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Abstract We investigate the notion of complexity as
defined by Herrera et al. (Phys Rev D 97:044010, 2018) for a
star undergoing dissipative collapse in the presence of shear.
We adopt a perturbative scheme which tracks the onset of
collapse from an initially static configuration described by
the Bowers–Liang model. The complexity for the initially
static configuration is driven solely by the anisotropy and
grows as the difference in the radial and tangential stresses
grow. As the star loses equilibrium and transits into a dissipa-
tive collapse phase, the dynamical complexity is enhanced by
contributions from the anisotropy and density inhomogene-
ity. The novelty of our work highlights the impact of pressure
anisotropy and density inhomogeneity to the evolution of the
complexity factor as a self-gravitating body evolves from an
initially complexity-free and static regime into a dynamical
radiating stellar object in the presence of shear.

1 Introduction

The end-states of continued gravitational collapse have occu-
pied the minds of researchers since the seminal paper by
Oppenheimer and Snyder [2]. In their work, they considered
the gravitational contraction of an ideal body with vanishing
pressure in the interior and zero flux to the exterior spacetime.
The discovery of the Vaidya solution [3] enabled researchers
to model dissipative collapse in which the exterior spacetime
was nonempty. The matching conditions for the smooth link
up between the interior and exterior spacetimes was derived
by Santos [4] for a shear-free matter distribution undergoing
nonadiabatic collapse and dissipating energy in the form of
a radial heat flux. Over the past three decades, the study of
radiating stars has rewarded us richly with the understanding
of the underlying physics such as the impact of dissipation,
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pressure anisotropy, shear and charge on the final outcome
of the collapse process. Many of these toy models serve as
a first approximation to more complicated numerical self-
gravitating objects. Early models of radiative collapse incor-
porated pressure isotropy and the shear-free condition. The
seminal work of Bowers and Liang [5] highlighted the effects
of pressure anisotropy within stellar objects. They demon-
strated that the inclusion of pressure anisotropy impacts on
regularity, stability and causality. Herrera [6] demonstrated
the instability of the pressure isotropy condition in which it
was shown that an initial isotropic pressure profile will evolve
into an anisotropic regime as the gravitating body leaves a
state of quasi-static equilibrium. There has been an exponen-
tial increase in the number of stellar models with anisotropic
pressure profiles in both the static and dynamic regimes [7–
11]. There are novel approaches to incorporate anisotropy in
stellar models, some of which include gravitational decou-
pling, shear, particle production, neutrino helicity, bulk vis-
cosity, amongst others [12–27]. The notion of complexity
within the context of stellar structure and evolution was intro-
duced by Herrera and co-workers as early as 2010 within the
context of dissipative collapse [28]. In a spherically sym-
metric static self-gravitating body, it was shown via a com-
bination of scalars arising from the Riemann tensor and its
contractions that the notion of complexity depends on the
interplay between pressure anisotropy and density inhomo-
geneity [29]. The simplest system characterising vanishing
complexity is one with simultaneous pressure isotropy and
homogeneous density. Herrera showed that alternative sce-
nario to vanishing complexity in nondissipative systems is
when the pressure anisotropy balances out the density inho-
mogeneity. The condition of vanishing complexity leads to
a quadrature which relates the two metric functions [30].
This condition has been widely exploited in the literature
to construct stellar models with anisotropic pressure profile.
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Complexity in radiating stars has been studied in the liter-
ature but has mainly been restricted to shear-free collapse
[31,32]. Investigations on the role of shear and its link to
complexity have been presented by Herrera and his collabo-
rators [33,34]. The difficulty in obtaining exact solutions of
the Einstein field equations describing shearing, dissipative
collapse is linked to solution of the boundary condition which
encodes the temporal behaviour of the model. There have
been various approaches to solving the boundary condition
for a collapsing radiating star with a Vaidya exterior. Some of
these include adhoc approaches, Lie symmetries, perturba-
tive schemes, amongst others [35–37]. Recently, Govender
et al. employed a perturbative scheme to model shear-free,
dissipative collapse and addressed the evolution of complex-
ity [38]. In this paper we extend these results to include the
effects of shear via a novel approach centered on the Bowers–
Liang’s generalisation of the Schwarzschild uniform density
sphere. This paper is structured as follows: in Sect. 2 the field
equations describing the geometry and matter content for a
radiating star are presented. In Sect. 3 the junction conditions
required for the smooth matching ogf the interior spacetime
to Vaidya’s outgoing metric is given. In Sect. 4 the perturba-
tive scheme is presented together with the perturbed equa-
tions governing the initially static configuration and the col-
lapsing core. In Sect. 5 we introduce the static model which
is described by the Bowers and Liang solution. In Sect. 6 the
notion of complexity for stellar systems is revealed and we
show for the first time the bifurcation of the complexity factor
into static and nonstatic components. In Sect. 7 we provide an
analysis of our results for a collapsing core whose precursor
is described by the initially static Bower–Liang model.

