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ABSTRACT. Separable extensions of noncommutative rings have already been studied
extensively. Recently, N. Hamaguchi and A. Nakajima introduced the notions of weakly
separable extensions and weakly quasi-separable extensions. The purpose of this paper
is to give some improvements and generalizations of Hamaguchi and Nakajima’s results.
We shall characterize weakly separable polynomials, and we shall show the difference
between the separability and the weakly separability in skew polynomial rings.

1. INTRODUCTION

Throughout this paper, A/B will represent a ring extension with common identity 1.
Let M be an A-A-bimodule, and z, y arbitrary elements in A. An additive map 9 is said
to be a B-deriwation of A to M if §(xy) = §(z)y + zd(y) and () = 0 for any o € B.
Moreover, § is called central if 6(x)y = yd(x), and 0 is called inner if §(x) = mx — xm
for some fixed element m € M. We say that a ring extension A/B is separable if the
A-A-homomorphism of A ®g A onto A defined by a ® b — ab splits. It is well known
that A/B is separable if and only if for any A-A-bimodule M, every B-derivation of A
to M is inner (cf. [1, Satz 4.2]). In [12], Y. Nakai introduced the notion of a quasi-
separable extension of commutative rings by using the module differentials, and in the
noncommutative case, it was characterized by H. Komatsu [8, Lemma 2.1] as follows :
A/ B is quasi-separable if and only if for any A-A-bimodule M, every central B-derivation
of A to M is zero. Recently, N. Hamaguchi and A. Nakajima gave the following definitions
as generalizations of separable extensions and quasi-separable extensions.

Definition 1. ([2, Definition 2.1]) (1) A/B is called weakly separable if every B-derivation
of A to A is inner.
(2) A/B is called weakly quasi-separable if every central B-derivation of A to A is zero.

Obviously, a separable extension is weakly separable and a quasi-separable extension is
weakly quasi-separable. Moreover, a separable extension is quasi-separable by [8, Theorem
2.4].

Let B be a ring, p an automorphism of B, D a p-derivation, that is, D is an additive en-
domorphism of B such that D(af) = D(a)p(8)+aD(5) for any «, 5 € B. B[X; p, D] will
mean the skew polynomial ring in which the multiplication is given by a X = X p(«a)+D(«)
for any o € B. We write B[.X; p] = B[X; p,0] and B[X; D] = B[X;1, D]. By B[X; p, D]
we denote the set of all monic polynomials g in B[X;p, D] such that ¢B[X;p, D] =
B[X;p, D]g. Let f be in B[X; p, D]gy. Then the residue ring B[X; p, D]/ fB[X;p, D] is a
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free ring extension of B. We say that f is a separable (resp. weakly separable, weakly quasi-
separable) polynomial in B[X;p, D] if B[X;p, D]/ fB[X;p, D] is separable (resp. weakly
separable, weakly quasi-separable) over B.

In section 2, we treat weakly separable polynomials over a commutative ring B. In [10,
Theorem 2.3], T. Nagahara showed that a separable polynomial f(X) in B[X] has a close
relationship with the invertibilities of its derivative f’(X) and its discriminant 6(f(X)).
We shall characterize the weakly separability of f(X) in terms of the properties of f'(X)
and 0(f(X)).

In section 3, we study weakly separable polynomials and weakly quasi-separable poly-
nomials in skew polynomial rings. When B is an integral domain, N. Hamaguchi and
A. Nakajima gave necessary and sufficient conditions for weakly separable polynomials
in B[X;p] and B[X; D] (cf. [2, Theorem 4.1.4 and Theorem 4.2.3]). We shall try to
give sharpenings of their results for a noncommutative coefficient ring B. Moreover, we
shall show the difference between the separability and the weakly separability in skew
polynomial rings B[X; p] and B[X; D], respectively.

2. WEAKLY SEPARABLE POLYNOMIALS OVER A COMMUTATIVE RING

In this section, we shall study weakly separable polynomials over a commutative ring.
It is well known that a (noncommutative) ring extension A/B is separable if and only if
there exists >, 7; ® y; € (A ®p A)4 such that > y; = 1, where (A ®p A ={ue
A®pAl|xzp = px for any x € A} (cf. [3, Definition 2]). First we shall state the following.

