
electron plasmas. Here, the boundary conditions for
double layers are

𝜓1 (𝜑) = 0 for 𝜑 = 0 and 𝜑𝑚1
,

𝜕𝜓1(𝜑)

𝜕𝜑
= 0 for 𝜑 = 0 and 𝜑𝑚1

.

After using the boundary conditions for small-
amplitude double layers for Eqs. (24) & (25), we get
finally,

𝐺1 =
1

2
𝐺5𝜑

2
𝑚1

and 𝐺3 = −3

2
𝐺5 𝜑𝑚1

.

Putting 𝐺1 and 𝐺3 in Eqs. (25) and (24), we get

𝜓1(𝜑) = −1

4
𝐺5𝜑

2 (𝜑− 𝜑𝑚1)
2
,

𝜕𝜓1 (𝜑)

𝜕𝜑
= −1

2
𝐺5 𝜑 (𝜑− 𝜑𝑚1)(2𝜑− 𝜑𝑚1)

and

𝜑DL1
=

1

2
𝜑𝑚1

[︃
1− tanh

(︃√︂
𝐺5𝜑𝑚1

8
𝜂

)︃]︃
, (26)

where 𝜑𝑚1
is the maximum (minimum) value of 𝜑 at

which double layer conditions are satisfied for two-
temperature isothermal electron plasmas. The dou-
ble layers can exist only when 𝐺5 > 0. The physical
existence of the double layers in a two-temperature
isothermal electron plasma is thus purely governed
by the value of 𝐺5.

3. Results and Discussions

In this section, we will draw the profiles of the dou-
ble layers from Sagdeev potential functions 𝜓 (𝜑) &
𝜓1 (𝜑) against 𝜑 and double-layer solutions 𝜑DL and
𝜑DL1

against 𝜂 for small-amplitude double layers. Fi-
nally, we have also compared those double-layer pro-
files between two-temperature non-isothermal and
isothermal electron plasmas under variations of some
plasma parameters. The choice of parameters in the
study of double layers in two-temperature non-
isothermal and isothermal electron plasmas is guided
by the specific physical conditions for the system
under investigation. The goal is to create conditions
where double layers can be formed, stabilized and be
studied, whether in theoretical simulations [30–32] or
experimental [33–35] settings. Actually, the param-
eters are chosen to reflect the realistic plasma con-
ditions, to test hypotheses, or to match experimen-
tal constraints. Indeed, the roles of the soliton veloc-
ity 𝑉 and the concentration (𝜒) of positrons for the
formation of double layers in both two-temperature
non-isothermal and isothermal electron plasmas are
very much important and attractive. In most cases,

90 ISSN 2071-0194. Ukr. J. Phys. 2025. Vol. 70, No. 2



Comparative Analysis of Double Layer Profiles

the values of 𝑉 at which double layers occur in two-
temperature non-isothermal and isothermal electron
plasmas are different. But, in some simplified or ide-
alized models for comparison of double layers, we
take some specific values or same values of 𝑉 at
which double layer occurs and satisfies the necessary
boundary conditions of the double layers. Moreover,
the concentration (𝜒) of positrons lies in the range
0 ≤ 𝜒 < 1 at which small-amplitude double layers
occur in both two-temperature non-isothermal and
isothermal electron plasmas maintaining the charge
neutrality condition.

In Fig. 1, the profiles of the double layers from
Sagdeev potential functions 𝜓 (𝜑) & 𝜓1 (𝜑) against
𝜑 for small-amplitude double layers are compared
between two-temperature non-isothermal [𝜓 (𝜑)] &
isothermal [𝜓1 (𝜑)] electron plasmas under the vari-
ation of the concentrations of positrons (𝜒). In our
model, the double layers are found at a particular
value of 𝑉 with all other connected parameters after
the ends of solitons. Actually, the double layer starts
with upper limits of soliton velocity 𝑉 , when soliton
ends with some velocity of 𝑉 . The Sagdeev potential
functions 𝜓 (𝜑) for two-temperature non-isothermal
electron plasmas are denoted by 𝑎1 for 𝜒 = 0.12
and 𝑎2 for 𝜒 = 0.17 whereas the Sagdeev potential
functions 𝜓1 (𝜑) for two-temperature isothermal elec-
tron plasmas are denoted by 𝑏1 for 𝜒 = 0.12 and 𝑏2
for 𝜒 = 0.17. It is evident from this figure that the
amplitudes of the Sagdeev potential functions 𝜓 (𝜑)
for two-temperature non-isothermal electron plasmas
are larger than the amplitudes of the Sagdeev po-
tential functions 𝜓1 (𝜑) for two-temperature isother-
mal electron plasmas. Moreover the depth of the well
for two- temperature isothermal electron plasma is
higher than that of two-temperature non-isothermal
electron plasma in our model.