2 Interior spacetime

We begin with the most general spherically symmetric line
element

ds2 = −A(r, t)2dt2 + B(r, t)2dr2 + Y (r, t)2[r2dΩ2], (1)

where dΩ2 = dθ2 + sin2 θdφ2 and the functions (A, B,Y )

represent the potentials [39]. The matter content for the inte-
rior is described (in geometrized units) by

T−
αβ = (ρ + Pt )VαVβ + Pt gαβ + (Pr − Pt )χαχβ + qαVβ

+qβVα, (2)

where ρ represents the energy density, Pr the radial pressure,
Pt the tangential pressure and qα the heat flux vector. The
fluid four-velocity (V α), radial unit four-vector (χα) and the
heat flux (qα) must satisfy the following conditions:

VαV
α = −1, χαχα = 1, χαVα = 0 , Vαq

α = 0.

(3)

The collapse rate and the fluid four-acceleration are given by

Θ = V α;α, aα = Vα;βV β, (4)

and the shear tensor σαβ by

σαβ = V(α;β) + a(αVβ) − 1

3
Θ(gαβ + VαVβ). (5)

For the comoving line element (1), the fluid four-velocity
(V α) and the radial unit four-vector (χα) are given respec-
tively by:

V α = A−1δα
0 , χα = B−1δα

1 . (6)

The heat flow vector qα takes on the form

qα = (0, q1, 0, 0) (7)

since Vαqα = 0 ensures radial heat flow. Using (4) with (6)
yields the four-acceleration and its magnitude (scalar) in the
form

a1 = A′

A
, aαaα =

(
A′

AB

)2

, (8)

and for the collapse rate we get

Θ = 1

A

(
Ḃ

B
+ 2

Ẏ

Y

)
, (9)

where dots and primes denote differentiation with respect to
t and r respectively. With the aid of (5) and (6) we obtain the
following nonzero components for the shear

σ11 = 2

3
B2σ, σ22 = σ33 sin−2 θ = −1

3
Y 2σ, (10)

where

σ = 1

A

(
Ḃ

B
− Ẏ

Y

)
, (11)

and the shear scalar is of the form

σαβσαβ = 2

3
σ 2. (12)

For a shearing, radiating matter distribution the Einstein
field equations are given by

ρ = 1

A2

(
2
Ḃ

B
+ Ẏ

Y

)
Ẏ

Y

− 1

B2

[
2
Y ′′

Y
+

(
Y ′

Y

)2

− 2
B ′

B

Y ′

Y
−

(
B

Y

)2
]

, (13)

pr = − 1

A2

[
2
Ÿ

Y
−

(
2
Ȧ

A
− Ẏ

Y

)
Ẏ

Y

]

+ 1

B2

(
2
A′

A
+ Y ′

Y

)
Y ′

Y
− 1

Y 2 , (14)

pt = − 1

A2

[
B̈

B
+ Ÿ

Y
− Ȧ

A

(
Ḃ

B
+ Ẏ

Y

)
+ Ḃ

B

Ẏ

Y

]
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+ 1

B2

[
A′′

A
+ Y ′′

Y
− A′

A

B ′

B
+

(
A′

A
− B ′

B

)
Y ′

Y

]
,

(15)

q1B = 2

AB

(
Ẏ ′
Y

− Ḃ

B

Y ′

Y
− Ẏ

Y

A′

A

)
. (16)

In the above, ρ, pr , pt and q1 are the energy density, radial
pressure, tangential pressure and radial heat flux respectively.

3 Junction conditions

The exterior spacetime, which is a null atmosphere, is appro-
priately described by the Vaidya solution [3] which is given
by

ds2 = −
(

1 − 2m(v)

R

)
dv2 − 2dvdR + R2(dθ2

+ sin2 θdφ2), (17)

in the coordinates xi = (v,R, θ, φ), where m(v) represents
the Newtonian mass of the gravitating object as measured by
an observer positioned at infinity.

