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Using the equation of state of electron-nuclear model at high densities and the mechanical equilibrium equation
we have investigated the influence of interparticle interactions and axial rotation on the macroscopic characteristics
of massive white dwarfs. The method of solving the equilibrium equation in the case of rotation, using the basis
of universal functions of the radial variable has been proposed. The conditions in which the axial rotation can
compensate for weight loss of mass due to the interparticle Coulomb interactions have been established.
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introduction

The discovery of white dwarfs at the beginning of
the XX century [1] gave rise to the problem of the
existence and stability of stars, which do not have
sources of energy. R. Fowler’s idea [7] that the ex-
istence of these objects is due to the pressure of the
degenerate electron gas at high densities of matter
led to formation of an electron-nuclear model. Ac-
cording to the latter, star consists of an ideal de-
generate relativistic electron subsystem in the para-
magnetic state at T = 0K and static nuclear sub-
system, which is considered as a continuous classical
environment [3, 5]. In the framework of this model
the theory of cold white dwarfs was constructed by
S.Chandrasekhar, the main consequences of which
are restrictions on the mass (M ≤ 1.45M⊙) and the
peculiar “mass-radius” relation.

Due to intense observations performed in last cen-
tury, it became known that white dwarfs have the
same diversity of characteristics as the stars of other
luminosity classes. The degeneration of electron sub-
system is the main factor that determines the dwarf’s
electron structure and unites them. However, the
Fowler-Chandrasekhar model is too idealized and
can not explain all the diversity of the observed char-
acteristics. The simplest example is the distribu-
tion of observed dwarfs on the “mass-radius” plane
(see [19]). The important additional factors in for-
mation of the structure of real white dwarfs are devi-
ation from complete degeneration of electrons (finite
temperature effects), Coulomb interparticle interac-
tions, axial rotation, magnetic fields, effects of the
general theory relativity and others. The general-
izations of S. Chandrasekhar’s model, that took into

account some of these factors were proposed in the
following works [9, 11, 14–16, 21].

In particular, R. James in his work [9] was the
first, who showed that the influence of the axial ro-
tation leads to increasing mass and ellipsoidal form
of dwarfs with small and intermediate masses. The
equation of state for electron-nuclear model of mat-
ter taking into account the interparticle interactions
was first obtained by E. Salpeter [14]. In this case,
the correlation energy of electron liquid model in
the non-relativistic approximation and the energy of
electron-nuclear interactions have been calculated in
the Thomas-Fermi approximation. In this work it
was established that the Coulomb interparticle in-
teractions lead to a decrease of pressure of ideal rel-
ativistic electron gas. Due to the existence of dwarfs
with large masses it is vital to perform more precise
calculation of massive white dwarfs’ structure con-
sidering the factors mentioned above. This task is
related to the problem of stability of white dwarfs
and the hypothesis that massive white dwarfs are
precursors of type Ia supernovae.

According to the white dwarfs theory, magnetic
field can influence their characteristics [2, 12]. In
our work we consider non-magnetic massive white
dwarfs, for which an adequate model can be eas-
ily constructed. As it follows from the observa-
tional data (see catalogue of white dwarfs from SDSS
(WDMS) [13]), there are dwarfs with masses close
to the S.Chandrasekhar’s limit. The purpose of our
work is simultaneous consideration the axial rota-
tion and interparticle Coulomb interactions, which
are competing factors in the theory of massive non-
magnetic white dwarfs.

The first section describes a model of non-
∗mvavrukh@gmail.com
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magnetic massive white dwarfs, within which the cal-
culations of characteristics of dwarfs are performed.
In the second section we calculate the equation
of state in a homogeneous model that consists of
fully degenerate relativistic electron gas at T = 0K
in the presence of the static crystal lattice of nu-
clei within the multi-electron quantum-statistical ap-
proach. The obtained equation of state in the lo-
cal approximation is used to write the equilibrium
equation of star in the third section. Influence of
the Coulomb interparticle interactions on the char-
acteristics of a star without rotation are considered
in section fourth. The simultaneous consideration of
the interparticle interactions and rotation are inves-
tigated in the section five. Discussion of the calcula-
tion results and comparison with the observed data
are given in the last section.

