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We consider Schrödinger equations of Hartree and cubic type in three spatial
dimensions and its approximations of singular, point-like perturbations.

As approximants to the Hartree equation, we analyze the equation of the form

(1) i∂tuε = −∆uε + Vεuε + (w ∗ |uε|2)uε ,

for ε ∈ (0, 1]. Here Vε is a real-valued potential and is meant to represent a
singular, delta-like profile centered at x = 0.

We assume that

(2) Vε(x) :=
1

εσ
V
(x
ε

)
,

for a given measurable function V : R3 → R and a given σ ≥ 0.
The corresponding nets of approximate solutions represent generalised solutions

for the singular-perturbed Schrödinger equation. The behaviour of such nets is
investigated for σ ∈ [0, 3].

We also study a generalised solution in the Colombeau algebra GC1,H2 for cubic
and Hartree equation with (and without) delta potential, which corresponds to
the case σ = 3 in (2). In the case of the Hartree equation with delta potential
compatibility between the Colombeau solution and the solution of the classical
Hartree equation is established. More precisely, we prove that

(3) lim
ε↓0
‖uε − u‖L∞([0,T],L2(R3)) = 0 ,

where Colombeau solution is represented by net (uε) and u is the unique solution
in C(R, L2(R3)) to the Cauchy problem

i∂tu = −∆u+ (w ∗ |u|2)u

with initial datum a ∈ L2(R3).
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