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This paper investigates local derivations on the Schrödinger Lie algebra sn, the Lie algebra of the (n+ 1)-
dimensional space-time Schrödinger group. As a finite-dimensional Lie algebra that is neither semisimple
nor solvable, the Schrödinger algebra plays an important role in mathematical physics, particularly as
the symmetry algebra of the free Schrödinger equation. While local derivations are well understood for
semisimple, solvable, and certain infinite-dimensional Lie algebras, much less is known for non-semisimple
algebras. We prove that for all integers n ≥ 3, every local derivation on sn is a derivation. Our approach
uses the explicit structure of the Schrödinger algebra together with a detailed description of its derivation
algebra. First, we reduce the problem to derivations that act trivially on the semisimple part, and then
we perform a coefficient-wise analysis in a fixed basis. This shows that every local derivation is an ordi-
nary derivation. Moreover, such derivations decompose in the usual way into inner derivations and the
known outer derivations. Our result extends earlier low-dimensional cases and shows a uniform rigidity
phenomenon for all higher-dimensional Schrödinger algebras.

Keywords: Lie algebras, semisimple Lie algebra, solvable Lie algebra, nilpotent Lie algebra, Schrödinger
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Introduction

Local derivations are useful tools in studying the structure of rings and algebras, where there are
still many related unsolved problems. R.V. Kadison, D.R. Larson, and A.R. Sourour first introduced
the notion of local derivations on algebras in their remarkable paper [1,2]. Since then, many researchers
have been studying local derivations of different types of algebras (e.g., see [3–5]). In [6] the authors
proved that every local derivation on a finite-dimensional semisimple Lie algebra L over an algebraically
closed field of characteristic zero is a derivation.

In [4], local derivations on solvable Lie algebras are studied. It is shown that within this class,
there exist solvable Lie algebras admitting local derivations that are not derivations, as well as solvable
Lie algebras for which every local derivation is a derivation. Moreover, it is proved that every local
derivation on a finite-dimensional solvable Lie algebra with a model nilradical and a complementary
space of maximal dimension is a derivation. In [5], the authors proved that every local derivations on
solvable Lie algebras whose nilradical has maximal rank is a derivation. In [3], the authors proved that
every local derivation on the conformal Galilei algebra is a derivation.

We note that the aforementioned algebras are finite-dimensional algebras. In the infinite-dimensional
case, the authors of [7–9] proved that every local derivation on some class of locally simple Lie algebras,
generalized Witt algebras, Witt algebras, and Witt algebras over a field of prime characteristic is a
derivation.
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The Schrödinger Lie group is the symmetry group of the free-particle Schrödinger equation (see [10]).
The Lie algebra sn in (n + 1)-dimensional space-time of the Schrödinger Lie group is called the
Schrödinger algebra, see [11, 12]. The Schrödinger algebra sn is a non-semisimple Lie algebra and
plays an important role in mathematical physics. Recently there was a series of papers on studying
the structure and representation theory of the Schrödinger algebra s1 in the case of (1+1)-dimensional
space-time, see [13–15].

In this paper, we generalize our previous result to all integers n > 2. In [16], we proved that for
n = 1, 2, every local derivation on the Schrödinger algebra sn (in (n+ 1)-dimensional space–time) is a
derivation. Hence, the same result holds for all n ∈ N.

1 Preliminaries

In this section, we first recall the definition of sn from [11] in a different form. We know that the
general linear Lie algebra gl2n has the natural representation on C2n by left matrix multiplication. Let
{e1, e2, · · · , e2n} be the standard basis of C2n.

The Heisenberg Lie algebra hn = C2n ⊕ Cz is the Lie algebra with Lie bracket given by

[ei, en+i] = z, [z, hn] = 0, 1 ≤ i ≤ n.

Recall that the Schrödinger Lie algebra sn is the semidirect product Lie algebra

sn = (sl2 ⊕ son) n hn,

where sl2 is embedded in gl2n by the mapping(
a b
c −a

)
7→
(
aIn bIn
cIn −aIn

)
and son is embedded in gl2n by

A ∈ son 7→
(
A 0
0 A

)
.