the model of massive

non-magnetic white dwarf

It is well known that the S.Chandrasekhar’s
model is two-parametric, here appears the relativis-
tic parameter in stellar center x0 and the chemi-
cal composition parameter µe. By definition x0 =
~kF (0)(m0c)

−1 = ~(3π2n(0))1/3(m0c)
−1, where n(0)

is the number density of electrons in stellar center,
m0 is the electron mass, c is the speed of light. Be-
cause for dwarfs m0c is the momentum scale, then
x0 really reflects the relativistic degree. The param-
eter x0 is used in the theory of white dwarfs, where
x0 & 1. From the definition follows that

x0 =
η

rs
α0,

where α0 is the fine structure constant, η =
(9π/4)1/3, rs is the Wigner-Brueckner parameter

rs =
r0
a0

≡
1

a0

(

4πn(0)

3

)−1/3

,

where a0 is the Bohr radius. In conventional metals,
where is the subsystem of electrons conduction are
degenerate, but non-relativistic, the parameter x0
has an order of α0 for 1.6 ≤ rs ≤ 5.5. Therefore, in
metals, the electron density is represented by the pa-
rameter rs, and in the white dwarfs – by the param-
eter x0, which was introduced by S.Chandrasekhar.
The chemical composition parameter µe = 〈A/z〉 ≈
2.0, (A is the mass number of the nucleus, z is the nu-
clear charge) is the fraction of nuclear mass per one
electron and formed by the full ionization of atom,
which expressed in the atomic units of mass mu.

We consider a model with four independent pa-
rameters x0, µe, z and ω, where ω is the angular
rotation velocity. Here µe, z and ω are considered as
constants (z has the meaning of averaged charge in

the presence of nuclei of various chemical elements).
In the framework of this model, we have calculated
the mass of dwarfs, which are close to the mass of
observed massive dwarfs from WDMS binary cata-
logue [13] (see Table 1). For convenience we used
here the scale of masses and radii:

M0 =

(

3

2

)1/2 1

4π

(

hc

Gm2
u

)3/2

mu =

= 5.740247 · 1033g ≈ 2.88695M⊙, (1)

R0 =

(

3

2

)1/2 1

4π

(

h3

cG

)1/2
1

m0mu
=

= 0.776885 · 109cm ≈ 1.11623 · 10−2R⊙, (2)

where m0 is the electron mass, mu is the atomic mass
unit, c is the speed of light, G is the gravitational
constant. The values of x0 in Table 1 were found by
solving the inverse problem – finding the parameters
of S. Chandrasekhar’s model using the observed radii
and masses.

Table 1: The characteristics of massive white dwarfs
from WDMS binary catalogue [13] and the relativistic
parameter x0 in the standard S. Chandrasekhar’s model.

Number R/R0 4M/M0 Teff x0

64 0.44934 1.74596 16340 5.0087

1378 0.44934 1.75984 30071 5.0323

739 0.43234 1.76676 13857 5.2869

1391 0.42159 1.78756 16525 5.4904

1581 0.40548 1.8014 10189 5.7829

219 0.40101 1.81112 14472 5.8810

190 0.39385 1.81528 11433 6.0200

957 0.33924 1.88456 10793 7.3809

297 0.31776 1.9192 16836 8.0756

2195 0.30702 1.93996 11173 8.4718

33 0.27927 1.96768 13745 9.5720

the equation of state of

homogeneous electron-nuclear

model

As usual, we consider a homogeneous model con-
sisting of Ne electrons and Nn = Ne/z nuclei with
charge z in the volume V in the thermodynamic limit
Ne, Nn → ∞, V → ∞, Ne/V = const at absolute
zero temperature, because the temperature effects
are insignificant for massive white dwarfs. Static nu-
clei form a crystal lattice. This model corresponds
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to the Hamiltonian