Figure 2 shows the profiles of the double-layer so-
lutions 𝜑DL and 𝜑DL1 against 𝜂 for small-amplitude
double layers between two-temperature non-
isothermal & isothermal electron plasmas under the
variation of the concentration of positrons (𝜒). The
double-layer solutions 𝜑DL for two-temperature
non-isothermal electron plasmas are denoted by 𝑎3
for 𝜒 = 0.12 and 𝑎4 for 𝜒 = 0.17 whereas the double-
ayer solutions 𝜑DL1

for two-temperature isothermal
electron plasmas are denoted by 𝑏3 for 𝜒 = 0.12
and 𝑏4 for 𝜒 = 0.17. From this figure, among the
curves 𝑎3, 𝑎4, 𝑏3 and 𝑏4, it is seen that the curves

Fig. 1. Comparison of double-layer profiles from Sagdeev
potential functions 𝜓 (𝜑) and 𝜓1 (𝜑) against 𝜑 between two-
temperature non-isothermal and isothermal electron plasma
under a variation of the concentration of positrons (𝜒) for
𝑉 = 1.65, 𝑢𝑖0 = 0.4, 𝑢𝑗0 = 0.2, 𝜎𝑖 = 1

100
, 𝜎𝑗 = 1

20
, 𝜎𝑝 = 0.41,

𝛽1 = 0.02, 𝑄 = 1.9, 𝜇 = 0.15, 𝜈 = 0.85, 𝑛𝑗0 = 0.03, 𝑛𝑖0 = 0.86,
𝑏𝑙 = 0.15, 𝑏ℎ = 0.4 when 𝜒 = 0.12 and 0.17

Fig. 2. Comparison of double-layer solution profiles 𝜑DL and
𝜑DL1

against 𝜂 between two-temperature non-isothermal and
isothermal electron plasma under a variation of the concen-
tration of positrons (𝜒) for 𝑉 = 1.65, 𝑢𝑖0 = 0.4, 𝑢𝑗0 = 0.2,
𝜎𝑖 = 1

100
, 𝜎𝑗 = 1

20
, 𝜎𝑝 = 0.41, 𝛽1 = 0.02, 𝑄 = 1.9, 𝜇 = 0.15,

𝜈 = 0.85, 𝑛𝑗0 = 0.03, 𝑛𝑖0 = 0.86, 𝑏𝑙 = 0.15, 𝑏ℎ = 0.4 when
𝜒 = 0.12 and 0.17

for two-temperature non-isothermal electron plasmas
take higher values than that of two-temperature
isothermal electron plasmas.
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Fig. 3. Comparison of double-layer profiles from Sagdeev
potential functions 𝜓(𝜑) and 𝜓1 (𝜑) against 𝜑 between two-
temperature non-isothermal and isothermal electron plasma
under variations of the stream velocities of positive (𝑢𝑖0) &
negative (𝑢𝑗0) ions for 𝑉 = 1.65, 𝜒 = 0.12, 𝜎𝑖 = 1

100
, 𝜎𝑗 = 1

20
,

𝜎𝑝 = 0.41, 𝛽1 = 0.02, 𝑄 = 1.9, 𝜇 = 0.15, 𝜈 = 0.85, 𝑛𝑗0 = 0.03,
𝑛𝑖0 = 0.86, 𝑏𝑙 = 0.15, 𝑏ℎ = 0.4 when 𝑢𝑖0 = 0.4, 𝑢𝑗0 = 0.2,
𝑢𝑖0 = 0.6, 𝑢𝑗0 = 0.3

From Figs. 1, 2, the double-layer profiles 𝜓1 (𝜑) and
𝜑DL1

are not found theoretically for 𝜒 = 0.08 when
𝜎𝑗 > 𝜎𝑖 and 𝑢𝑖0 > 𝑢𝑗0 with 𝑛𝑗0 = 0.05, 𝛽1 = 0.02 in
two-temperature isothermal electron plasma, whereas
𝜓 (𝜑) and 𝜑DL are found for the above-mentioned
values of the parameters in two-temperature non-
isothermal plasma. But for 𝜒 = 0.24 when 𝜎𝑗 < 𝜎𝑖
and 𝛽1 = 0.02 with 𝑛𝑗0 = 0.03, 𝑢𝑖0 = 0.6, 𝑢𝑗0 = 0.3,
the double-layer profiles 𝜓 (𝜑) & 𝜓1 (𝜑) against 𝜑
and 𝜑DL & 𝜑DL1 against 𝜂 are both found as com-
pressive double layers in both two-temperature non-
isothermal & isothermal electron plasmas whereas the
same profiles are not found for 𝛽1 = 0.25. The ampli-
tudes of the double layers are increasing for increas-
ing values of the concentration of positrons (𝜒) which
shows the effect of positrons.

