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LIE IDEALS IN TRIDIAGONAL ALGEBRA ALGL

Joo Ho Kana

ABSTRACT. We give examples of Lie ideals in a tridiagonal algebra AlgL o
and study some properties of Lie ideals in AlgL.. We also investigate
relationships between Lie ideals in Algl~. Let k be a fixed natural
number. Let A be a linear manifold in AlgLe such that T(o_1,21) =0
for all T € A. Then A is a Lie ideal if and only if T(ax_1,2k—1) = T(2k,2k)
for all T € A.

1. Introduction

Let H be an infinite-dimensional separable Hilbert space with a fixed or-
thonormal base {e1,e2,...} and let B(H) be the algebra of all bounded oper-
ators on H. If x1,29,...,2, are vectors in H, we denote by [z1,Za,...,zk]
the closed subspace spanned by the vectors x1,xs2,...,2r. A subspace lat-
tice L is a strongly closed lattice of orthogonal projections acting on H. We
denote by L. the subspace lattice generated by the subspaces [e1], [es], ...,
[62»,171], ey [61, €9, 63], [63, €4, 65], ey [62n73, €21n—2, egnfl], NN By Algﬁoo, we
mean the algebra of bounded operators which leave invariant all of the sub-
spaces in L. It is easy to see that all such operators have the matrix form

*

where all non-starred entries are zero.
The algebra AlgL., becomes a Lie algebra under the Lie product

[A,B] = AB — BA.
Received March 20, 2013; Revised April 30, 2014.
2010 Mathematics Subject Classification. 47L35.

Key words and phrases. linear manifold, Lie ideal, tridiagonal algebras.
This paper is supported by Daegu University Grant(2011).

©2015 Korean Mathematical Society



352 JOO HO KANG

Let A be a subalgebra of AlgL.,. We say that A is a left ideal of AlgL, if
AT € Afor all A in AlgL,, and T in A. A is called a right ideal of Algl ., if
TA € A for all Ain AlgLs and T in A. A is said to be an ideal of AlgL
if A is a left ideal of AlgL, and a right ideal of AlgL.. A linear manifold
A in AlgL is called a Lie ideal in AlgL, if [A, X] € A for A in AlgL,, and
X € A. In this paper, let I be the identity operator on H. Let C be the set of
all complex numbers and N = {1,2,...}.

2. Examples of Lie ideals in Algl,

If we know the following facts, then we can easily prove the following exam-
ples of Lie ideals in AlgL.

Let A = (a;j) and T = (t;;) be operators in AlgL.,. Then

() the (k, k)-entry of AT —TAis0forall k =1,2,....

(ﬂ) the (2]6 -1, 2k:)—entry of AT —TA is agp_1 Qk(tQk ok — tok_1 2]{;71) +
tok—1 gk(agk_l 2k—1 — A2k gk) forallk =1,2,....

(’y) the (2k + 1,2k)-entry of AT — TA is asgp+1 gk(tgk ok — tok+1 2k+1) +
tok+1 2k(@2k+1 2%k+1 — A2k gk) forallk=1,2,....

We denote T{; ;) or t; ; by the (i, j)-component of an operator T in AlgL
and use the following notations in this paper:

Let n and [ be fixed natural numbers (n > 1,1 > 1). Let I = {k1, k2, ..., kn,
J1s J2y -5 Ji}, D = {k1, ko, ..., kn} and T; = {41, j2,..., 51} be finite subsets
of N. Let Q) = {kl, kQ, NN ,jl,jQ, . .}, Ql = {kl,kg, . } and QQ = {jl,jg, .. }
be infinite subsets of N.

Example 1. Let Ay = {T' € AlgLoo |T(rxy = 0, k € N}. Then Ay is a Lie
ideal.

Example 2. Let I be the identity operator on X and let A; = {al +T |« €
C,T € Ao}. Then A; is a Lie ideal.

It is easy to show that an intersection of Lie ideals in AlgL is a Lie ideal
in AlgL.
Example 3. Let k and j be fixed natural numbers.
1) A072k71 = {T € Ay | T(Qk_LQk) = 0} Then A012k71 is a Lie ideal.
2) A072j+1 = {T e Ay |T(2j+1,2j) = 0} Then A072j+1 is a Lie ideal.
We denote Lie ideals that are obtained by intersections of Lie ideals Ag ok, —1
and Ag 25,41 as follows:
Aor, =Nz Ao 2k -1, Aoy, = ﬂé:1A0,2jp+1, Ao, = N2 Aok, -1
Ao, = NpZ1Ao,2j,+1, Aor = Aor, NAoxr,, and Ago = Aoa, NAoa,-
Example 4. Let k and j be fixed natural numbers.