Ĥ = Ĥ0 +
1

2V

∑

q 6=0

Vq
∑

k1,k1

∑

s1,s1

a+k1+q,s1
a+k2−q,s2

·

· ak2,s2ak1,s1 −
z

V

∑

q 6=0

VqS−q

∑

k,s

a+
k+q,sak,s+

+
z2

2V

∑

q 6=0

Vq{SqS−q −Nn}, (3)

where
Ĥ0 =

∑

k,s

Eka
+
k,sak,s

is the Hamiltonian of an ideal model of relativis-
tic electrons, Ek = {(m0c

2)2 + (~kc)2}1/2 − m0c
2,

a+k,s(ak,s) are the creation and annihilation operators

of electrons on the basis of plane waves (k,q are the
wave vectors, s are the spin variables), Vq = 4πe2/q2

is the Fourier representation of Coulomb potential,

Sq =
Nn
∑

i=1
exp[i(q,Rj)] is structure factor of nuclear

subsystem, Rj is the radius-vector of j-th nucleus.
The considering model is electroneutral, therefore in
the sum q there are no components with q = 0. For
the calculation of model energy (Eq. (3)) we have
used the perturbation theory by powers of the op-
erator of electron-nuclear interactions with the elec-
tron fluid model (the first two terms in Eq. (3)) as a
zero approximation (basis model). The model energy
(Eq. (3)) has the following representation [17]:

E(x|z) = Ee(x) +
z2

2V

∑

q 6=0

VqSqS−q −Nn−

−
∑

n≥2

zn

n!V n

∑

q1,...,qn 6=0

Vq1
Vq2

. . . Vqn
δq1+...+qn,0

·

· µn(q1, . . . ,qn)Sq1
. . . Sqn

, (4)

where Ee(x) is the energy of ground state of the basis
model and µn(q1, . . . ,qn) are the static correlation
n-particles functions of this model (statistic averages
of the products of electron density operators). They
are expressed by analogous correlation functions of

the model of an ideal electron gas µ
(0)
n (q1, . . . ,qn)

and the local field correction function (see [17, 18]).
Since µn(q1, . . . ,qn) ∼ Nex

n−1(~2k2F /2m0)
1−n in

the relativistic region, the n-th term in Eq. (4) has
the order Nem0c

2αn
0x, where α0 is the fine structure

constant. This allows to consider only first terms of
the series.

The energy of the basis model has a traditional
representation [17]:

Ee(x) = Nem0c
2{ε0(x)+α0εHF (x)+α

2
0εc(x)}, (5)

where

ε0(x) = (1 + x2)1/2 − 1− (2x)−3F(x), (6)

F(x) = x(2x2 − 3)(1 + x2)1/2+

+ 3 ln[x+ (1 + x2)1/2] (7)

is the contribution of the kinetic energy of electrons
per particle in units m0c

2, α0εHF is the contribution
of inter-electron interactions in the first order of per-
turbation theory (εHF (x) = −3x/4π) and α2

0εc(x) is
the so-called correlation energy in the same normal-
ization. It is calculated numerically and represented
by the following approximation [17]:

εc(x) = −
b0
2

x
∫

0

b1a+ t1/2

t3/2 + tb1a+ t1/2b2a2 + b3a3
×

×
1 + a1t+ a2t

2

1 + d0t
dt, (8)

where a = (α0η)
1/2, η = (9π/4)1/3, a1 = 2.25328,

a2 = 4.87991, d0 = 0.924022, b0 = 0.0621814,
b1 = 9.81379, b2 = 2.82214, b3 = 0.69699. All terms
in Eq. (5) have linear asymptotic behavior with re-
spect to the parameter x in the relativistic region
(x ≥ 1).

Electrostatic energy of static point nuclei, which
compose a crystal lattice when a negative compen-
sating background is present (the second term in
Eq. (4)), has been calculated using the Ewald-Fuchs
method [6, 8] as follows:

EL(x|z) = −
Nnα

2r0
z2e2 = −Nem0c

2 α

2η
α0xz

2/3, (9)

where r0 = (3V/4πNn)
1/3, and α is the Madelung

constant for a lattice of this type. We performed
calculations for the volumetric cubic lattice (α =
1.79186).

Since Sq = Nn
∑

l 6=0 δq,Kl
, the calculation of the

so-called energy of the band structure (third term
in Eq. (4)) reduces to the calculation of sums for
nonzero vectors of the inverse lattice Kl (see [10]).
In the approximation of two-electron correlations

−
z2

2!V 2

∑

q 6=0

V 2
q µ2(q,−q)SqS−q =

= Nem0c
2α2

0z
4/3ε2(x|z),

and the results of numerical calculations for the vol-
umetric cubic lattice can be approximated by expres-
sion

ε2(x|z) = z1/6ε2(x),
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ε2(x) = −{c0 + c1x+ c2x
2}{1 + d1x}

−1,

where c0 = 0.10582, c1 = 0.11136, c2 = 0.15535,
d1 = 1.29493.