Here In is the n× n identity matrix, sl2 ⊕ son acts on hn by matrix multiplication, and [z, sn] = 0.
Next, we will introduce a basis of sn. Let

h =

(
In 0
0 −In

)
, e =

(
0 In
0 0

)
, f =

(
0 0
In 0

)
,

sij =

(
eij − eji 0

0 eij − eji

)
, 1 ≤ i < j ≤ n,

uk = ek, vk = en+k, 1 ≤ k ≤ n,

where ei,j (1 ≤ i, j ≤ n) the n× n matrix with zeros everywhere except a 1 on position (i, j).
The Schrödinger algebra sn is a Lie algebra with a C-basis

{e, f, h, z, ui, vi, sjk(= −skj) | 1 6 i 6 n, 1 6 j < k 6 n}

equipped with the following non-trivial commutation relations:

[h, e] = 2e, [h, f ] = −2f, [e, f ] = h,

[ui, vi] = z, [h, ui] = ui, [h, vi] = −vi,
[e, vi] = ui, [f, ui] = vi,

[skl, ui] = δliuk − δkiul, [skl, vi] = δlivk − δkivl,
[sij , skl] = δkjsil + δilsjk + δljski + δkislj ,

56 Bulletin of the Karaganda University



Local derivation on the Schrödinger ...

where δij is the Kronecker Delta defined as 1 for i = j and as 0 otherwise.
We fix an order on the basis as follows:

{e, f, h, z, ui, vi, sjk(= −skj) | 1 ≤ i ≤ n, 1 ≤ j < k ≤ n}.

The Schrödinger algebra sn is a finite-dimensional Lie algebra that is neither semisimple nor
solvable. It can be realized as the semidirect product

sn = (sl2 ⊕ son) n hn,

where sl2 = SpanC{e, f, h} is the 3-dimensional simple Lie algebra, son = SpanC{skl | 1 ≤ k < l ≤ n}
is the orthogonal Lie algebra, and hn = SpanC{z, ui, vi | 1 ≤ i ≤ n} is the Heisenberg Lie algebra.

A derivation on a Lie algebra L is a linear map D : L → L which satisfies the Leibniz rule:

D([x, y]) = [D(x), y] + [x,D(y)], for any x, y ∈ L.

For any element y ∈ L the operator of right multiplication ady : L → L, defined as ady(x) = [y, x]
is a derivation, and derivations of this form are called inner derivations. The set of all inner derivations
of L, denoted by Inn(L), is an ideal in Der(L).

Definition 1. A linear operator ∆ is called a local derivation if for any x ∈ L, there exists a
derivation Dx : L → L (depending on x) such that ∆(x) = Dx(x). The set of all local derivations on
L we denote by LocDer(L).

We use the following definition given in [17].

Definition 2. The following derivations are outer derivations of sn.
• When n ≥ 2, the derivation σ : sn → sn is given by

σ(e) = σ(f) = σ(h) = σ(skl) = 0, σ(z) = z, σ(ui) =
1

2
ui, σ(vi) =

1

2
vi,

for all 1 ≤ i ≤ n, 1 ≤ k < l ≤ n.
• When n = 2, the derivation τ : s2 → s2 is given by

τ(e) = τ(f) = τ(h) = τ(z) = τ(ui) = τ(vi) = 0, τ(s12) = z, i = 1, 2.

• When n = 1, the derivation σ1 : s1 → s1 is given by

σ1(e) = σ1(f) = σ1(h) = 0, σ1(z) = z, σ1(u1) =
1

2
u1, σ1(v1) =

1

2
v1.

The following theorem is proved in [17].

Theorem 1. The derivations of the Schrödinger algebra sn are given by

Der(sn) =


Inn(s1)⊕ Cσ1, n = 1,
Inn(s2)⊕ Cσ ⊕ Cτ, n = 2,
Inn(sn)⊕ Cσ, n > 2,

where σ1, τ, σ are given by Definition 2.

For any x ∈ sn, n ≥ 3, there exists

a = aee+ aff + ahh+ azz +
n∑
i=1

auiui +
n∑
i=1

avivi +
∑

1≤k<l≤n
ask,lsk,l
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and λ ∈ C such that, by Theorem 1, we can write

D(x) = [a, x] + λσ(x).

