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ABSTRACT. Separable extensions of noncommutative rings have already
been studied extensively. Recently, N. Hamaguchi and A. Nakajima in-
troduced the notions of weakly separable extensions and weakly quasi-
separable extensions. They studied weakly separable polynomials and
weakly quasi-separable polynomials in the case that the coefficient ring is
commutative. The purpose of this paper is to give some improvements
and generalizations of Hamaguchi and Nakajima’s results. We shall
characterize a weakly separable polynomial f(X) over a commutative
ring by using its derivative f'(X) and its discriminant §(f(X)). Fur-
ther, we shall try to give necessary and sufficient conditions for weakly
separable polynomials in skew polynomial rings in the case that the
coefficient ring is noncommutative.

1. INTRODUCTION

Throughout this paper, A/B will represent a ring extension with common
identity 1. Let M be an A-A-bimodule, and x, y arbitrary elements in A.
Then an additive map 0 is called a B-derivation of A to M if é(xy) =
d(x)y + x6(y) and 6(a) = 0 for any o € B. Moreover, 0 is called central
if 6(x)y = yd(x), and ¢ is called inner if 6(x) = max — zm for some fixed
element m € M. We say that a ring extension A/B is separable if the
A-A-homomorphism of A ®p 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 [13], 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 [9, 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 in [2], N. Hamaguchi and A. Nakajima gave the
following definitions as generalizations of separable extensions and quasi-
separable extensions.

Definition 1.1. [2, Definition 2.1] (1) A/B is called weakly separable if
every B-derivation of A to A is inner.
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(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 [9, Theorem 2.4].

Let B be aring, p an automorphism of B, D a p-derivation, that is, D is an
additive endomorphism of B such that D(af) = D(a)p(8) + aD(p) for any
a, B € B. B[X;p, D] will mean the skew polynomial ring in which the multi-
plication is given by a X = Xp(«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 gB[X; p, D] = B[X; p, D]g.
Let f be in B[X;p, D](g). Then the residue ring B[X; p, D]/ fB[X; p, D] is a
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.

Separable polynomials in skew polynomial rings have been extensively
studied by K. Kishimoto, T. Nagahara, Y. Miyashita, and S. Ikehata (see
References). T. Nagahara studied separable polynomials over a commuta-
tive ring and separable polynomials of degree 2 in skew polynomial rings
thoroughly. He characterized a separable polynomial f(X) over a commu-
tative ring by using its derivative f’(X) and its discriminant §(f(X)) as
follows :

Proposition 1.2. [11, Theorem 2.3] Let B be a commutative ring, and
f(X) a monic polynomial in B[X]. Then the following are equivalent.

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

(2) f/(X) is invertible in B[X] modulo (f(X)).

(3) 6(f(X)) is invertible in B.

Concerning separable polynomials in skew polynomial rings, Y. Miyashita
proved the following.

Proposition 1.3. [10, Theorem 1.8] Let f = X™ + X" la, 1 + -+ +
Xay + ag be in B[X;p,D]g). We set A = B[X;p,D]/fB[X;p,D] and
x =X+ fB[X;p,D]. Then f is separable in B|X;p, D] if and only if there
exists h € A sugh that pm_'l(oz)h = ha for any o € B and Z?L:_()l yihal =1,
where y; = g I gmTi 2, +zaji2+aj1 (0<j <m—2) and
Ym—-1 = 1.

Recently in [15], the author and S. Ikehata gave alternative proofs of

the above proposition in B[X;p] and B[X; D], respectively. In addition,
S. Ikehata gave some refinements and sharpenings of Miyashita’s results
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concerning separable polynomials in skew polynomial rings (cf. [4], [5], [6],
[7]).

In [2], N. Hamaguchi and A. Nakajima studied weakly separable polyno-
mials over a commutative ring. They also studied weakly separable poly-
nomials and weakly quasi-separable polynomials in skew polynomial rings
B[X;p] and B[X;D] when B is an integral domain. The purpose of this
paper is to give some refinements and generalizations of their results which
were obtained in [2].

In section 2, we treat weakly separable polynomials over a commutative
ring. As mentioned above, a separable polynomial f(X) in B[X] has a close
relationship with the invertibilities of its derivative f/'(X) and its discrim-
inant 0(f(X)). We shall characterize the weakly separability of f(X) in
terms of the properties of f/(X) and §(f(X)).