As can be seen in Eq. (5-9), all contributions to
energy due to the Coulomb interactions are negative,
which also leads to the ideal electron gas pressure de-
crease, because

P (x|z) = −
dE(x|z)

dV
=
x4

Ne

(m0c

~

)3 1

9π2
dE(x|z)

dx
=

=
πm4

0c
5

3h3
{F(x) − f(x|z)} , (10)

f(x|z) = α0x
4

{

2

π
+

4α

3η
z2/3−

−
8

3
α0

[

dεc(x)

dx
+ z4/3

dε2(x|z)

dx

]}

. (11)

Here dεc(x)/dx,dε2(x)/dx < 0 and have the same
order of magnitude. Despite the differences in ap-
proach and other approximations (correlation energy
in the non-relativistic approximation, the Thomas-
Fermi equation for accounting electron-nuclear inter-
actions, etc.) with E. Salpeter, our calculated expres-
sion for pressure is close to one found in the work [14].

the general relations

The internal structure of a star with axial rota-
tion is determined by the equilibrium equation [20]

∇P (r) = −ρ(r)∇{Φgrav(r) + Φc(r)} ,

where

Φgrav(r) = −G

∫

ρ(r′)dr′

|r− r′|
,

Φc(r) = −
1

2
ω2r2 sin2 θ

are the gravity and centrifugal potentials, P (r) is the
local pressure, θ and ω are the polar angle and con-
stant angular velocity, respectively. The density of
matter ρ(r) is expressed in terms of the local value
of the relativistic parameter x(r),

ρ(r) = muµen(r) =
muµe
3π2

x3(r)
(m0c

~

)3
,

x(r) =
~

m0c
(3π2n(r))1/3.

where n(r) is the number density of the electrons in
the point r.

To describe the star we used Eq. (10) and (2) in
the local approximation by replacing x with its lo-
cal value x(r). In the dimensionless form ξ = r/λ,

Y (ξ, θ) = ε−1
0 {[1 + x2(r)]1/2 − 1}, ε0 ≡ ε0(x0) =

[1 + x20]
1/2 − 1, x0 ≡ x(0), the equilibrium equation

reduces to the differential equation

∆(ξ, θ)Y (ξ, θ) = Ω2 − Γ3(ξ, θ)+

+ ϕ1(ξ, θ|z)∆(ξ, θ)Γ(ξ, θ) + ϕ2(ξ, θ|z)×

×

{[

∂

∂ξ
Γ(ξ, θ)

]2

+
1− t2

ξ2

[

∂

∂t
Γ(ξ, θ)

]2}

. (12)

To simplify the expression the following notations
were used:

Γ(ξ, θ) =

[

Y 2(ξ, θ) +
2

ε0
Y (ξ, θ)

]1/2

, (13)

ϕ1(ξ, θ|z) = (2x)−3 df(x|z)

dx

∣

∣

∣

∣

x=x(ξ,θ)

, (14)

ϕ2(ξ, θ|z) =
ε0
8

d

dx

{

1

x3
df(x|z)

dx

} ∣

∣

∣

∣

x=x(ξ,θ)

, (15)

Ω2 = 2
ω2muµeλ

2

m0c2ε0
, (16)

x(ξ, θ) = ε0Γ(ξ, θ), (17)

∆(ξ, θ) = ∆ξ +
1

ξ2
∆θ, (18)

where

∆ξ =
1

ξ2
∂

∂ξ

(

ξ2
∂

∂ξ

)

, ∆θ =
∂

∂t

(

1− t2
) ∂

∂t
, t = cos θ.

In Eq. (13-18) parameter Ω is the dimensionless
angular velocity of axial rotation, ∆ξ is the radial
component of Laplace operator in the dimension-
less variables ξ and ∆θ is the angular component
of Laplace operator. The scale λ is determined by
the expression

32π2G

3(hc)3
(muµem0c

2λε0)
2 = 1.