1) A172k_1 = {T c A |T(2k71,2k) = 0}. Then A1,2k_1 is a Lie ideal.
2) Aij41 =1{T € A1 |T(2j41,25) = 0}. Then A; 9541 is a Lie ideal.
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We denote Lie ideals that are obtained by intersections of Lie ideals A1 of; 1
and A; 25, 41 as follows:
I
Air, = Mo Avok -1, Ay, = N A g +1, A, = M2 As 2k, -1,
A, = Ny As2j,+1, Air = Air, N Ay, and Ao = Aj o, NAL,.

Example 5. Let k and j be fixed natural numbers.

1) Let Agor—1 = {T € AlgLloo | T(2k-1,2k—1) = T(2k,2k) and T(op_1 2) =
0}. Then Aj 251 is a Lie ideal.

2) Let A272j+1 = {T S Algﬁoo |T(2]72]) = T(2j+1,2j+1) and T(2j+1,2j) = 0}
Then Aj 2;41 is a Lie ideal.

We denote Az 21 N Az 241 by A2 2r6—1,2j+1-
Proof. 1) Let A be an operator in AlgA,, and T be an operator in Ag op_1.
Since the (2k — 1, 2k)-entry of AT and the (2k — 1, 2k)-entry of T A are
G2k—1 2k—1l2k—1 2k + Q261 2&lok 2k = A2k—1 2kt2k 2% and
tok—1 2k—102k—1 2k + t2k—1 2k02k 2k = t2k—1 2k—102k—1 2k-
So AT and TA are not in Ajo,—1. Hence Agor—1 is not a left ideal and
not a right ideal. Since T{ox—1,26—1) = T(2k,2k), the (2k — 1,2k)-component of
AT —TA is zero. Hence AT — T A is in A op—1. So Az 2,—1 is a Lie ideal.
2) Let A be an operator in AlgA., and T be an operator in A 9;41. Since
the (25 + 1, 2j)-entry of AT and the (25 + 1, 2j)-entry of T A are
a2j+1 25t2j 25 + Q241 2j+1t2j+1 25 = Q2541 2525 25 and
tojr1 25025 25 + t2j41 254102541 25 = t2j41 254102541 25,

AT and T'A are not in Az 2541. Hence A 2541 is not a left ideal and not a right
ideal. Since T{(2j11,2j+1) = T(2j,25), the (25 + 1,2j)-component of AT —T'A is

zero. Hence AT —TAisin Az j41. So Az 241 is a Lie ideal. O
Example 6. Let k, j and [ be natural numbers.
1) Let Bk,l = {T S Algﬁoo |T(k,k) = T(k+1,k+l) == T(k+l,k+l)}' Then
By, is a Lie ideal.
2) Let Broo = {T € AlgLloo | T(ie,k) = Ttht1,k4+1) = -+ }- Then By o is a

Lie ideal and Bj o = A;.
3) Let A = {(ki,li) | ki +1; < kit1, ¢ = 1,2,...,n}. Then we denote
ﬂ?:lBki,li by Ba and Ba N Bk,oo by B/\,k,oo; where k, +1,, < k.

Example 7. Let k and n be natural numbers (n > 1).
1) Let Apor—1 ={T € Bog—1,n—1 | T(2k—1,26) = 0}. Then A, 251 is a Lie
ideal and Ag,gk_l = {T S B2k—1,1 |T(2k—1,2k) = 0}.
2) Let An,2j+1 = {T S 62j7"—1 |T(2j+1,2j) = 0} Then .An72j+1 is a Lie
ideal and A2,2j+1 = {T S 62j71 |T(2j+1,2j) = 0}
For k > 1,
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3) Let Cn,2k—1 = {T S sz721n71 |T(2k—1,2k) = 0}. Then Cnygkfl is a Lie
ideal.
4) Let Cn72j+1 = {T S B2j—1,n—1 |T(2j+1,2j) = 0} Then Cn72j+1 is a Lie
ideal.
Example 8. Let k and j be natural numbers.
1) Let Aoo,2k—1 = {T € Bak—1,00 |T(2k71,2k) = 0}. Then Aoo,2k—1 is a Lie
ideal.
2) Let -Aoo,2j+1 = {T c BQj,oo|T(2j+1,2j) = 0} Then -Aoo,2j+1 is a Lie
ideal.
For k > 1,
3) Let Coo2k—1 = {T € Bak—2,00 |T(2k—1,2k) = 0}. Then Coo 21—1 is a Lie
ideal.
4) Let Coo,2j+1 = {T S BQJ;LOO |T(2j+1,2j) = 0} Then Cm72j+1 is a Lie
ideal.
Example 9. Let Q be a nonempty subset of N and let
Aq ={T € AlgLo | T(11) = 0 for all k € Q}.
Then Agq is a Lie ideal in Algl ..