In order to complete our model we employ the set of shear-
ing junction conditions utilized by Reddy et al. [39] based on
the pioneering work of Santos [4]. This approach does lead
to a viable physical model.

The first set of junction conditions are obtained by match-
ing the metric (1) describing the interior spacetime with the
Vaidya exterior metric (17). These are given by

A(t, rΣ)dt =
(

1 − 2m(v)

RΣ

+ 2
dRΣ

dv

) 1
2

dv, (18)

Y (t, rΣ) = RΣ(v). (19)

The second set of junction conditions are obtained by match-
ing the extrinsic curvature of the exterior spacetime to that
of the interior, and are given by

m(v) =
[
Y

2

(
1 + Ẏ 2

A2 − Y
′ 2

B2

)]
Σ

, (20)

and(
pr

)
Σ

=
(
q1B

)
Σ

, (21)

where m(v) is the collective gravitational mass held within
the hypersurface Σ . Substituting pr from (28) and q1B0 from
(41) into junction condition (22) we obtain a differential
equation describing the temporal evolution of the collapse
process given by

αΣT − T̈ = 2βΣ Ṫ = φ > 0, (22)

which holds at the boundary r = rΣ .

Solutions that satisfy (22) include functions that are expo-
nential as well as oscillatory. We consider an exponentially
decaying function which represents an initially static system
at t = −∞, ie. T (−∞) = 0. The system is then perturbed,
and undergoes exponential decay as t → 0. This behaviour
is ensured if αΣ > 0 and βΣ ≤ 0. The temporal evolution
of our model is then given by

T (t) = −T0 exp [φt] . (23)

Since the star is collapsing, we require Ṫ < 0.

4 Perturbative approach

We assume that the metric functions A(t, r), B(t, r) and
Y (t, r) have the same time dependence in the perturbation.
The metric functions and material functions are given by

A(t, r) = A0(r) + λT (t)a(r), (24)

B(t, r) = B0(r) + λT (t)b(r), (25)

Y (t, r) = Y0(r) + λT (t)y(r), (26)

ρ(t, r) = ρ0(r) + λρ(t, r), (27)

pr (t, r) = pr0(r) + λpr (t, r), (28)

pt (t, r) = pt0(r) + λpt (t, r), (29)

m(t, r) = m0(r) + λm(t, r), (30)

q1(t, r) = λq1(t, r), (31)

YT F (t, r) = YT F0(r) + λY T F (t, r), (32)

where 0 < λ � 1, is a constant. The zero subscript is asso-
ciated with the static fluid configuration and the over bar
denotes the perturbed quantities.

The perturbative scheme presented here has been used by
several investigators to study the evolution of collapsing stars
in the presence of heat dissipation with and without shear[40–
42]. Applying the perturbative framework (24)–(31) to (13)–
(16) we obtain the static configuration given by

ρ0 = − 1

B2
0

(
2Y0

′′

Y0
+ Y0

′2

Y 2
0

− 2Y ′
0B

′
0

Y0B0
− B2

0

Y 2
0

)
, (33)

pr0 = 1

B2
0

(
2A′

0Y
′
0

A0Y0
+ Y ′

0
2

Y 2
0

− B2
0

Y 2
0

)
, (34)

pt0 = 1

B2
0

[
A′′

0

A0
+ Y ′′

0

Y0
− A′

0B
′
0

A0B0
+ Y ′

0

Y0

(
A′

0

A0
− B ′

0

B0

)]
, (35)

m0 = Y0

2

[
1 −

(
Y ′

0

B0

)2 ]
, (36)

and the perturbed quantities

ρ = − 2bTρ0

B0
− 2T

B0
2

[(
y

Y0

)′′
− 1

Y0

(
b

B0

)′
−

(
B′

0
B0

− 3

Y0

)
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×
(

y

Y0

)′
−

(
B0

Y0

)2(
b

B0
− y

Y0

)]
, (37)

pr = − 2pr0bT

B0
− 2T̈ y

A2
0Y0

+ 2T

Y0B
2
0

[
Y ′

0

(
a

A0

)′
+

(
y

Y0

)′

×
(
Y ′

0 + A′
0Y0

A0

)
− B2

0
Y0

(
b

B0
− y

Y0

)]
, (38)