Now consider

D(e) = [a, e] + λσ(e)

=

aee+ aff + ahh+ azz +
n∑
i=1

auiui +
n∑
i=1

avivi +
∑

1≤p<q≤n
asp,qsp,q, e


= 2ahe− afh−

n∑
i=1

aviui,

D(f) = [a, f ] + λσ(f) = −2ahf + aeh−
n∑
i=1

auivi,

D(h) = [a, h] + λσ(h) = −2aee+ 2aff −
n∑
i=1

auiui +
n∑
i=1

avivi,

D(ui) = [a, ui] + λσ(ui) = afvi +

(
ah +

λ

2

)
ui − aviz +

∑
1≤p<i

asp,iup −
∑
i<q≤n

asi,quq,

D(vi) = [a, vi] + λσ(vi) =

(
−ah +

λ

2

)
vi + aeui + auiz +

∑
1≤p<i

asp,i,vp −
∑
i<q≤n

asi,qvq,

D(sk,l) = [a, sk,l] + λσ(sk,l) = −auluk + aukul − avlvk + avkvl+

+
∑

1≤p<k, p6=l
asp,ksp,l +

∑
l<q≤n, q 6=k

asl,qsq,k+

+
∑

1≤p<l, p6=k
asp,lsk,p +

∑
k<q≤n, l 6=q

ask,qsl,q.

2 Main results

In this section, we will prove that every local derivation on the Schrödinger algebra sn is a derivation.
Theorem 2. Every local derivation on the Schrödinger algebra sn, n ≥ 3 is a derivation.
To obtain this result, we first prove several lemmas.
Lemma 1. Let ∆ be a local derivation on sn and D ∈ Der(sn). Define ∆′ = ∆−D. Then

∆′(x) ∈ hn for all x ∈ sn. (1)

Proof. By Theorem 1, every derivation D ∈ Der(sn) can be written in the form

D(y) = [a, y] + λσ(y)

for some a ∈ sn and λ ∈ C, where σ is the outer derivation from Definition 2. Since ∆ is a local
derivation, for each x ∈ sn there exists a derivation Dx ∈ Der(sn) of the same type such that

∆(x) = Dx(x) = [a(x), x] + λ(x)σ(x).

We use the theorem of Ayupov and Kudaybergenov [6], which asserts that any local derivation on
a finite-dimensional semisimple Lie algebra is a derivation. Since sl2 and son are semisimple, their
restrictions ∆|sl2 and ∆|son are derivations, and hence such a D exists.
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We choose a derivation D ∈ Der(sn) satisfying

D|sl2 = ∆|sl2 , D|son = ∆|son .

For arbitrary x ∈ sn we have

∆′(x) = ∆(x)−D(x) = [a(x)− a, x] + (λ(x)− λ)σ(x). (2)

Using (2) and the fact that a(s)− a ∈ hn ⊕ Cz, we obtain ∆′(s) = 0 for all s ∈ sl2 ∪ son.
Consequently, a(x)− a ∈ hn ⊕Cz for any x ∈ sn. Because hn is an ideal of sn and [Cz, sn] = 0, we

have [a(x)− a, x] ∈ hn. Moreover, by Definition 2, σ(x) maps sn into hn. Therefore, both terms in (2)
belong to hn, and hence

∆′(x) ∈ hn for all x ∈ sn.

For each x ∈ sn, there exist an element a = a(x) ∈ sn of the form

a = aee+ aff + ahh+ azz +
n∑
i=1

auiui +
n∑
i=1

avivi +
∑

1≤k<l≤n
ask,l sk,l,

and a scalar λ = λ(x) ∈ C such that, by Theorem 1,

∆′(x) = [a, x] + λσ(x).

Here ae, af , ah, az, aui , avi , ask,l , and λ are complex numbers depending on x.
By applying (1) to x = h and x = z, we get

∆′(h) = −
n∑
i=1

a(h)ui ui +
n∑
i=1

a(h)vi vi,

∆′(z) = λ(z)z.

Let x0 =
n∑
i=1

a
(h)
ui ui +

n∑
i=1

a
(h)
vi vi. Consider the following statement

∆′′ = ∆′ − ad(x0)− λ(h)σ.

Then ∆′′ is a local derivation. By direct verification we have

∆′′(x) ∈ hn, for all x ∈ sn, (3)

and

∆′′(h) = ∆′′(z) = 0.