Remark. Let k be a fixed natural number. Let I',,(T;) be a set of finite nat-
ural numbers containing k(j) and 1(€Q2) be a set of infinite natural numbers
containing I';, (Y;) respectively. Then the following diagram 1 shows the rela-
tionships between Lie ideals introduced on the above examples. We will prove
them in Section 4. Each arrow between Lie ideals means set inclusion relation-
ship. The diagram holds for 25 + 1, T; and €25 instead of 2k — 1, I';, and €4,
respectively.

Let (Fn) = {(Qki - 1,1) | ki € Fn}a (Tl) = {(ij’ 1) |JP € Tl}’ (Ql) =
{(2k; = 1,1) | ki € D}, (Q2) = {(24p, 1) | jp € Q2}. Then we have the following
diagram:

B(Q) — B(Ql) — B(Fn) — B2k—1,1 — Algﬁoo

T T T 1) T

Asg — A, — Aor, — As2k-1 — Broeo

1) T 1) 1) 1)

Al,Q — A1,91 — Al,Fn - A1,2k—1 - Ay

T T T 1) 1)

{0} — Apo— Ao, — Aor, = Aook-1 = Ag
Diagram 1.

3. Properties of Lie ideals in Algl .,

In this section we investigate some properties of Lie ideals in AlgL.,. The
following theorems show necessary and sufficient conditions in which a linear
manifold can be a Lie ideal in Algl .



LIE IDEALS IN TRIDIAGONAL ALGEBRA ALGLo 355

Theorem 1. Let k be a fized natural number. Let A be a linear manifold in
AlgLo such that Tiop—1,2r) = 0 for all T in A. Then A is a Lie ideal if and
only if Top—1,26—1) = Tan,2k) for all T € A.

Proof. Let T = (t;;) be an operator in A and A = (a;;) be in AlgL,,. Since
the (2k — 1, 2k)-component of AT — T A is
aok—1 2k (tok 2k — tak—1 26—1) + tok—1 26(A2k—1 26—1 — G2k 2k),
tor—1 21 = 0 and A is a Lie ideal,
(%) ask—1 2k (tak 2k — tok—1 26.—1) =0 for all A € AlgL.
Since (*) holds for all A in AlgL,

tok—1 2k—1 = tok 2k-

The converse is just 1) of Example 5. (I
Theorem 2. Let j be a fized natural number. Let A be a linear manifold in
AlgLo such that Tij41,25) = 0 for all T in A. Then A is a Lie ideal if and
O’I?,ly Zf T(2j72j) = T(2j+1,2j+1) fO'f’ T e ./4
Proof. Suppose A is a Lie ideal. Let A be an operator in AlgL, and let T" be
an operator in A. Since the (25 + 1, 2j)-component of AT — T'A is

agjr1 2j(taj 2 — taj1 2j41) +t2j41 25(a2it1 2541 — a2j 25),
ta2j+1 25 = 0 and A is a Lie ideal,
(**) 2541 2j(t2j 25 — t2j+1 2j+1) =0 forall A S Algﬁoo
Since (*%) holds for all A in Algl,

toj 2j = t2j4+1 2j41-

The converse is just 2) of Example 5. (|
We can derive the following theorems in a similar way as the above theorem.

Theorem 3. Let ky, ks, ...k, and j1,J2,...,J1 be different natural numbers.