In our plasma model for Figs. 1 and 2, the small-
amplitude double layers are formed and found for
𝑉 = 1.65, 𝑢𝑖0 = 0.4, 𝑢𝑗0 = 0.2, 𝑛𝑗0 = 0.03, 𝑍 = 1,
𝜎𝑖 =

1
100 , 𝜎𝑗 = 1

20 , 𝜎𝑝 = 0.41, 𝛽1 = 0.02, 𝑄 = 1.9,
𝜇 = 0.15, 𝜈 = 0.85, 𝑏𝑙 = 0.15, 𝑏ℎ = 0.4 when 𝜒
lies in the range 0 ≤ 𝜒 < 1 and 𝑛𝑖0 lies in 0.03 <
< 𝑛𝑖0 ≤ 1.03 maintaining the charge neutrality condi-
tion with physical feasibility of 𝑛𝑖0 (i.e. 𝑛𝑖0 > 0). It is

also observed and concluded that higher positron con-
centration (𝜒 ≥ 1) increases the electron–to-positron
density imbalance which might hinder the formation
of small-amplitude double layers. In contrast, 𝜒 < 1
provides a better charge distribution, favoring double
layers stability. A lower positron concentration, con-
sistent with the quasi-neutrality condition, is required
for small-amplitude double layers in our given plasma
configuration.

In Fig. 3, the profiles of the double layers from
Sagdeev potential functions 𝜓 (𝜑) & 𝜓1 (𝜑) against
𝜑 for small-amplitude double layers between two-
temperature non-isothermal & isothermal electron
plasmas are compared under the variation of the
stream velocities of positive (𝑢𝑖0) and negative (𝑢𝑗0)
ions. The Sagdeev potential functions 𝜓 (𝜑) for two-
temperature non-isothermal electron plasmas are de-
noted by 𝑎5 for 𝑢𝑖0 = 0.4, 𝑢𝑗0 = 0.2 and 𝑎6 for
𝑢𝑖0 = 0.6, 𝑢𝑗0 = 0.3, whereas the Sagdeev poten-
tial functions 𝜓1 (𝜑) for two-temperature isothermal
electron plasmas are denoted by 𝑏5 for 𝑢𝑖0 = 0.4,
𝑢𝑗0 = 0.2 and 𝑏6 for 𝑢𝑖0 = 0.6, 𝑢𝑗0 = 0.3. It is
observed from this figure that the amplitude for 𝑎5
curve is larger than the amplitude for 𝑏5 curve, when
𝑢𝑖0 = 0.4, 𝑢𝑗0 = 0.2, whereas the amplitude for 𝑎6
curve is smaller than the amplitude for 𝑏6 curve,
when 𝑢𝑖0 = 0.6, 𝑢𝑗0 = 0.3. Thus, it is concluded
that if stream velocities are increasing, the ampli-
tude of two-temperature isothermal electron plasma
is larger than the amplitude of two-temperature non-
isothermal electron plasma.

Fig. 4 shows the profiles of the double-layer solu-
tions 𝜑DL and 𝜑DL1 against 𝜂 for two-temperature
non-isothermal & isothermal electron plasmas under
variations of the stream velocities of positive (𝑢𝑖0) &
negative (𝑢𝑗0) ions. The double layer solutions 𝜑DL

for two-temperature non-isothermal electron plasmas
are denoted by 𝑎7 for 𝑢𝑖0 = 0.4, 𝑢𝑗0 = 0.2 and 𝑎8
for 𝑢𝑖0 = 0.6, 𝑢𝑗0 = 0.3 whereas the double-layer so-
lutions 𝜑DL1

for two-temperature isothermal electron
plasmas are denoted by 𝑏7 for 𝑢𝑖0 = 0.4, 𝑢𝑗0 = 0.2 and
𝑏8 for 𝑢𝑖0 = 0.6, 𝑢𝑗0 = 0.3. It is interesting to note
that for larger value of the stream velocity 𝑢𝑖0 = 0.6,
𝑢𝑗0 = 0.3 in our model, the corresponding curve 𝑎8
takes lower values than the curve 𝑎7 for its stream
velocity 𝑢𝑖0 = 0.4, 𝑢𝑗0 = 0.2 in our model. Again,
the curve 𝑎7 takes larger value than 𝑏7 for 𝑢𝑖0 = 0.4,
𝑢𝑗0 = 0.2 whereas the curve 𝑎8 takes smaller value
than the curve 𝑏8 for 𝑢𝑖0 = 0.6, 𝑢𝑗0 = 0.3. For stream
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velocity 𝑢𝑖0 = 0.4, 𝑢𝑗0 = 0.2, the curve 𝑎7 takes
higher value than the curve 𝑏7 whereas for stream
velocity 𝑢𝑖0 = 0.6, 𝑢𝑗0 = 0.3, the curve 𝑎8 possesses
lower value than the curve 𝑏8.

In non-streaming motion of positive and negative
ions (𝑢𝑖0 = 0, 𝑢𝑗0 = 0) with 𝜒 = 0.12, 𝜎𝑖 = 1

100 ,
𝜎𝑗 = 1

20 , 𝑛𝑗0 = 0.03, 𝛽1 = 0.02 and 𝑉 = 1.65, the
double layers are formed only for two-temperature
non-isothermal electron plasmas but it is impossi-
ble to form double layer profiles for two-temperature
isothermal electron plasma under the variation of the
same plasma parameters with 𝑢𝑖0 = 0, 𝑢𝑗0 = 0 which
is an important situation in our model.