Considering (3), we find the values of the operator ∆′′ in the basis elements:

∆′′(f) = −
n∑
i=1

a(f)ui vi,

∆′′(e) = −
n∑
i=1

a(e)vi ui,

∆′′(ui) = a
(ui)
f vi +

(
a
(ui)
h +

λ(ui)

2

)
ui − a(ui)vi z +

∑
1≤k<i

a(ui)sk,i
uk −

∑
i<l≤n

a(ui)si,l
ul,

∆′′(vi) =

(
λ(vi)

2
− a(vi)h

)
vi + a(vi)e ui + a(vi)ui z +

∑
1≤k<i

a(vi)sk,i
vk −

∑
i<l≤n

a(vi)si,l
vl,

∆′′(sk,l) = −a(sk,l)ul uk + a
(sk,l)
uk ul − a

(sk,l)
vl vk + a

(sk,l)
vk vl.

(4)
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We take an element b = bee+ bff + bhh+ bzz+
n∑
i=1

buiui +
n∑
i=1

bvivi +
∑

1≤k<l≤n
bsk,lsk,l and µ ∈ C, where

b ∈ sn, be, bf , bh, bz, bui , bvi , bsk,l , µ are complex numbers depending on b.

Lemma 2. Coefficients a(ui)f and a(vi)e , (1 ≤ i ≤ n) in the formula (4) are equal to zero.

Proof. Fix i with 1 ≤ i ≤ n and set x = e+ ui. By the definition of a local derivation, there exist
b = b(x) ∈ sn and µ = µ(x) ∈ C such that

∆′′(x) = [b, x] + µσ(x).

Hence

∆′′(x) = ∆′′(e+ ui) = [b, e+ ui] + µσ(e+ ui)

=
[
bee+ bff + bhh+ bzz +

n∑
j=1

bujuj +
n∑
j=1

bvjvj +
∑

1≤k<l≤n
bsk,lsk,l, e+ ui

]
+ µσ(e+ ui)

= −bfh+ bfvi + ∗e+
n∑
j=1

∗uj + ∗z.

On the other hand, based on (4), we calculate the following equality:

∆′′(x) = ∆′′(e+ ui) = ∆′′(e) + ∆′′(ui) = a
(ui)
f vi +

n∑
j=1

∗uj + ∗z.

Comparing the coefficients at the basis elements h and vi, we get bf = 0, bf = a
(ui)
f , which implies

a
(ui)
f = 0.

Now, consider the element x = f + vi for fixed 1 ≤ i ≤ n,

∆′′(x) = ∆′′(f + vi) = [b, f + vi] + µσ(f + vi) = beh+ beui + ∗f +
n∑
j=1

∗vj + ∗z.

On the other hand,

∆′′(x) = ∆′′(f + vi) = ∆′′(f) + ∆′′(vi) = a(vi)e ui +
n∑
j=1

∗vj + ∗z.

Comparing the coefficients at the basis elements h and ui, we get be = 0, be = a
(vi)
e , which implies

a(vi)e = 0.

Lemma 3. Coefficients a(ui)vi and a(vi)ui , 1 ≤ i ≤ n in the formula (4) are equal to zero.

Proof. Fix i with 1 ≤ i ≤ n and set x = h+ ui. Then

∆′′(x) = [b, h+ ui] + µσ(h+ ui)

= 2bff +
n∑
j=1

bvjvj + bfvi − bviz + ∗e+
n∑
j=1

∗uj .
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On the other hand,

∆′′(x) = ∆′′(h+ ui) = ∆′′(h) + ∆′′(ui) = −a(ui)vi z +
n∑
j=1

∗uj .

Comparing the coefficients at the basis elements f, z and vi, we get bf = bvi = 0, bvi = a
(ui)
vi , which

implies
a(ui)vi = 0.

Fix i with 1 ≤ i ≤ n and set x = h+ vi. Then

∆′′(x) = ∆′′(h+ vi) = [b, h+ vi] + µσ(h+ vi)

= −2bee−
n∑
j=1

bujuj + beui + buiz + ∗f +

n∑
j=1

∗vj .

On the other hand,

∆′′(x) = ∆′′(h+ vi) = ∆′′(h) + ∆′′(vi) = a(vi)ui z +
n∑
j=1

∗vj .

Comparing the coefficients at the basis elements e, z and ui, we get be = bui = 0, bui = a
(vi)
ui , which

implies
a(vi)ui = 0.

Lemma 4. ∆′′(f) = 0 and a(vi)h − λ(vi)

2 = 0 in the formula (4).