Eq. (12) contains two independent parameters
x0, Ω, z and, in partial derivatives, satisfies the
boundary conditions Y (0, θ) = 1, ∂Y (ξ, θ)/∂ξ =
0 at ξ = 0. In order to highlight the analytical de-
pendence on the relativistic parameter in stellar cen-
ter we have introduced an approximate solution of
Eq (12). Let us consider Eq. (12) without rotation,
setting Ω = 0 and replacing Y (ξ, θ) with the func-
tion y(ξ) according to the spherical symmetry of the
problem.
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influence of the interparticle

interactions

The function y(ξ) satisfies the one-dimensional
differential equation

∆ξy(ξ) = −[γ(ξ)]3 + ϕ1(ξ|z)∆ξγ(ξ)+

+ ϕ2(ξ|z)

{

d

dξ
γ(ξ)

}2

, (19)

where γ(ξ) =
{

y2(ξ) + 2y(ξ)ε−1
0

}1/2
. In Eq. (19), x0

and z are the parameters and their functions ϕi(ξ|z)
are determined by Eq. (13-18), where one should
make a replacement x → ε0γ(ξ). Regular solu-
tions of the equation satisfy the conditions y(0) = 1,
y′(0) = 0. The condition y(ξ) = 0 determines
the dimensionless radius of a star ξ1(x0|z). Setting
ϕ1 = ϕ2 = 0 the equation becomes one-parametrical
equilibrium equation of S.Chandrasekhar’s model (a
standard model). The solutions of Eq. (19) were
found numerically. The dependence ξ1(x0|z) on the
parameters x0 and z is shown in Table 2, where di-
mensionless radius of a star in the standard model
ξ1(x0) is given for comparison. As can be seen
from Table 2, accounting for interactions leads to the
decrease of radius {ξ1(x0) − ξ1(x0|z)}(ξ1(x0))

−1 by
0.7% at z = 2, 1.2% at z = 6, 1.85% at z = 12 and
3% at z = 26.

Table 2: Dependence of the dimensionless radius
ξ1(x0|z) on the parameters x0 and z (ξ1(x0) corresponds
to the standard model).

x0 ξ1(x0)
ξ1(x0|z)

z = 2 z = 6 z = 12 z = 26

1.0 1.03401 1.00101 0.98801 0.97401 0.94801

3.0 2.78201 2.74601 2.72401 2.70001 2.65601

5.0 3.70701 3.67001 3.64501 3.61701 3.56601

10.0 4.82801 4.79101 4.76401 4.73301 4.67601

15.0 5.35801 5.32201 5.29401 5.26301 5.20301

20.0 5.67001 5.63501 5.60701 5.57501 5.51501

30.0 6.02401 5.98901 5.96101 5.92901 5.86901

In this model the mass and radius of a star are
determined by the expressions:

✿

M(x0|µe|z) =
M0

µ2e
M(x0|z),

R(x0|µe|z) =
R0

µe

ξ1(x0|z)

ε0
,

M(x0|z) =

ξ1(x0|z)
∫

0

ξ2
{

y2(ξ) +
2

ε0
y(ξ)

}3/2

dξ,

where the mass and radius scales are determined by
Eq. (1) and (2).

The dependence M(x0|z) on the parameters x0
and z and the dimensionless mass M(x0) in the
standard model are given in Table 3. The relative
decrease of the mass induced by the influence of in-
teractions {M(x0)−M(x0|z)}(M(x0))

−1 is approxi-
mately 1.4% at z = 2, 2.7% at z = 6, 4.1% at z = 12,
7% at z = 26 in the region x0 ≥ 10 (see Table 3).

For intermediate and large values of the rela-
tivistic parameter the function f(x|z) is approxi-
mately proportional to x4, consequently the expres-
sion x−3df/dx is close to the constant value and its
derivative over x is very small. This gives the oppor-
tunity to get an approximate estimate of the dwarf’s
characteristics without solving Eq. (19) numerically.
In the core of the massive dwarf x(r) is very close to
the value x0, the expression x−3(r)df(x(r))/dx(r)
can be approximately replaced by the ϕ1(x0|z) =
df(x0|z)/dx0. We have made sure that such replace-
ment does not lead to a significant loss of accuracy.