1) Let A be a linear manifold in AlgLlo, such that T(ap,—1,21,) = 0 (i =
1,2,...,n) for all T € A. Then A is a Lie ideal if and only if

Tioki—1,2ki-1) = Lok, 26 (1 =1,2,...,n)
for all T in A.
2) Let A be a linear manifold in AlgL., such that T(zj 41,25,) =0 (p =
1,2,...,0) for all T € A. Then A is a Lie ideal if and only if

T(ijv2jp) = T(ij+1v2jp+1) (p = 1’ 2’ Tt l)
for all T in A.
3) Let A be a linear manifold in AlgLo, such that Tiog, 12k, = 0 (i =
1,2,...,n) and T25,41,2,) =0 (p =1,2,...,1) for all T in A. Then A
is a Lie ideal if and only if T(op,—1,25,—1) = T(2k; 2k,) (0 = 1,2,...,n)
and T(2j, 25,) = T2j,41,2j,+1) (0 =1,2,...,1) for all T in A.
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Theorem 4. Let ky, ko, ... and j1,jo,... be different natural numbers.

1) Let A be a linear manifold in AlgLlo, such that T(ap,—1,21,) = 0 (i =
1,2,...) for all T in A. Then A is a Lie ideal if and only if

Toki—1.2k—1) = T2k, 26) (1 =1,2,...)
for all T in A.
2) Let A be a linear manifold in AlgLy such that T(zj,412;,) =0 (p =
1,2,...) for all T in A. Then A is a Lie ideal if and only if

T2jp235) = T2jpt1,2,41) (P =1,2,..)
for all T in A.

3) Let A be a linear manifold in AlgLo, such that Tiok,—12k,) = 0 and
T2j,41,25,) = 0 (i,p=1,2,...) for all T in A. Then A is a Lie ideal
if and only if T(2k¢—1,2ki—1) = T(2ki,2ki) and T(sz,2jp) = T(sz+1,2jp+1)
(i,p=1,2,...) for all T in A.

4. Relationships between Lie ideals in AlgLl

In this section we will investigate relationships between Lie ideals introduced
in the examples in Section 2. Each Lie ideal (showed in Section 2) is weakly
closed and each arrow on Diagram 1 in the previous section means an inclusion
relationship. Some arrows, indicated by “ = 7, between the two Lie ideals
mean that there is no Lie ideal between two Lie ideals connected by the arrow.
Every theorem in this section holds for 25 + 1, T; and €25 instead of 2k —1, T,
and Q; respectively.

Theorem 5. Let k be a fixed natural number. Let A be a linear manifold in
AlgL and let A be a Lie ideal such that Apor—1 C A C Ag. Then A =
AO,2k—1 or .A = AO.

Proof. It is sufficient to show for the case k = 1, ie., Ag1 C A C Ay =
.A = .A071 or .A = .AQ.

Assume that A # Ap 1. Then there exists T' = (t;;) € A such that T ¢ Ay 1.
Then ¢; = 0 for all i € N and ¢12 # 0. Let A = (a;;) € Ao. If a2 = 0, then
A€ Ay C A If a2 # 0, let Ay be defined by

Ar2) =0,

A1(i,5) = aij, otherwise.
Then A; € A1 C A. Let T7 be defined by

Ti1,2) =0,

T1(,5) = —tij, otherwise.
Then Ty € Ap; C A. Let To =T +T;. Then T; € A and

To(1,2) = t12,
Tg(m-) = 0, otherwise.
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Letz:%. Then 275 + A1 = A € A. Hence A = Ajp. O

The following two theorems are proved in a similar way as Theorem 5.

Theorem 6. Let k be a fized natural number and Ty = {k = ky, k2}.
1) If A is a Lie ideal such that Ay o5,_1 C A C Ay, then A= Ay 251 or

A=A

2) If A is a Lie ideal such that Ao, C A C Ag2k-1, then A= Ay, or
A= Agar-1-

3) If Ais a Lie ideal such that Ay r, C A C Aj 251, then A= Ay p, or
A=A 2k-1-

Theorem 7. Let k = k1 < ks < --- < k,. Let T = {kl}, I'y = {kl,kg},
Fg = {I{?l,kg,k/’z;}, ceey Fn = {kl,.. ;kn} and Ql = {I{Jl,kg,. } Then

Ao, C---CAor, CAor, , C- CAor, C Ao2k—1 = Aoy,
Ao, C--CAyr, CAip,_, C- C AL, CAr2p—1 = AL,

And there is no Lie ideal between the above two adjacent Lie ideals.