pt = − 2bT pt0
B0

− T̈

A2
0

(
b

B0
+ y

Y0

)
+ T

B2
0

[(
y

Y0

)′′
+

(
a

A0

)′′

+
(

2A′
0

A0
− B′

0
B0

+ Y ′
0

Y0

)(
a

A0

)′
−

(
A′

0
A0

+ Y ′
0

Y0

)(
b

B0

)′

+
(
A′

0
A0

− B′
0

B0
+ 2Y ′

0
Y0

)(
y

Y0

)′ ]
, (39)

m̄(r, t) = − T

B2
0

[
Y0

(
y′Y ′

0 − bY ′2
0

B0

)
+ 1

2
y
(
Y ′2

0 − B2
0

)]
, (40)

q1B0 = − 2Ṫ

A0B0

[
bY ′

0
B0Y0

+ y

Y0

(
A′

0
A0

− Y ′
0

Y0

)
−

(
y

Y0

)′ ]
, (41)

σ̄ (r, t) = Ṫ

A0

[
b

B0
− y

Y0

]
, (42)

We can write (38) in the form

pr = −2pr0bT

B0
+ 2y

A0
2Y0

(αT − T̈ ), (43)

where

α(r) = A2
0

yB2
0

[
Y ′

0

(
a

A0

)′
+

(
y

Y0

)′
×

(
Y ′

0 + A′
0Y0

A0

)

− B2
0

Y0

(
b

B0
− y

Y0

)]
. (44)

We can also write (41) as

q1B0 = 4yβ

A0
2Y0

Ṫ , (45)

where

β(r) = A0Y0

2B0y

[
− bY ′

0

B0Y0
− y

Y0

(
A′

0

A0
− Y ′

0

Y0

)
+

(
y

Y0

)′ ]
.

(46)

Substituting pr from (28) andq1B0 from (41) into junction
condition (21) we obtain a differential equation describing
the temporal evolution of the collapse process given by

αΣT − T̈ = 2βΣ Ṫ > 0, (47)

which holds at the boundary r = rΣ .

5 The Bowers–Liang static configuration

We take the interior static solution to be the Bowers–Liang [5]
model with constant density. This model is the generalisation
of the interior Schwarzschild solution to include anisotropic

pressures. The Bowers and Liang model has been used exten-
sively to investigate the role played by local anisotropy
in highly dense matter distributions typically of the order
of 1015g cm−3. If we denote the fractional anisotropy by
Δ f = Pt−Pr

Pr
then the Bowers–Liang model exhibits the fol-

lowing features:

(a) Δ f > 0: The maximum equilibrium mass and surface
redshift are greater than their corresponding isotropic
(Δ f = 0) counterparts.

(b) Δ f < 0: The maximum mass and surface redshift are
less than their corresponding isotropic values.

Moreover, the anisotropy allows for arbitrarily large surface
redshifts as observed in quasars.

The line element for the Bowers–Liang solution is

ds2 = −
[

3
(
1 − 2M/rΣ

)h/2 − (
1 − 2m/r

)h/2

2

]2/h

dt2

+
(

1 − 2m

r

)−1
dr2 + r2(dθ2 + sin2 θdφ2), (48)

where h is a constant and 0 ≤ r ≤ R. From the metric (48)
it is clear that

A2
0 =

[
3
(
1 − 2M/rΣ

)h/2 − (
1 − 2m/r

)h/2

2

]2/h

, (49)

B2
0 =

(
1 − 2m

r

)−1
, (50)

and

Y 2
0 = r2. (51)

In the physical analysis that follows we take

a = −k1(r + 1)−1, b = k2(r + 1)−1, y = k3 and

m = r3M

R3 , (52)

where k1 = k2 = 10−17 and k3 = 10−1. Using (49)–(52),
Eqs. (33)–(35) become, respectively,

ρo = 6M/R3, (53)

pro =
(

1 − 2Mr2

R3

)
×

⎡
⎢⎢⎣

4M
(

1 − 2Mr2

R3

) h
2 −1

R3
(
3

(
1 − 2M

R

)h/2 − (
1 − 2Mr2

R3

)h/2)