influence of the interparticle

interactions and axial rotation

In the case Ω 6= 0 Eq. (12) can be substantially
simplified by neglecting the multiplier ϕ2(ξ, θ|z),
and replacing the term proportional to ϕ1(ξ, θ|z) by
ϕ1(x0|z)∆(ξ, θ)Y (ξ, θ). One can introduce the di-

mensionless radial coordinate ξ̃ = r/λ̃, where λ̃ is
determined by the equation

32π2G

3(hc)3
(muµem0c

2ε0λ̃)
2 = 1− ϕ1(x0|z),

then Eq. (12) takes the form

∆(ξ̃, θ)Ỹ (ξ̃, θ) = Ω̃2−

−

{

Ỹ 2(ξ̃, θ) +
2

ε0
Ỹ (ξ̃, θ)

}3/2

, (20)

Ω̃2 =
2ω2muµe
m0c2ε0

λ̃2 = (1− ϕ1(x0|z))Ω
2. (21)

Formally, Eq. (20) and (21) coincides with the
equilibrium equation of the white dwarf with axial
rotation in the standard model, written in the di-
mensionless form. The solution of Eq. (12) is

Y (ξ, θ) ≈ Y (ξ̃k, θ),

where Ỹ (ξ̃, θ) is the solution of Eq. (20) and (21), and

k = [1 − ϕ1(x0|z)]
1/2. In the case of massive white

dwarf Eq. (20) and (21) have two small parameters –

Ω̃ and ε−1
0 = [(1+x20)

1/2 − 1]−1. In the limit Ω̃ → 0,
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Table 3: Dependence of the dimensionless mass M(x0|z) on the parameters x0 and z (M(x0) corresponds to the
standard model).

x0 M(x0)
M(x0|z)

z = 2 z = 6 z = 12 z = 26

1.0 0.707066 0.689037 0.673304 0.65581 0.624491

3.0 1.51862 1.49465 1.47331 1.44912 1.4045

5.0 1.76395 1.73843 1.71573 1.68996 1.64222

10.0 1.93284 1.90633 1.88277 1.85599 1.80626

15.0 1.97619 1.94943 1.92567 1.89863 1.84839

20.0 1.99337 1.96651 1.94268 1.91554 1.86508

30.0 2.00665 1.97972 1.95583 1.92861 1.87795

x0 → ∞ Eq. (20) and (21) transform to the equation

of the polytropic model with index n = 3. At Ω̃ 6= 0
and x0 → ∞ Eq. (20) and (21) describe the equilib-
rium in a polytropic model (with index n = 3) of a
white dwarf, rotating with constant angular velocity
ω. Therefore the solution of Eq. (20) and (21) in the
case of massive dwarfs can be represented in the form

Ỹ (ξ, θ) = y(ξ|x0)+

+ Ω̃2{Ψ0(ξ|x0) + P2(cos θ)Ψ2(ξ|x0)}, (22)

where y(ξ|x0) is the solution of the equilibrium equa-
tion for the white dwarf in the standard model,
P2(cos θ) is Legendre polynomial and the functions
Ψ0(ξ|x0) and Ψ2(ξ|x0) are the expansions in powers
of the small parameter ε−1

0 :

Ψ0(ξ|x0) = ψ0,0(ξ) +
∑

l≥1

ψl,0(ξ)ε
−l
0 (x0),

Ψ2(ξ|x0) = Aψ0,2(ξ) +
∑

l≥1

ψl,2(ξ)ε
−l
0 (x0).

The functions ψl,0(ξ) and ψl,2(ξ) at l ≥ 1, which are
the solutions of the system of linear inhomogeneous
one-dimensional differential equations of the variable
ξ, were found in this work by numerical integration.
The functions ψ0,0(ξ) and Aψ0,2(ξ) were calculated
in [4].

The conditions Ỹ (ξ, π/2) = 0, ∂Ỹ (ξ, π/2) /∂ξ =
0 determine the maximal value of the angular ve-
locity Ω̃max(x0) and corresponding maximal value
of the dimensionless equatorial radius ξmax

e (x0). At

Ω̃ > Ω̃max the stability of a star is disturbed in the
vicinity of the equator and the function Ỹ (ξ, θ) be-
comes a non-monotonous function of ξ. The root of
the equation Ỹ (ξ, θ) = 0 at Ω̃ < Ω̃max determines

the shape of a star ξ1(θ) ≡ ξ1(θ|x0, Ω̃). The depen-

dence Ω̃2
max on the relativistic parameter x0, as well

as the equatorial ξe(x0|Ω̃
2
max) and polar ξp(x0|Ω̃

2
max)

radii as the functions of x0 are given in Table 4.