Proof. Take an element x = f − 1
2z + vi (1 ≤ i ≤ n). Then

∆′′(x) =
[
b, f − 1

2z + vi
]

+ µσ
(
f − 1

2z + vi
)

= −2bhf + beh−
n∑
j=1

bujvj −
µ

2
z − bhvi + beui + buiz

+
∑

1≤k<i
bsk,ivk −

∑
i<l≤n

bsi,lvl +
µ

2
vi.

(5)

On the other hand,

∆′′(x) = ∆′′(f)−∆′′(
z

2
) + ∆′′(vi) = −

n∑
i=1

a(f)ui vi − a
(vi)
h vi

+
∑

1≤k<i
a(vi)sk,i

vk −
∑
i<l≤n

a(vi)si,l
vl +

λ(vi)

2
vi.

(6)

Comparing the coefficients at the basis elements f, z and vi, (5) and (6), we get
−2bh = 0,

−µ
2 + bui = 0,

−bui − bh + µ
2 = −a(f)ui − a

vi
h + λvi

2 ,
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which implies

a(f)ui = −a(vi)h +
λ(vi)

2
. (7)

Take an element x = f − 1
2z − vi. Then

∆′′(x) =

[
b, f − 1

2
z − vi

]
+ µσ(f − 1

2
z − vi) = −2bhf + beh−

n∑
j=1

bujvj

− µ

2
z + bhvi − beui − buiz −

∑
1≤k<i

bsk,ivk +
∑
i<l≤n

bsi,lvl −
µ

2
vi.

(8)

On the other hand,

∆′′(x) = ∆′′(f)−∆′′(
z

2
)−∆′′(vi) = −

n∑
j=1

a(f)uj vj + a
(vi)
h vi

−
∑

1≤k<i
a(vi)sk,i

vk +
∑
i<l≤n

a(vi)si,l
vl −

λ(vi)

2
vi.

(9)

Comparing the coefficients at the basis elements f, z and vi, (8) and (9), we get
−2bh = 0,

−µ
2 − bui = 0,

−bui + bh − µ
2 = −a(f)ui + avih −

λvi
2 ,

which implies

a(f)ui = a
(vi)
h − λ(vi)

2
. (10)

Comparing (7) and (10), we obtain that

a(f)ui = 0, a
(vi)
h =

λ(vi)

2
.

So, ∆′′(f) = 0 follows from equality (4). Thus, the coefficients satisfy the relation

a
(vi)
h − λ(vi)

2
= 0.

Lemma 5. ∆′′ (e) = 0 and a(ui)h + λ(ui)

2 = 0 in the formula (4).

Proof. Take an element x = e+ 1
2z + ui. Then

∆′′(x) = [b, e+
1

2
z + ui] + µσ(e+

1

2
z + ui)

= 2bhe− bfh−
n∑
j=1

bvjuj +
µ

2
z

+ bfvi + bhui − bviz +
∑

1≤k<i
bsk,iuk −

∑
i<l≤n

bsi,lul +
µ

2
ui.

(11)
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On the other hand,

∆′′(x) = ∆′′(e) + ∆′′(
1

2
z) + ∆′′(ui) = −

n∑
j=1

a(e)vj uj + a
(ui)
h ui

+
∑

1≤k<i
a(ui)sk,i

uk −
∑
i<l≤n

a(ui)si,l
ul +

λ(ui)

2
ui.

(12)

Comparing the coefficients at the basis elements e, z and ui, (11) and (12), we obtain that
2bh = 0,
µ
2 − bvi = 0,

−bvi + bh + µ
2 = −a(e)vi + auih + λui

2 ,

which implies

a(e)vi = a
(ui)
h +

λ(ui)

2
. (13)

Next, we take an element x = e+ 1
2z − ui, then

∆′′(x) = [b, e+
1

2
z − ui] + µσ(e+

1

2
z − ui) = 2bhe− bfh−

n∑
j=1

bvjuj +
µ

2
z

− bfvi − bhui + bviz −
∑

1≤k<i
bsk,iuk +

∑
i<l≤n

bsi,lul −
µ

2
ui.

(14)

On the other hand,

∆′′(x) = ∆′′(e) + ∆′′(
z

2
)−∆′′(ui) = −

n∑
j=1

a(e)vj uj − a
(ui)
h ui

−
∑

1≤k<i
a(ui)sk,i

uk +
∑
i<l≤n

a(ui)si,l
ul −

λ(ui)

2
ui.