− 1

r2
(

1 − 2Mr2

R3

) + 1

r2

⎤
⎦ (54)

pto =
⎡
⎣6M

(
2Mr2

(
−h

(
1 − 2M

R

)h/2
(

1 − 2Mr2

R3

)h/2

−3

(
1 − 2M

R

)h/2
(

1 − 2Mr2

R3

)h/2

+
(

1 − 2Mr2

R3

)h

+3

(
1 − 2M

R

)h)
− R3

(
−4

(
1 − 2M

R

)h/2
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×
(

1 − 2Mr2

R3

)h/2

+
(

1 − 2Mr2

R3

)h

+ 3

(
1 − 2M

R

)h))⎤
⎦

×
[
R3

(
R3 − 2Mr2

) ((
1 − 2Mr2

R3

)h/2

−3

(
1 − 2M

R

)h/2)2
]−1

(55)

The anisotropy parameter Δ = Pr − Pt is expressed (for the
static case) as

Δ =
12(h − 1)M2r2

(
1 − 2M

R

)h/2 (
1 − 2Mr2

R3

)h/2

R3
(
R3 − 2Mr2

) ((
1 − 2Mr2

R3

)h/2 − 3
(

1 − 2M
R

)h/2
)2

(56)

We point out that Eqs. (57)–(58) below, including their
derivation, can be found in a review article by Herrera and
Santos [43]. We simply state the equations here and discuss
the relationship between the order parameter Δ and the
anisotropic factor C . Δ can also be written as

Δ = 4

3
πCr2

(
ρo + Pro

)(
ρo + 3Pro

)(
1 − 2m

r

)−1
(57)

where C , the anisotropic factor, measures the degree of
anisotropy and is given by

h = 1 − 2C. (58)

It follows from Eq. (57) that the anisotropic parameter can be
recast as Δ = Cχ(r), where χ(r) = 4

3πr2
(
ρo + Pro

)(
ρo +

3Pro
)(

1 − 2m
r

)−1. We also point out that χ(r) > 0 for all r ,
implying that Δ is directly proportional (and of similar sign)
to C . From (58) it is clear that h = 1 corresponds to C = 0
which is the isotropic case, while h = 2 and h = 4 corre-
spond respectively to C = − 1

2 and C = − 3
2 which imply

that the radial pressure dominates the tangential pressure.
The model has a limiting case of h = 0 which corresponds
to the Florides [44] solution which is not considered in our
analysis.

6 The notion of complexity in stellar systems

The notion of complexity in stellar systems has attracted
widespread attention since it was formerly introduced by
Herrera and his co-workers. There have been a huge class
of models of static stars based on the premise of vanish-
ing complexity. The vanishing complexity condition within
the framework of collapsing, shear-free stars was obtained
by Bogadi et al. [31]. We present here the main equations
governing complexity for a spherically symmetric, shearing
spacetime which describes the interior of a stellar matter dis-
tribution. For a complete and insightful derivation of the fol-

lowing results, the reader is referred to the pioneering work
of Herrera et al. [45] For the line element (1) and energy
momentum tensor (2), the complexity factor for the interior
spacetime can be written in terms of the metric functions as

YT F = 1

2A2

[
Ÿ

Y
− B̈

B
−

(
Ẏ

Y
− Ḃ

B

)(
Ȧ

A
+ Ẏ

Y

)]

+ 1

2B2

[
A′′

A
− Y ′′

Y
+

(
B ′

B
+ Y ′

Y

)(
Y ′

Y
− A′

A

)]

− 1

2Y 2 − Π

2
(59)

where Δ = Π = Pr − Pt is a measure of the pressure
anisotropy. Applying the perturbative scheme (24–32) to
Eq. 59 allows us to split it into static (YT F0) and time-
dependent(Y T F ) components given by:

YT F0 = A0
′′

A0B0
2 − A0

′B0
′

A0B0
3 − A0

′Y0
′

A0B0
2Y0

(60)

and

Y T F =
[

a′′

A0B0
2 − a′B0

′

A0B0
3 − a′Y0

′

A0B0
2Y0

− aA0
′′

A0
2B0

2

+aA0
′B0

′

A0
2B0

3 + aA0
′Y0

′

A0
2B0

2Y0
− 2bA0

′′

A0B0
3 − A0

′b′

A0B0
3

+3bA0
′B0

′

A0B0
4 + 2bA0

′Y0
′

A0B0
3Y0

− A0
′y′

A0B0
2Y0

+ yA0
′Y0

′

A0B0
2Y0

2

]
T (t) +

(
y

A0
2Y0

− b

A0
2B0

)
T ′′(t).