Table 4: Dependence of the maximal value of parameter
Ω̃2 on the parameter x0, corresponding dimensionless
equatorial and polar radii, as well as the dimensionless
radius of the dwarf without rotation ξ1(x0).

x0 Ω̃2

max ξ1(x0) ξe(x0|Ω̃
2

max) ξp(x0|Ω̃
2

max)

6.0 0.0164 4.023 5.401 3.801

8.0 0.0119 4.493 6.001 4.271

10.0 0.00972 4.828 6.461 4.591

15.0 0.00733 5.358 7.231 5.111

20.0 0.00632 5.670 7.651 5.421

25.0 0.00579 5.887 8.021 5.631

The approximate solution of Eq. (12) has been
obtained by replacing ξ → kξ in Eq. (22), where
k = [1 − ϕ1(x0|z)]

1/2. Therefore, the mass of white
dwarf in a model with interactions is determined by
the expressions

M(x0, µe, z, ω) =
M0

µ2e
(1− ϕ1(x0|z))

3/2M(x0|Ω̃),

M(x0|Ω̃) =

=

1
∫

0

dt

ξ1(θ|x0,Ω̃)
∫

0

ξ2
{

Ỹ 2(ξ, θ) +
2

ε0
Ỹ (ξ, θ)

}3/2

dξ.

The dependence on the x0 of the maximal
mass with rotation (but without the interactions)

M(x0, Ω̃max) and the mass in the model with rota-
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tion and interactions [1 − ϕ1(x0, z)]
3/2M(x0, Ω̃max)

are given in Table 5.

Table 5: Dependence of the dimensionless dwarf’s mass
on the parameter x0 in different approximations.

x0 M(x0, Ω̃max)
(1− ϕ1(x0, z))

3/2M(x0, Ω̃max)

z = 2 z = 12 z = 26

5.0 1.863482 1.838623 1.792012 1.747669

7.0 1.968121 1.941846 1.892602 1.845721

10.0 2.033656 2.006491 1.955589 1.907083

15.0 2.068962 2.041313 1.989509 1.940093

20.0 2.081174 2.053355 2.001235 1.951486

30.0 2.088186 2.060267 2.007960 1.957998
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Fig. 1: Dependence of the dimensionless dwarf’s mass
on nuclear charge z at x0 = 20 (curve 1 corresponds to
the model with the interparticle interactions and max-
imal rotation velocity, curve 2 illustrates mass depen-
dence of dwarf without rotation, curve 3 – result of
S. Chandrasekhar’s model).

conclusions

The main factor of formation of non-magnetic
white dwarfs is the degeneration of electron
subsystem which limits their maximal mass
(S.Chandrasekhar’s limit Mmax = µ−2

e M0 ·2.01824).
Among additional factors there are two the most
important – the interparticle interactions and axial
rotation. These factors are competing ones and
change S.Chandrasekhar’s limit. The latter be-
comes the function of chemical composition and
maximal rotation velocity, which in term depends
on x0 and z. Rotation of dwarf leads to increase
of its mass and gaining the ellipsoidal configura-
tion. The deviation of polar and equatorial radii in
S.Chandrasekhar’s model increases with increasing
relativistic parameter in stellar center x0. The in-

terparticle interactions cause the mass decrease and
ellipsoidal shape of dwarf. In this approach, in con-
trast to S.Chandrasekhar’s model, the influence of
the chemical composition reveals itself. This can be
seen in Fig. 1, were the dependence of dwarf’s mass
on maximal rotation velocity is shown for the case
x0 = 20. The axial rotation can partially (depend-

ing on the value Ω̃) compensate the influence of the
interparticle Coulomb interactions at z . 15. In this
case the dwarf mass can exceed S.Chandrasekhar’s
limit. In the region z > 15 this compensation is gen-
erally impossible, so the masses of such dwarfs can
not exceed this limit. Our results are in good agree-
ment with the results obtained from observations in
Table 1. For example, as can be seen from Table 5,
mass of a dwarf in the model with x0 = 10 varies
from 2.006491 for z = 2 to 1.955589 for z = 12,
which agrees with mass of dwarf with number 33
from Table 1.
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