Lemma 2. ([15, Lemma 2.1]) Let A/B be a commutative ring extension. If there exists
2.2 ®y; € (A®p A)A such that > TY; s a non-zero-divisor in A, then A/B is weakly
separable.

Now, let B be a commutative ring. For a monic polynomial f(X) € B[X], f/(X) and
d(f(X)) will mean the derivative of f(X) and the discriminant of f(X), respectively. As
was shown in [10, Theorem 2.3], a polynomial f(X) in B[X] is separable if and only if
d(f(X)) is invertible in B, or equivalently, f'(X) is invertible in B[X] modulo (f(X)).
In [2], N. Hamaguchi and A. Nakajima proved that f(X) = X™ — Xa — b is weakly
separable in B[X] if and only if 6(f(X)) is a non-zero-divisor in B, or equivalently, f'(X)
is a non-zero-divisor in B[X] modulo (f(X)) (cf [2, Theorem 3.1 and Corollary 3.2]). For
a monic polynomial f(X), we have the following.

Theorem 3. ([15, Theorem 2.2|) Let B be a commutative ring, and f(X) a monic poly-
nomial in B[ X]. The following are equivalent.

(1) f(X) is weakly separable in B[X].

(2) f/(X) is a non-zero-divisor in B[ X| modulo (f(X)).

(3) 8(f(X)) is a non-zero-divisor in B.

Remark 4. In Theorem 3, it is already known that (2) and (3) are equivalent by [10,
Theorem 1.3].
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3. WEAKLY SEPARABLE POLYNOMIALS IN SKEW POLYNOMIAL RINGS

In [2], N. Hamaguchi and A. Nakajima characterized weakly separable polynomials
and weakly quasi-separable polynomials in skew polynomial rings B[X; p] and B[X; D]
when B is an integral domain. In this section, we shall generalize their results for a
noncommutative coefficient ring B.

We shall use the following conventions :

Z = the center of B

Va(B) = the centralizer of B in A

B ={a € B|p(a) = a}

B ={a € B|D(a) =0} and Z° = Z N BP

D(B) ={D(a) |« € B}

3.1. Automorphism type. We consider a polynomial f in B[X; p] of the form
f=X"+ X" a1+ -+ Xay+ay = ZXjaj (am =1, m >2).

By [4, Lemma 1.3], f is in B[X; p|(o) if and only if

aa; =ajp" () (e€B, 0<j<m-1),

pla;) — aj = ajri(p(am-1) = am-1) (0 < j <m—2),

ao(p(am-1) — am-1) = 0.
Weset A = B[X;p|]/fB[X;p|,and x = X+ fB[X;p] € A. Now we let f be in B[X; p|)N
Br[X]. Then there is an automorphism p of A which is naturally induced by p, that is, p is
defined by p(3_7" o aley) = Z;"_O 27p(c;). We write Jx» = {h € A|ah = hp*(a) (o € B)}
(k > 1), V = Vu(B), and V? = {h € V|p(h) = h}. Then we consider a V*-V7-
homomorphism 7 : J, — J,» defined by

7(h) = 2™ Z_j 7 (h) + 2™ X_j P (W)am—1 + -+ a{p(h) + h}az + ha,
j=0 J=0

First we shall state the following.

Lemma 5. ([15, Lemma 3.1]) If 6 is a B-derivation of A, then é(x) € J, and 7(6(z)) = 0.
Conversely, if g € J, with 7(g) = 0, then there exists a B-derivation 6 of A such that

iz)=g.
Now we shall give the following which is a sharpening of [2, Theorem 4.1.4].

Theorem 6. ([15, Theorem 3.2]) Let f = X™ + X" 'a, 1 + -+ + Xay + ag be in
B[X;ployN B?IX]. Then f is weakly separable in B[X; p| if and only if

{9 € Jpl7(9) = 0} ={x(p(h) = h) [h € V}.
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In virtue of Theorem 6, we shall show the difference between the separability and the
weakly separability in B[X; p] as follows.

Theorem 7. ([15, Theorem 3.4]) Let m be the order of p, f = X™ + X™ a,, 1 +---+
Xay + ag in B[X; plo) N BP[X], C(A) a center of A, and I, an inner derivation of A by
x (that is, I.(h) = hx — xh for any h € A).