(15)

Comparing the coefficients at the basis elements e, z and ui, (14) and (15), we get
2bh = 0,
µ
2 + bvi = 0,

−bvi − bh −
µ
2 = −a(e)vi − a

ui
h −

λui
2 ,

which implies

a(e)vi = −a(ui)h − λ(ui)

2
. (16)

Comparing (13) and (16), we obtain that

a(e)vi = 0, a
(ui)
h = −λ

(ui)

2
.

Thus, ∆′′(e) = 0 follows from equality (4). We have the following connection

a
(ui)
h +

λ(ui)

2
= 0

between the coefficients.
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Lemma 6. ∆′′ (son) = {0} and ∆′′ (hn) = {0}.

Proof. Let k, l (k 6= l) fixed numbers in the set {1, 2, ..., n}. Next, set x = uk + sk,l (if l < k, then
sk,l = −sl,k). Then

∆′′(x) = [b, uk + sk,l] + µσ(uk + sk,l)

= bfvk + bhuk − bvkz +
∑

1≤p<k
bsp,kup

−
∑

k<q≤n
bsk,quq +

µ

2
uk − buluk + bukul − bvlvk + bvkvl

+
∑

1≤p<k, p6=l
bsp,ksp,l +

∑
l<q≤n, q 6=k

bsl,qsq,k

+
∑

1≤p<l, p6=k
bsp,lsk,p +

∑
k<q≤n, l 6=q

bsk,qsl,q.

(17)

On the other hand,

∆′′(x) = ∆′′(uk) + ∆(sk,l) =
∑

1≤j<k
a(uk)sj,k

uj −
∑
k<j≤n

a(ui)sk,j
uj

− a(sk,l)ul uk + a
(sk,l)
uk ul − a

(sk,l)
vl vk + a

(sk,l)
vk vl.

(18)

Comparing the coefficients at the basis elements z and vl, (17) and (18), we obtain that{
bvk = 0,

bvk = a
(sk,l)
vk ,

which implies

a
(sk,l)
vk = 0.

Similarly, from equality:

∆′′ (ul + sl,k) = ∆′′ (uk) + ∆′′ (sl,k) we obtain a(sk,l)vl = 0;

∆′′ (vk + sk,l) = ∆′′ (vk) + ∆′′ (sk,l) we obtain a(sk,l)uk = 0;

∆′′ (vl + sl,k) = ∆′′ (vk) + ∆′′ (sl,k) we obtain a(sk,l)ul = 0.

If we substitute the above four results into (4), we get ∆′′(sl,k) = 0, 1 ≤ l < k ≤ n.
Then equation (18) can be rewritten as

∆′′(x) = ∆′′(uk) + ∆(sk,l) =
∑

1≤j<k
a(uk)sj,k

uj −
∑
k<j≤n

a(uk)sk,j
uj . (19)

Comparing the coefficients at the basis elements uj (j 6= k, j 6= l) and sj,l, (17) and (19), we obtain
that
• if j < k, then bsj,k = 0 and bsj,k = a

(uk)
sj,k ;

• if j > k, then bsk,j = 0 and bsk,j = a
(uk)
sk,j ;
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we get

a(uk)sk,j
= 0, (j 6= k). (20)

Take a number i such that i 6= k and i 6= l.

∆′′(uk + sk,i) = ∆′′(uk) + ∆′′(sk,i) ⇒ a(uk)sk,i
= 0,

∆′′(vk + sk,j) = ∆′′(vk) + ∆′′(sk,j) ⇒ a(vk)sk,j
= 0, (j 6= k),

∆′′(vk + sk,i) = ∆′′(vk) + ∆′′(sk,i) ⇒ a(vk)sk,i
= 0.

(21)

Thus, according to (4), (20) and (21), we have

∆′′ (son) = {0} and ∆′′ (hn) = {0}.

Now we are in position to prove Theorem 2.
Proof of Theorem 2. From (2) and Lemmas 2–6 we obtain

∆′′ = 0. (22)

Together (2) and (22) give
∆′ = ad(x0) + λ(h)σ. (23)

Together (1) and (23) give
∆ = D + ad(x0) + λ(h)σ.

Hence, any local derivation of the algebra sn (n ≥ 3) is a derivation. �

Conclusion

We study local derivations on the Schrödinger algebra sn in (n + 1)-dimensional space-time of
Schrödinger Lie groups for any integer n. We prove that every local derivations on the Schrödinger
algebra sn in (n+ 1)-dimensional space-time are derivations.
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