From Figs. 3 and 4, it is found that the stream
velocities of positive and negative ions play a cru-
cial role in determining the characteristics of ion-
acoustic double layers. Higher ion velocities generally
lead to weaker, broader and less stable double layers,
as ions are less likely to accumulate near the potential
well. In contrast, lower ion velocities allow for bet-
ter accumulation of ions in the double-layer region,
leading to stronger, narrower and more stable struc-
tures. The balance between positive and negative ion
velocities is important for maintaining the symme-
try and stability of the double layer, and any signifi-
cant velocity imbalance can destabilize the structure
or lead to more complex plasma dynamics.

In Fig. 5, the profiles of the double layers from
Sagdeev potential functions 𝜓 (𝜑) & 𝜓1 (𝜑) against
𝜑 for small amplitude double layers are compared
between two-temperature non-isothermal & isother-
mal electron plasmas under the variation of the
temperatures of positive (𝜎𝑖) and negative (𝜎𝑗)
ions. The Sagdeev potential functions 𝜓 (𝜑) for two-
temperature non-isothermal electron plasmas are de-
noted by 𝑎9 for 𝜎𝑖 = 1/100, 𝜎𝑗 = 1/20 and 𝑎10 for
𝜎𝑖 = 1/30, 𝜎𝑗 = 1/100, whereas the Sagdeev poten-
tial functions 𝜓1 (𝜑) for two-temperature isothermal
electron plasmas are denoted by 𝑏9 for 𝜎𝑖 = 1/100,
𝜎𝑗 = 1/20 and 𝑏10 for 𝜎𝑖 = 1/30, 𝜎𝑗 = 1/100. The
amplitude for the curve 𝑎9 is greater than the am-
plitude of the curve 𝑎10 in two-temperature non-
isothermal electron plasma and also the depth of
the well for the curve 𝑎9 is larger than the curve
𝑎10. Again the amplitude of the curve 𝑏9 is smaller
than the amplitude of the curve 𝑏10, but the well
depth of the curve 𝑏10 is higher than that of 𝑏9. It
is seen clearly from this figure that the amplitude of
the curve 𝑎9 is larger than the amplitude of the curve

Fig. 4. Comparison of double-layer solution profiles 𝜑DL and
𝜑DL1

against 𝜂 between two-temperature non-isothermal and
isothermal electron plasma under variations of the stream ve-
locities of positive (𝑢𝑖0) & negative (𝑢𝑗0) ions for 𝑉 = 1.65,
𝜒 = 0.12, 𝜎𝑖 = 1

100
, 𝜎𝑗 = 1

20
, 𝜎𝑝 = 0.41, 𝛽1 = 0.02, 𝑄 = 1.9,

𝜇 = 0.15, 𝜈 = 0.85, 𝑛𝑗0 = 0.03, 𝑛𝑖0 = 0.86, 𝑏𝑙 = 0.15, 𝑏ℎ = 0.4

when 𝑢𝑖0 = 0.4, 𝑢𝑗0 = 0.2, 𝑢𝑖0 = 0.6, 𝑢𝑗0 = 0.3

Fig. 5. Comparison of double-layer profiles from Sagdeev
potential functions 𝜓 (𝜑) and 𝜓1 (𝜑) against 𝜑 between two-
temperature non-isothermal and isothermal electron plasma
under variations of the temperatures of positive (𝜎𝑖) & neg-
ative (𝜎𝑗) ions for 𝑉 = 1.65, 𝜒 = 0.17, 𝜎𝑝 = 0.41, 𝛽1 = 0.02,
𝑄 = 1.9, 𝜇 = 0.15, 𝜈 = 0.85, 𝑛𝑗0 = 0.03, 𝑛𝑖0 = 0.86, 𝑏𝑙 = 0.15,
𝑏ℎ = 0.4, 𝑢𝑖0 = 0.4, 𝑢𝑗0 = 0.2 when 𝜎𝑖 = 1

100
, 𝜎𝑗 = 1

20
,

𝜎𝑖 =
1
30

, 𝜎𝑗 = 1
100
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Fig. 6. Comparison of double-layer solution profiles 𝜑DL and
𝜑DL1 against 𝜂 between two-temperature non-isothermal and
isothermal electron plasma under variations of the temper-
atures of positive (𝜎𝑖) & negative (𝜎𝑗) ions for 𝑉 = 1.65,
𝜒 = 0.17, 𝜎𝑝 = 0.41, 𝛽1 = 0.02, 𝑄 = 1.9, 𝜇 = 0.15, 𝜈 = 0.85,
𝑛𝑗0 = 0.03, 𝑛𝑖0 = 0.86, 𝑏𝑙 = 0.15, 𝑏ℎ = 0.4, 𝑢𝑖0 = 0.4,
𝑢𝑗0 = 0.2, when 𝜎𝑖 = 1

100
, 𝜎𝑗 = 1

20
; 𝜎𝑖 = 1

30
, 𝜎𝑗 = 1

100

𝑏9, when 𝜎𝑖 = 1/100, 𝜎𝑗 = 1/20 and similarly the
amplitude of the curve 𝑎10 is smaller than that of the
curve 𝑏10, when 𝜎𝑖 = 1/30, 𝜎𝑗 = 1/100.