Proof. The last inclusion is proved by Theorem 5. The other inclusions are
proved in the same way. O

Theorem 8. Let k be a fired natural number. Let A be a linear manifold
in AlgL and let A be a Lie ideal such that Bog—11 C A C AlgLs. Then
.A = B2k71,1 or .A = Alg[,oo.

Proof. It is enough to show for the case k = 1, ie,, Bi11 C A C Algl =
A=DBy;or A= Algl. If A # By 1, then there exists T = (¢;;) € A such
that T ¢ By1. Then t11 # t22. Let A = (a;5) € Alglo. If a11 = age, then
A€ B C A If a1 # a2, let Th be defined by

Ti1,1) =Ti(2,2) =0,
Tl(m-) = —t;j, otherwise.
Let To =T +T,. Then T € A.

Let A; and As be defined by

A1) = A1) = 1, A2(1,1) = A2(2,2) = 0,
and
A1) = 0, otherwise 2(i,j) = @ij, otherwise.

Then A; and Ay are in By;. So A1,A2 € A Let o = S4=922 and y =

ti1—t22

Lnage—te2a1y  Then g1, + yA; + Ay = A € A. Hence A = Algl.. [l

ti1—t22

Theorem 9. Let A be a linear manifold in AlgL., and let A be a Lie ideal
such that Ag C AC Ay. Then A= Ay or A= A;.



358 JOO HO KANG

Proof. If A # Ay, then there exists T = (t;;) € A such that T ¢ Ao, i.e.,
tii =t;; #0foralli+# j. Let A= (ai;) € A1. We define T7 and A; as follows:

TiG, =0 for all i € N, Ay =0 foralli€eN,
’ o and ’ o

Tl(iyj) = —lij for ¢ 7£ J Al(iﬁj) = Q45 for 7 7& 7.
Then 11,41 € Ag C A. Let Ty =T +T;. Then Ty € A and

TQ(,L'J') =t1; forallieN,
TQ(i,j) =0 for 4 75 j

Letz:%. Then 215 + Ay = A € A. Hence A = A;. O

The following theorem is proved in the same way as Theorem 9.

Theorem 10. Let k be a fized natural number. Let A be a Lie ideal in AlgL
such that A012k71 CcAC Al,zkfl- Then A = A072k71 or A= A172k71.

Theorem 11. Let T, = {k1,...,kn}. Then

1) Let A be a linear manifold in AlgLs, such that Agr, C A C Air,.
Then A is a Lie ideal.

2) Let A be a linear manifold in AlgLs such that Aypr, C A C Aar,.
Then A is a Lie ideal.

Proof. 1) Let A = (aij) € AlgLand T = (tij) € A. Then (AT—TA)@kifl,Qki)
= ok, —12k; (t2k;2k; — toki—12k;—1) + t2k; —12k; (G2k; —12k;—1 — tok,2k,) = O for all
i=1,2,...,nand (AT —TA) 4 =0forallk € N. So AT-TAe Ay r, C A
Hence A is a Lie ideal.

2) The proof is the same as 1). O

Theorem 12. Let k be a fized natural number.

1) Aiok—1 C Azok—1 C Az k-1 and Ay op—1 C C39p—1 C Az ox—1 (when
k#£1).
2) Let A be a Lie ideal such that Aszor—1 C A C Agok—1. Then A =
Asor—1 or A= Az op_1.
3) Let A be a Lie ideal such that Cs2r—1 C A C Agoi—1 (when k # 1).
Then A = C312k71 or .A = A272k71.
4) Aiop—1 C Aso2k—1 C -+ C Agok—1 C Az ok—1 and Ay k-1 C Coo 2k—1
C - CCa2k-1 CC30%—1.
Proof. 1) and 4) are obvious and we prove only 2).
2) It is enough to prove this for the case & = 1. Let A # Az, and let
T = (tij) € A such that T ¢ .Agﬁl. Since T € A C .A2,1; t11 = ta2 7é t3s. Let T}
be defined by
T, = Ti2,2) = T1(3,3) = —ti1,
Tl(m-) = —t;;, otherwise.
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Then Ty € A3 C A. Let To =T +T;. Then T; € A and

T5(3,3) = t33 — t11,

T5 (i 5y = 0, otherwise.
Let A = (aij) (S Ag,l. If ai] = a2 = Aas3, then A € A3,1 c A If a1 = ao2 75
ass3, let v = 233=211  Then 275 € A and

tgz—ti1 °

xT3(3,3) = azs — a1,
xT5(;,5) = 0, otherwise.

