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Project 1:Nonlinear Schrödinger Equation I

Considering the NLS+
p (Rn){

i∂tu+4u+ |u|p−1u = 0
u0(x) ∈ H1(Rn)

1 Characterization of NLS solutions in the mass-supercritical and
energy subcritical regime

0 < s < 1 ⇐⇒


p > 5 d = 1
p > 3 d = 2

4+d
d < p < d+2

d−2 d ≥ 3

2 Critical norm concentration phenomena for mass-supercritical
energy-subcritical NLS
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Project 1:Nonlinear Schrödinger Equation II

3 Polariton-Exciton system{
i∂tφ = (ωc − iκc − }

2mC
∆)φ+ γψ

i∂tψ = (ωx − iκx ± |ψ|2)ψ + γφ

1 my talk!!!

4 The complex Ginzburg–Landau equation CGL3,5(R)

iψt +
D

2
ψxx − f |ψ|2ψ + ν|ψ|4ψ = iδψ + iε|ψ|2ψ + iβψxx + iµ|ψ|4ψ

1 Traveling waves in ψ(t, x) = eiωtv(x− ct) → bifurcation map
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Project 2: Diffusion type systems I

1 Fluid dynamics in porous media
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∂2p2

∂t2
+

(
c2φ2 +
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µ
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k2x
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∂2p2

∂x2
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k2y

µ
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2 Numerical simulation vs. models vs real data
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Project 2: Diffusion type systems II

3 Approximate controllability of semilinear equations of the form in
the Hilbert spaces U and Z

z′ = −Az + Bu +

∫ t

0

M(t, s, zs)ds + F(t, zt, u(s)), z ∈ Z, t ≥ 0,

z(s) = Φ(s), s ∈ [−r, 0],
z(t+k ) = z(t−k ) + Ik(tk, z(tk), u(tk)), k = 1, 2, 3, . . . , p,

Example:

1 Heat,
– bounded operator: A = ∆
– bounded operator: B = 1w
– nonlinearities: M = K ∗ g(t, x) and F.

2 Beam equation
wtt − 2β∆wt + ∆2w = u(t, x) + f(t, w(t− r), wt(t− r), u) +

∫ t

0
M(t− s)g(w(s− r, x))ds

3 Strongly damped wave equation
4 Working on Benjamin-Bona-Mahony, Burgers’ equations with

memory
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Project 3: 3D Navier-Stokes I

{
ut − ν∆u+ u · ∇u+∇p = 0

div u = 0
with u(x, 0) = v(x).

1 No Leray’s backward self-similar solutions in L12/5 or in Lq,∞(R3)
for q ∈ (12/5, 6).

2 ε–criteria: ∃ε > 0, if a suitable weak solution u in Q1 s.t.

sup
t∈[−1,0]

∫
B1

|u(x, t)|2dx+

∫
Q1

|∇u|2dyds+

∫ 0

−1
‖p‖L1(B1) ds ≤ ε,

then u ∈ L∞(Q1/2).
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Project 3: 3D Navier-Stokes II

3 α ∈ [6/5, 2], β = 4α
7α−6 ∈ [1, 2]. ∃ε > 0 s.t. if suitable weak solution

u in Q1 satisfies∫ 0

−1
‖u‖2β

L2α(B1)
ds+

∫ 0

−1
‖p‖βLα(B1) ds ≤ ε,

then u ∈ L∞(Q1/2).

4 Want to explore the magneto-hydro-dynamics (MHD) equations


∂u

∂t
−∆u+ (u · ∇)u− (b · ∇)b+∇p = 0,

∂b

∂t
−∆b+ (u · ∇)b− (b · ∇)u = 0

divu = 0, divb = 0
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