Figure 6 shows the profiles of the double-layer so-
lutions 𝜑DL and 𝜑DL1

against 𝜂 for two-temperature
non-isothermal & isothermal electron plasmas under
variations of the temperatures of positive (𝜎𝑖) and
negative (𝜎𝑗) ions. The double layer solutions 𝜑DL

for two-temperature non-isothermal electron plasmas
are denoted by 𝑎11 for 𝜎𝑖 = 1/100, 𝜎𝑗 = 1/20 and
𝑎12 for 𝜎𝑖 = 1/30, 𝜎𝑗 = 1/100, whereas the double-
layer solutions 𝜑DL1

for two-temperature isothermal
electron plasmas are denoted by 𝑏11 for 𝜎𝑖 = 1/100,
𝜎𝑗 = 1/20 and 𝑏12 for 𝜎𝑖 = 1/30, 𝜎𝑗 = 1/100. For
𝜎𝑖 = 1/30, 𝜎𝑗 = 1/100, the curve 𝑎12 takes larger
value than the curve 𝑎11 for 𝜎𝑖 = 1/100, 𝜎𝑗 = 1/20
whereas the curve 𝑏12 for 𝜎𝑖 = 1/30, 𝜎𝑗 = 1/100
also takes higher values than that of the curve 𝑏11
for 𝜎𝑖 = 1/100, 𝜎𝑗 = 1/20. Again the curve 𝑎11
takes smaller value than that of the curve 𝑏11, when
𝜎𝑖 = 1/100, 𝜎𝑗 = 1/20 and similarly the curve 𝑎12
takes smaller value than that of the curve 𝑏12 for
𝜎𝑖 = 1/30, 𝜎𝑗 = 1/100.

The double-layer structures in Fig. 6 represent
the potential variation across the double layers. The
asymmetric shape of this double layers mainly arises
due to the differences in temperatures. Actually, the
potential starts at the baseline, rises to a peak and re-
turns to the baseline. In the analysis of this figure, the
differences in the curves are, thus, primarily driven
by the electron energy distribution, thermal effects of
ions and positrons, and the relative densities of the
plasma species. These parameters dictate the balance
of forces in the plasma and the resulting structure of
the ion-acoustic double layers.

In Figs. 5 & 6, we are considering the follow-
ing two situations on the basis of the temperatures
of positive (𝜎𝑖) and negative (𝜎𝑗) ions as 𝜎𝑗 >𝜎𝑖
and 𝜎𝑗 <𝜎𝑖. In both cases for two-temperature non-
isothermal and isothermal electron plasmas, double-
layer profiles from Sagdeev potential functions and
double-layer solutions are obtained for 𝑢𝑖0 = 0.4,
𝑢𝑗0 = 0.2, 𝜒 = 0.17 with 𝛽1 = 0.02.

Again, from Figs. 5 and 6, it can be concluded that
the asymmetric shape of double layers arises due to
the differences in temperatures and densities of the
concerned plasma species. The temperatures of both
positive and negative ions significantly affect the for-
mation, structure and behavior of ion-acoustic dou-
ble layers. Hotter ions lead to reducing the strength of
the double layer, making it weaker and broader, while
colder ions tend to reinforcing the structure , result-
ing in a stronger and narrower potential barrier. The
temperature imbalance between the two types of ions
can lead to more complex dynamics, affecting the
overall stability and characteristics of ion-acoustic
double layers in plasmas.

In Fig. 7, the profiles of the double layers from
Sagdeev potential functions 𝜓 (𝜑) & 𝜓1 (𝜑) against
𝜑 for small-amplitude double layers are compared be-
tween two-temperature non-isothermal & isothermal
electron plasmas under variations of the concentra-
tions of negative (𝑛𝑗0) ions. The Sagdeev potential
functions 𝜓 (𝜑) for two-temperature non-isothermal
electron plasmas are denoted by 𝑎13 for 𝑛𝑗0 = 0.01
and 𝑎14 for 𝑛𝑗0 = 0.03 whereas the Sagdeev poten-
tial functions 𝜓1 (𝜑) for two-temperature isothermal
electron plasmas are denoted by 𝑏13 for 𝑛𝑗0 = 0.01
and 𝑏14 for 𝑛𝑗0 = 0.03. It is interesting to observe
that, for 𝑛𝑗0 = 0.01, the amplitude of the curve 𝑎13 is
less than the amplitude of the curve 𝑏13, whereas, for
𝑛𝑗0 = 0.03, the amplitude of the curve 𝑎14 is greater
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than that of the curve 𝑏14. Moreover, the amplitude
of the curve 𝑎14 at 𝑛𝑗0 = 0.03 is greater than the am-
plitude of the curve 𝑎13 for 𝑛𝑗0 = 0.01 whereas the
amplitude of the curve 𝑏13 for 𝑛𝑗0 = 0.01 is higher
than the amplitude of the curve 𝑏14 for 𝑛𝑗0 = 0.03.