Let A; be defined by
Al(l,l) = A1(272) = A1(373) = a1,
Al(i7_j) = a;;, otherwise.
Then A; € A31 C Aand A= A; + 2T € A. Hence A= Ajy ;.

3) It is proved in a similar way as 2). O

Theorem 13. Let k be a fized natural number. Let A be a Lie ideal in AlgL
such that Ag,gk_1 CcCAC B2k—1,1- Then A = .A272k_1 or A= BQk—Ll'

Proof. 1t is sufficient to show for the case k = 1, ie.,, Ao1 C A C Bi1 =
A= A1 or A = By1. Suppose that A2 # A Let T = (t;;) € A and
T ¢ .A271. Then t1o 75 0, t11 = too. Let A = (aij) c 61,1. Then a1 = ago.

If a12 =0, then A € Ay ; C A. If 12 # 0, let we define T} by

Ti1,) =T1(2,2) = —ta1,
T2 =0,
Ty =
Then Ty € Ay1 C A. Let T, =T 4+ T3. ThenT, € A and
Ty (1,2) = t12,
Ta(;,5) = 0 for (i,5) # (1,2).

Let z = ‘%2 and let A; be defined by

—t;;, otherwise.

A1y = A1) = @,

Ai12) =0,
A1(,5) = aij, otherwise.
Then Ay € Ay and A=A +2Tr € A So A=Cy 1. 0

Theorem 14. Let B = Az1 N B3 and let T'y = {1,2}.
1) Ao, CBC Ag;.
2) Let A be a Lie ideal such that BC AC As1. Then A=8B or A= Ay ;.
3) Let A be a Lie ideal such that Ao, C AC B. Then A=Ay, or A=B.
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Proof. 2) Assume that B # A. Then there exists T = (t;;) € A such that
T ¢ B. Then t12 = O, t11 = t22 and t33 75 t44. Let A = (aij) S Ag,l. Then
ayilp = ag2 and a1p = 0.

Case 1. If azz = aqq, then A € B C A.

Case 2. Assume that ags # agq. Then let A; be defined by

A13,3) = A1(a,4) = —tua,
A1(i,5) = aij, otherwise.

Then A; € B C A. Let T1 and 77 be defined by

Ti(33) = Ti(4,4) = —taa, and Ti(33) = T1(4.4) = —t33,
T1(;,j) = —tij, otherwise Tll(i,j) = —t;;, otherwise,
and To =T + 711 and T35 = T—f—Tl/ Then T5,T5 € A. So Ay = Haig T e A
and Az = t4fj‘;33 T3 € A. Hence A= A; + Az + Az € A. Therefore A= Aj ;.
3) Assume that Asp, # A. Then there exists T = (t;;) € A such that
T ¢ ./421{‘2. Then t11 = tag, t12 = 0, t33 = t44 and t3y 7é 0. Let A = (aij) eB.
Then a1l = 0, aj]p = a2 and a3z3 = Q44. Let Al be defined by

A13,4) =0,
A1i,j) = aij, otherwise.
Then Ay € Ay, C A. Let Ty be defined by

Ti3,4) =0,
T1(;,j) = —tij, otherwise.

Then 77 € Asr, C A. Let To =T + T1. Then Ty € A. Since t34 # 0, let
Ay = 44Ty Then Ay € Aand A= Ay + Ay € A. Therefore B = A. O

The above theorem holds for any {k1, k2} instead of {1,2} and can be gen-
eralized as the following theorem.

Theorem 15. Let k = k1 < ko < -+ < k. Let Ty = {k = k1}, T2 =
{1{31, kQ}, Fg = {kl,k/’g, kg}, “ee ,Fn = {kl, ey kn} and Ql = {/{31, kQ, .. } Let
B= Ag,gki_l N 82k¢+1—1,1' Then
1) A2, C---CAar, CAar, , C--- CAar, C Agop-1=Aar,.
2) Let A be a Lie ideal and B ¢ A C Asr, ,. Then A =B or A =
Aar,_,-
3) Let A be a Lie ideal and Agr, C ACB. Then A= Aar, or A=B.
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