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INTRODUCTION

We study the Beris-Edward model for a molecule in a flux of nematic liquid crystals. This model is treated in [? ]
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∂tQ+ (u · ∇)Q− (ω(u)Q− Qω(u)) = ∆xQ− L[∂F(Q)]
∂tu− divx(u⊗ u) + ∇xp =
∆xu+ divx (−Q∆xQ+ ∆xQQ− ∇xQ⊙ ∇xQ)
divxu = 0
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, L[A] := A−
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tr(A)Id ∀A ∈ M(3,R)

(∇xQ⊙ ∇xQ)i j :=
∑

α,β

∂xi qαβ∂x j qαβ

∆Q =
(

∆qi j

)

i, j
∀i, j = 1, 2, 3

We’re looking for the functions

u : R+ × R3 → R3, Q : R+ × R3→ S0(3,R), p:R3→ R

Whereu is the velocity field of the molecules,p is the pressure of the fluid andQ is theDe GennesQ-Tensor (here
and below withS0(3,R) we denote the space of 3× 3 symmetric matrices with zero trace).
In the model,F is the energy of the liquid crystal and it is given by

F(Q) =
a
2
|Q|2 +

b
3

tr
(

Q3
)

+
c
4
|Q|4

∗This is an example of first authornote.
†This is an example of second authornote.



Wherea, b, c ∈ R and| · | is the Frobenius norm.
We are looking for a stationary solution, when the velocity is zero. Our system becomes
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∆Q = L[∂F(Q)] = ∂F(Q) − 1
3tr(∂F(Q))Id

tr(Q) = 0
Q ∈ H1

(

R
3; S(3,R)

)

Now we use the following parametrization for the matrices ofS0(3,R):

Q(q(x)) =
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

q1(x) q3(x) q4(x)
q3(x) q2(x) q5(x)
q4(x) q5(x) −q1(x) − q2(x)


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q = (q1, q2, q3, q4, q5).

With this parametrization, we forced the matrixQ to belong toS0(3,R) and it can be proved that the critical pointsq
of the following functional

J(q) =
∫

|∇xq|
2 + ∇xq1 · ∇xq2dx+

+

∫

a
(

|q|2 + q1q2

)

+
b
3

tr(Q(q)3) + c
(

|q|2 + q1q2

)2
dx

Give a matrixQ(q) which resolves the previous system.
We studied the casea > 0 andc < 0 and we proved the existence of a Least Energy Solution:

Definition 1
Set q the solution of the system

{

−2∆q− α (∆q1e2 + ∆q2e1) = g(q) := ∇qG(q)1{q,0}

q ∈ H1(Rd;Rn)

Whereα ∈ [0, 1], n≥ 2 ed e1, e2 are the following vectors ofRn:

e1 = (1, 0, . . . , 0)T , e2 = (0, 1, 0, . . . , 0)T

Then we say that q is aLeast Energy Solution if it resolves

J(q) = inf {J(v) | v ∈ H1(Rd;Rn) \ {0}, v solution of (1.1)}

Where

J(q) ≔
∫

|∇q|2 + ∇q1∇q2 −G(q)dx.
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d[F1]
dω2

= S Am2 cosω,
d[F1]
dω3

= S Am2 cosω. (1)

This is an example of a multiline numbered equation.
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For more on equations, please refer to the guide.
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