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In this paper, the inverse eigenvalue problem of reconstructing 
a Jacobi matrix from its eigenvalues, its leading principal 
submatrix and part of the eigenvalues of its submatrix 
is considered. The necessary and sufficient conditions for 
the existence and uniqueness of the solution are derived. 
Furthermore, a numerical algorithm and some numerical 
examples are given.
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a b s t r a c t

We consider the Navier–Stokes equations of compressible isentropic viscous fluids
on an unbounded three-dimensional domain with a compact Lipschitz boundary.
Under the condition that the total mass of the fluid is finite, we show the existence
of globally defined weak solutions satisfying the energy inequality in differential
form.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Let T > 0 be fixed and let Ω ⊂ R3 be an exterior domain (an unbounded domain with compact Lipschitz
boundary ∂Ω). We consider the Navier–Stokes equations of a compressible isentropic viscous fluid

∂tϱ+ divx(ϱu) = 0, (1.1)
∂t(ϱu) + divx(ϱu⊗ u) +∇xϱγ = divxS, (1.2)

in the unknown variables

ϱ = ϱ(x, t) : Ω × (0, T )→ R and u = u(x, t) : Ω × (0, T )→ R3

representing the density and velocity of the fluid, respectively. The adiabatic constant γ is subjected to the
technical constraint

γ >
3
2 ,
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while the viscous stress tensor S fulfills Newton’s rheological law

S(∇xu) = µ

∇xu +∇txu−

2
3divxuI


+ ηdivxuI,

with shear viscosity coefficient µ and bulk viscosity coefficient η satisfying

µ > 0 and η ≥ 0.

Accordingly, we may write

divxS = µ∆u + (λ+ µ)∇xdivxu,

where

λ = η − 2
3µ.

As the underlying physical domain is unbounded, the system is supplemented with the far field conditions

lim
|x|→∞

ϱ(x, t) = 0, lim
|x|→∞

u(x, t) = 0,

and the no-slip boundary condition

u(x, t)|x∈∂Ω = 0.

Finally, we prescribe the initial conditions

ϱ(0) = ϱ0 and (ϱu)(0) = q0

where ϱ0 and q0 are given functions, complying with the following assumptions:

• ϱ0 ∈ L1(Ω) ∩ Lγ(Ω) and ϱ0 ≥ 0 almost everywhere.
• q0 ∈ L

2γ
γ+1
loc (Ω ; R3) is such that q0(x) = 0 whenever ϱ0(x) = 0. Moreover

|q0|2

ϱ0
∈ L1(Ω).

Under the above general assumptions on the structural coefficients and the initial data, the compressible
Navier–Stokes equations (1.1)–(1.2) are known to admit at least one globally defined weak solution1 (ϱ,u)
(see [5,12,14]). In particular, for the energy functional

E(t) =

Ω

1
2ϱ|u|

2(t) + 1
γ − 1ϱ

γ(t)


dx,

the weak solutions can be constructed to fulfill the energy inequality in the integral form

E(t) +
 t

0


Ω


µ|∇xu|2 + (λ+ µ)|divxu|2


dx dr ≤ E0 (1.3)

for almost any t ∈ [0, T ], where

E0 =

Ω


1
2
|q0|2

ϱ0
+ 1
γ − 1ϱ

γ
0


dx.

1 See Section 3 for the precise definition.
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