(1) f is weakly separable in B[X;p| if and only if the following sequence of V-V 7-
homomorphisms is exact:

0— C(A) v Loy g Ty V7,

(2) f is separable in B[X; p| if and only if the following sequence of VP-VP-homomorp-

hisms 1is exact:
inj

O——»CXA)——»L’——>J VP —0.

Remark 8. In this section, we assumed that f is in B[X; p|)NB?[X]. However, in general
case, a polynomial which is in B[.X; p|(g) is not always in B*[X]. Concerning this, we have
already known by [4, Corollary 1.5] that if B is a semiprime ring then every polynomial
in B[X; pl(o) is in C(B*)[X], where C'(B*) is the center of B*.

At the end of this section, we shall mention briefly on weakly quasi-separable polyno-
mials in B[X; p]. When B is an integral domain, N. Hamaguchi and A. Nakajima proved
that every polynomial in B[X; p] () is weakly quasi-separable (cf. [2, Theorem 4.1.1]). For
an arbitrary ring B, we have the following.

Proposition 9. ([15, Proposition 3.5]) (1) If p # 1 and {p(c) — c|c € B} contains a
non-zero divisor, then every polynomial in B[X; pl.) is weakly quasi-separable.

(2) Let f = X™ —u be in B[X; plw). If m and v are non-zero-divisors in B, then f is
weakly quasi-separable in B[ X; p).

3.2. Derivation type. In this section, let B be of prime characteristic p, and we consider
a p-polynomial f in B[X; D) of the form

F=X" 4 XV ootk XPhy+ Xby+bg = > XP by + by (bess = 1).
j=0

We set A = B[X;D]/fB[X; D], and x = X + fB[X; D] € A. By [4, Corollary 1.7], f is
in B[X; D] if and only if

boEBD, ijrlGZD (Ogjge—l),
ZDpj(Oé)ijrl = boOé - Oébo (Oé € B)

Since f is in BP[X], there is a derivation D of A which is naturally induced by D, that is, D
is defined by D(Zp S ade) = > a7 D(c;). We write V = Va(B), D(V) = {D(h)| h €
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V}, and VP = {v € V|D(v) = 0}. Then we consider a V-V P-homomorphism 7 : V —s
VP defined by

7(h) = Epefl(h) + Dpkl*l(h)be + -+ Dpil(h>b2 + hb,
= D" M (h)bju.
=0

First we shall state the following.

Lemma 10. ([15, Lemma 3.7]) If 0 is a B-derivation of A, then §(z) € V and 7(§(z)) = 0.
Conversely, if g € V with 7(g) = 0, then there exists a B-derivation 6 of A such that

6(z) =g
Now we shall give a sharpening of [2, Theorem 4.2.3]

Theorem 11. ([15, Theorem 3.8]) Let f = X?* + X?" b, + - + XPby + Xby + by be in
B[X; D)oy. Then f is weakly separable in B[X; D] if and only if

{geVir(g) =0} =D(V).

In virtue of Theorem 11, we shall show the difference between the separability and the
weakly separability in B[X; D] as follows.

Theorem 12. ([15, Theorem 3.10]) Let f = XP° + XP" b4 - - 4+ XPby + Xby + by be in
B[‘XV7 D] (0)- _ _

(1) f is weakly separable in B[X; D] if and only if the following sequence of VP-VP-
homomorphisms is exact:

0— VP, y Dy T yh
(2) f is separable in B[X; D] if and only if the following sequence of VP VP _homomorp-
hisms is exact:

0— YD M,y Doy ToyD g

Remark 13. Also when B is arbitrary ring and f is a monic polynomial in B[X; D],
Theorem 11 is true. However, we can not prove yet Theorem 12 in the case.

Finally, we shall mention briefly on weakly quasi-separable polynomials in B[X; D]. As
same as automorphism type, N. Hamaguchi and A. Nakajima proved that every polyno-
mial in B[X; D] is weakly quasi-parable when B is an integral domain (cf. [2, Theorem
4.2.1]). For an arbitrary ring B, we have the following.

Proposition 14. ([15, Proposition 3.11]) (1) If D(B) contains a non-zero-divisor, then
every polynomial in B[X; D]y is weakly quasi-seprable.

(2) Let f = X* + XP b+ -+ XPhy+ X by + by be in B[X; D). If by is a non-zero-
divisor in B, then f is wakly quasi-separable.
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