Fig. 8 shows the profiles of the double-layer solu-
tions 𝜑𝐷𝐿 and 𝜑DL1

against 𝜂 for two-temperature
non-isothermal & isothermal electron plasmas un-
der variations of the concentrations of negative
(𝑛𝑗0) ions. The double layer solutions 𝜑DL for two-
temperature non-isothermal electron plasmas are de-
noted by 𝑎15 for 𝑛𝑗0 = 0.01 and 𝑎16 for 𝑛𝑗0 = 0.03
whereas the double layer solutions 𝜑DL1

for two-
temperature isothermal electron plasmas are denoted
by 𝑏15 for 𝑛𝑗0 = 0.01 and 𝑏16 for 𝑛𝑗0 = 0.03. For
𝑛𝑗0 = 0.03, the curve 𝑎16 takes larger value than
the curve 𝑎15 for 𝑛𝑗0 = 0.01 whereas the curve 𝑏15
for 𝑛𝑗0 = 0.01 also takes higher values than that of
the curve 𝑏16 for 𝑛𝑗0 = 0.03. Again the curve 𝑎15
takes smaller value than that of the curve 𝑏15 when
𝑛𝑗0 = 0.01 and similarly the curve 𝑎16 takes larger
value than that of the curve 𝑏16 for 𝑛𝑗0 = 0.03.

Moreover, it is found that the profiles of double
layers exist only in two-temperature non-isothermal
electron plasma for 𝑛𝑗0 = 0.05 when 𝜒 = 0.12, 𝑢𝑖0 =
= 0.4, 𝑢𝑗0 = 0.2, 𝜎𝑖 = 1

100 , 𝜎𝑗 = 1
20 , 𝛽1 = 0.02 and

𝑉 = 1.65 but the same profiles do not exist and found
for the same parameters in two-temperature isother-
mal electron plasma which is an important situation.

From Figs. 7 and 8, it is found that the concen-
tration of negative ions plays a key role in shaping
the characteristics of ion-acoustic double layers. Hi-
gher concentration of negative ions generally lead to
stronger, more stable double layers with deeper po-
tential drops and narrower widths. They help one to
maintain the charge neutrality and stabilize the elec-
trostatic structure of the double layer. However, if the
concentration of negative ions becomes too high, it
may destabilize the double layer or prevent its forma-
tion. The overall effect depends on the balance be-
tween positive and negative ion densities and their
temperatures, as well as the interplay between ions
and electrons in the plasma.

4. Comparative Studies

Our next task is to compare the nature and shape
of the profiles of the double layers from the Sagdeev
potential functions 𝜓 (𝜑) & 𝜓1 (𝜑) against 𝜑 and dou-

Fig. 7. Comparison of double-layer profiles from Sagdeev
potential functions 𝜓 (𝜑) and 𝜓1 (𝜑) against 𝜑 between two-
temperature non-isothermal and isothermal electron plasma
under variations of the concentrations of negative ions (𝑛𝑗0)

for 𝑉 = 1.65, 𝜒 = 0.12, 𝜎𝑝 = 0.41, 𝛽1 = 0.02, 𝑄 = 1.9,
𝜇 = 0.15, 𝜈 = 0.85, 𝑛𝑖0 = 0.89, 0.91, 𝑏𝑙 = 0.15, 𝑏ℎ = 0.4,
𝑢𝑖0 = 0.4, 𝑢𝑗0 = 0.2, 𝜎𝑖 = 1

100
, 𝜎𝑗 = 1

20
when 𝑛𝑗0 = 0.01, 0.03

Fig. 8. Comparison of double-layer solution profiles 𝜑DL and
𝜑DL1 against 𝜂 between two-temperature non-isothermal and
isothermal electron plasma under variations of the concentra-
tions of negative ions (𝑛𝑗0) for 𝑉 = 1.65, 𝜒 = 0.12, 𝜎𝑝 = 0.41,
𝛽1 = 0.02, 𝑄 = 1.9, 𝜇 = 0.15, 𝜈 = 0.85, 𝑛𝑖0 = 0.89, 0.91,
𝑏𝑙 = 0.15, 𝑏ℎ = 0.4,𝑢𝑖0 = 0.4, 𝑢𝑗0 = 0.2, 𝜎𝑖 = 1