(61)

Using the Bowers–Liang model viz. Eqs. (49) to (51)
Eqs. (60) and (61) respectively become:

YT F0 = −
12(h − 1)M2r2

(
1 − 2M

R

)h/2 (
1 − 2Mr2

R3

)h/2

R3
(
R3 − 2Mr2

) ((
1 − 2Mr2

R3

)h/2 − 3
(

1 − 2M
R

)h/2
)2

(62)

and

7 Physics of the model

We now turn our attention to the physical viability of the
model. Starting off with the initial static configuration, we
note that for the Bowers–Liang model, the density is con-
stant and describes a uniform density sphere with anisotropic
pressure for h �= 1. The radial pressure as a function of the
radial coordinate is plotted in Fig. 1. We observe that the
radial pressure is a monotonically decreasing function of the
radial coordinate and vanishes for some finite r = rb, which
defines the boundary of the star. We further note that the
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Fig. 1 Static radial pressure, Pro. M = 1, R = 6.6

Fig. 2 Static tangential pressure, pto. M = 1, R = 6.6

radial pressure increases at each interior point of the stel-
lar configuration as the anisotropy parameter, h is increased.
The tangential pressure is displayed in Fig. 2. The tangen-
tial stresses are everywhere positive and decreases mono-
tonically towards the surface layers of the star. It is inter-
esting to note that the tangential pressure vanishes at some
r = r0, which decreases as h increases, i.e., the magnitude
of the anisotropy determines where the tangential stress has
no influence on the star. The anisotropy factor is displayed
in Fig. 3. Anisotropy increases with an increase in h with
the isotropic case given by h = 1. Furthermore, Δ > 0
everywhere inside the star signifying an inwardly directed
force due to anisotropy. This attractive force couples with
the inwardly driven gravitational interaction thus providing
a mechanism for loss of hydrostatic equilibrium.

Figure 4 indicates that the complexity factor for the ini-
tially static Bowers–Liang configuration is everywhere neg-
ative. Comparing Figs. 3 and 4 we observe that magnitudes
of Δ0 and YT F0 are equal in magnitude, that is to say that
for this model, the complexity is driven by the anisotropy as
there are no contributions from density inhomogeneity. As
expected that complexity vanishes when h = 1 and grows
in magnitude with increasing h. In Figs. 5 and 6, we have

Fig. 3 Static pressure anisotropy Δ =Pro − Pto. M = 1, R = 6.6

Fig. 4 Static complexity, YT F0. M = 1, R = 6.6

Fig. 5 Perturbed complexity Y T F for early time, M = 1, R = 6.6,
t = −100, φ = 0.01

plotted the perturbations of the complexity factor for early
and late time collapse. The gradient of these perturbations
closer to the center of the star are is larger than +its counter-
part in the surface layers. The perturbations vanish towards
the stellar surface. For late times, we note that the perturba-
tions of the complexity factor ’ease’ off, i.e., the gradient of
the complexity profile decreases as compared to early time
collapse. The late time perturbations die off at the stellar sur-
face. In Figs. 5 and 6, we have plotted the perturbations of
the complexity factor for early and late times, respectively.
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Fig. 6 Perturbed complexity Y T F for late time, M = 1, R = 6.6,
t = −1, φ = 0.01

While the magnitude of the perturbations are of the same
order for the different epochs of the collapse, we note that
the spatial gradient of the complexity factor is higher in the
central regions of the collapsing body for early times. This
could be attributed to the production of heat energy close to
the center of the star. The perturbations attributed to com-
plexity attenuate rapidly in the surface layers for early times.
We can understand this by noting that for late times heat is
carried away from the central regions towards the surface of
the star more efficiently.

8 Conclusion

In this work, we provided a general perturbative framework
which addresses the notion of complexity in stars undergoing
dissipative collapse in the form of a radial heat flux and in the
presence of shear. The collapse proceeded from an initially
static configuration described by the Bowers–Liang model
which has an associated ‘switch’ which controls the degree
of anisotropy. Since the Bowers–Liang model describes an
anisotropic, uniform density sphere, the complexity is driven
solely by pressure anisotropy. As the star loses hydrostatic
equilibrium and begins to radiate, the complexity is gov-
erned by anisotropy, density inhomogeneity and heat flux.
We showed that the perturbations to the complexity factor
are behave substantially different for different epochs of the
collapse process as well as in different regions of the col-
lapsing body. We believe that our work sheds new light on
complexity in radiating systems and has highlighted the need
for more general matter distributions.
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