100
, 𝜎𝑗 = 1

20
,

when 𝑛𝑗0 = 0.01, 0.03
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ble layer solutions 𝜑DL & 𝜑DL1
against 𝜂 for small-

amplitude double layers between two-temperature
non-isothermal and isothermal electron plasmas un-
der variations of the different values of the positron
densities (𝜒), stream velocities of positive (𝑢𝑖0) and
negative (𝑢𝑗0) ions, temperatures of positive (𝜎𝑖) and
negative (𝜎𝑗) ions and the concentrations of nega-
tive ions (𝑛𝑗0) which are shown clearly under the
graphical approach by the respective Figs. 1 to 8. In
𝜓 (𝜑) and 𝜑𝐷𝐿 for two-temperature non-isothermal
electron plasmas, the values of the expression for 𝐺3

and 𝜑𝑚 are positive, whereas, in 𝜓1 (𝜑) and 𝜑DL1

for two-temperature isothermal electron plasmas, the
values of 𝐺5 and 𝜑𝑚1

are also positive in order to ob-
tain the profiles of the compressive double layers. The
double-layer points [𝜑𝑚 and 𝜑𝑚1 i.e. at which double
layer occurs] for this compressive double layers are
also varied and are shown by the tangency condition
[𝜕𝜓𝜕𝜑 = 0 and 𝜕𝜓1

𝜕𝜑 = 0] in both two-temperature non-
isothermal and isothermal electron plasmas. Again,
it is found by observation, that, after a certain maxi-
mum value of soliton velocity 𝑉 , no solitary waves are
found nearer to 𝑉 , and then there may be a possibil-
ity of the formation of a double layer. When the ve-
locity 𝑉 crosses the soliton maximum velocity limit,
then our present plasma model shows the compres-
sive double layers at some specific values of 𝑉 larger
than the maximum soliton velocity, and that specific
value of 𝑉 must satisfy the required double-layer con-
ditions under variations of different plasma param-
eters consistent with the quasi-neutrality condition
for both two-temperature non-isothermal and two-
temperature isothermal electron plasmas. Indeed, in
most cases, the values of 𝑉 at which double layers oc-
cur in two-temperature non-isothermal electron and
in two-temperature isothermal electron plasmas are
certainly different due to the differences in the tem-
perature profiles and electric potentials in the dou-
ble layers, but, in some simplified or idealized models
for comparison of small-amplitude double layer pro-
files, we take such specific values of 𝑉 or the same
values of 𝑉 at which double layer occurs in both
two-temperature non-isothermal and isothermal elec-
tron plasmas and satisfy the necessary boundary con-
ditions of double layers. In our plasma model, the
small-amplitude double layers are formed and found
for 𝑉 = 1.65, 𝑢𝑖0 = 0.4, 𝑢𝑗0 = 0.2, 𝑛𝑗0 = 0.03,
𝑍 = 1, 𝜎𝑖 = 1

100 , 𝜎𝑗 = 1
20 , 𝜎𝑝 = 0.41, 𝛽1 = 0.02,

𝑄 = 1.9, 𝜇 = 0.15, 𝜈 = 0.85, 𝑏𝑙 = 0.15, 𝑏ℎ = 0.4

when 𝜒 lies in the interval 0 ≤ 𝜒 < 1, and 𝑛𝑖0
lies in 0.03 < 𝑛𝑖0 ≤ 1.03 maintaining the charge
neutrality condition with physical feasibility of 𝑛𝑖0
(i.e., 𝑛𝑖0 > 0). It is also observed and concluded that
higher positron concentration (𝜒 ≥ 1) increases the
electron-to-positron density imbalance which might
hinder the formation of small amplitude double lay-
ers. In contrast, 𝜒 < 1 provides a better charge dis-
tribution, favoring the double layer stability. A lower
positron concentration, consistent with the quasi-
neutrality condition, is required for small-amplitude
double layers in our given plasma configuration.

On the other hand, the comparison between two
models for small amplitude double layers may be
described by the general approach. The general ap-
proach involves developing a set of equations for both
isothermal and non-isothermal plasmas, linearizing
these equations, solving for the dispersion relation,
and deriving the conditions under which double layers
are formed. The key differences between the isother-
mal and non-isothermal cases lie in the temperature
profiles of the species, which influence the charge dis-
tribution, potential profile, and the dynamics of the
double layer.

The comparisons of double layers between two-
temperature non-isothermal and isothermal electron
plasmas are largely theoretical. Validation through
experiments or simulations is limited. This theo-
retical comparisons between two-temperature non-
isothermal and isothermal electron plasmas contain-
ing warm positive ions, warm negative ions, and warm
positrons are consistent with simulations, but only
partially validated by experiments. Simulations pro-
vide robust support for these theories, confirming
the predicted differences in ion-acoustic double-layer
properties. Experimental work in this area is ongoing,
but faces significant technical challenges.

5. Conclusions

We have investigated the double-layer profiles
from Sagdeev potential functions 𝜓 (𝜑) & 𝜓1 (𝜑)
against 𝜑 and double-layer solutions 𝜑DL and 𝜑DL1

against 𝜂 for the comparative analysis between two-
temperature non-isothermal [𝜓 (𝜑), 𝜑DL] & isother-
mal [𝜓1 (𝜑), 𝜑DL1

] electron plasmas under variations
of some plasma parameters. The graphical represen-
tations of the Sagdeev potential functions 𝜓 (𝜑) and
𝜓1 (𝜑) against 𝜑 for small-amplitude double layers
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have been observed by many Physicists under vari-
ations of different concerned plasma parameters in
two-temperature non-isothermal and isothermal elec-
tron plasmas. But the comparative studies of the
double layers from Sagdeev potential functions and
double-layer solutions for both two-temperature non-
isothermal and isothermal electron plasmas are not
yet found in any plasma paper and are, therefore,
supposed to be a new findings. From this compari-
son, anyone can get an idea about their amplitudes,
widths, depths of the Sagdeev potential well, en-
ergy level, and behaviour under variations of the con-
cerned parameters like concentrations of positrons
(𝜒), stream velocities of positive (𝑢𝑖0) and nega-
tive (𝑢𝑗0) ions, temperatures of positive (𝜎𝑖) and
negative (𝜎𝑗) ions and concentrations of negative
ions(𝑛𝑗0) . In our model plasma, it is worth to note
that the compressive double layer occurs at 𝑉 =
𝑉𝑑𝑙 = 1.65 which is the upper limit to the soli-
ton velocity range with different amplitudes (𝜑 =
= 𝜑𝑑𝑙 = 𝜑𝑚 or 𝜑𝑚1

) in two-temperature non-
isothermal and isothermal electron plasmas for some
variation of the values of the concerned plasma pa-
rameters. Here, 𝑉𝑑𝑙 and 𝜑𝑑𝑙 are some particular val-
ues of the soliton velocity V and the electrostatic
potential 𝜑 at which double layer occurs. The con-
cerned limiting electrostatic potential 𝜑𝑙𝑝 = 𝜑 =

= 1
2

(︁
𝑉 − 𝑢𝑖0 −

√︁
3𝜎𝑖

𝑛𝑖0

)︁2
for that compressive double

layer, is found in such a way that the condition 𝜑𝑑𝑙 <
< 𝜑𝑙𝑝 is always satisfied, where the density of the pos-
itive ion (𝑛𝑖) is real-valued, which shows the existence
domain of the compressible double layers. But, after
crossing the limiting electrostatic potential (𝜑𝑙𝑝), the
positive ion density (𝑛𝑖) will be complex-valued ev-
erywhere for which no double layers will be observed
there. The concentration of positrons (𝜒) is also an in-
teresting parameter for the formation of double layers
in the given plasma configuration. Theoretical obser-
vations show that the small-amplitude double layers
are formed for 0 ≤ 𝜒 < 1 consistent with the quasi-
neutrality condition in our model, but no double lay-
ers are observed, when 𝜒 > 1. In this context, it is
further mentioned that double layers are often asso-
ciated with strong electric fields and can accelerate
charged particles to high energies. It can also con-
tribute to plasma confinement by forming boundaries
between different plasma regions. This paper likely
focuses on studying the characteristics of double lay-

ers and explores the differences in double-layer struc-
tures in plasma environments with distinct tempera-
ture profiles. The behavior of plasmas under different
temperature conditions is crucial for understanding
the structures in the Earth’s magnetosphere or the so-
lar wind. This study can help us to explain how dou-
ble layers are formed in these environments and influ-
ence phenomena like auroras and solar flares. Again,
double layers in non-isothermal and isothermal con-
ditions could offer insights into the behavior of astro-
physical plasmas around stars, in intersteller space or
in accretion disks around black holes. Actually, the
applications of this research paper are diverse, rang-
ing from improving our understanding of space and
astrophysical plasmas to enhancing fusion technology
and industrial processes. The comparative analysis of
double-layer profiles under different temperature con-
ditions provides valuable insights that can be applied
across various domains in plasma physics.

The future plan of the present author is to find the
comparative analysis of large-amplitude ion-acoustic
double layers for two-temperature non-isothermal
electrons in magnetized and in unmagnetized plas-
mas containing warm negative ions and warm posi-
tive ions.

The present author is very much grateful to the ref-
erees for their valuable guidelines in the improvement
of this work and would like to thank Dr. S.N. Paul for
his valuable suggestions in the preparation of this pa-
per in its present form.
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С.Чаттопадхяй

ПОРIВНЯЛЬНИЙ АНАЛIЗ ПРОФIЛЕЙ
ПОДВIЙНИХ ШАРIВ МIЖ ДВОТЕМПЕРАТУРНОЮ
НЕIЗОТЕРМIЧНОЮ ТА IЗОТЕРМIЧНОЮ
ЕЛЕКТРОННОЮ ПЛАЗМОЮ

Розглядаються подвiйнi шари мiж двотемпературною неiзо-
термiчною та iзотермiчною електронною плазмою. Аналiз
показав залежностi двошарових структур вiд параметрiв
потенцiалу Сагдєєва i профiлiв температур. Отриманi ре-
зультати можуть бути застосованi в рiзних роздiлах теорiї
плазми.

Ключ о в i с л о в а: псевдопотенцiал Сагдєєва, подвiйнi ша-
ри, двотемпературнi неiзотермiчнi та iзотермiчнi електро-
ни, швидкостi потокiв, температури позитивно i негативно
заряджених iонiв, концентрацiї позитронiв i негативно за-
ряджених iонiв.
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