In section 3, we study weakly separable polynomials and weakly quasi-
separable polynomials in skew polynomial rings. When B is an integral
domain, N. Hamaguchi and A. Nakajima gave necessary and sufficient con-
ditions 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
study the relationship 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 com-
mutative ring. It is well known that a (noncommutative) ring extension A/B
is separable if and only if there exists ), z; ® y; € (A ®p A)4 such that
>_;jzjy; = 1, where (A ®p AA ={p e A®p A|lzp = px for any x € A}
(cf. [3, Definition 2]). First we shall prove the following.

Lemma 2.1. Let A/B be a commutative ring extension. If there ezists
2T ®y; € (A®p A)4 such that >_; ®;Y; 18 a non-zero-divisor in A, then
A/ B is weakly separable.

Proof. Let D be a B-derivation of 4, and ), z; ® y; in (A ®p A)A such
that > ;%jy;j is a non-zero-divisor in A. Then we consider the following
A-B-homomorphisms :

ARpA — A®RpA — A
xRy +— xz®D(y) —— xD(y)
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Since azj Tj®Y; = Zj z; ® yja for any o € A, we have
O‘Z z;D(y;) = ijD(yjoa) = ijD(yj)oz + Z z;y; D(a),
J J J J

and hence Zj xjy;D(ar) = 0. Since Zj x;y; is a non-zero-divisor in A, we
obtain D(a) = 0. Therefore A/B is weakly separable. This completes the
proof. [

Example. Let B be a ring, G a finite group of order n, and A = B[G], that
is, A is a group ring of G over B. Then it is easily seen that deG gRqg ! e
(A®p A)A, and hence A/B is separable if n (= >geG gg~1) is an invertible
element. When B is commutative and G is abelian, if n is a non-zero-divisor
in A then A/B is weakly separable by Lemma 2.1. Moreover, it is also true
when B is noncommutative and G is abelian. In fact, for any B-derivation
D of A and a € A, we see that

a) gD(g™")=> gD(g'a)=> gD(g a+> gg ' D(a).

geG geG geG geG

Noting that D(g™1) is in the center of A, we have nD(a) = 0. Hence if n is
a non-zero-divisor in A then D =0 .

Now, let B be a commutative ring. For a monic polynomial f(X) € B[X],
f(X) and 0(f(X)) will mean the derivative of f(X) and the discriminant
of f(X), respectively. Then a separable polynomial f(X) in B[X] is char-
acterized as Proposition 1.2 by using f/(X) and 6(f(X)). In [2], N. Ham-
aguchi and A. Nakajima studied the weakly separability of a polynomial
f(X)=X"™— Xa—bin B[X]. They 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]). Now we shall give a sharpening of their
result.

Theorem 2.2. Let B be a commutative ring, and f(X) a monic polynomial
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) §(f(X)) is a non-zero-divisor in B.

Proof. 1t is already known that (2) and (3) are equivalent by [11, Theorem
1.3]. We shall show that (1) and (2) are equivalent. Let f(X) = X" +
Xm Lo, 14+ Xaj+ag bein B[X], A= B[X]/(f(X)), z = X +(f(X)),
and f'(z) = f/(X) + (f(X)) € A.
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(2) = (1). It follows from [15, Lemma 2.1] (or [15, Lemma 3.1]) that
m—1
(Aop At ={)_yh@a!|he A},
j=0

where y; = 2™+ 2™ a4+ Fzajpe+ajy (0<j <m—2) and

Ym—1 = 1. In particular, we see that Z?”:—Ol y; ® 27 € (A®p A). Noting
that f/(x) = Z;”:_Ol y;x? and f’(x) is a non-zero-divisor in A4, f(X) is weakly
separable in B[X] by Lemma 2.1.

(1) = (2). Assume that f'(z)g(z) = 0 for some g(x) € A. We can then
construct a B-derivation D of A such that D(z) = g(x) because D(f(x)) =
f(x)D(z) = f'(x)g(x) = 0. Since f(X) is weakly separable, we have g(x) =
0. This completes the proof. [

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

V4(B) = the centralizer of B in A

B ={a € B|p(a) = a}

BP ={a € B|D(a) =0} and ZP = Zn BP

D(B) ={D(e) |« € B}

3.1. Automorphism type. In this section, we consider a polynomial f in
B[X; pl() of the form

F=X"4+ X" ap 4+ Xar+ao=> Xa; (am =1, m>2).
5=0
We set A = B[X;p|/fB[X;p], and z = X + fB[X;p] € A. By [4, Lemma
1.3], f is in B[X; p|( if and only if
aa; = azp"I(a) (@€ B, 0<j<m—1),
pla;) — aj = ajp1(p(am-1) — am-1) (0 <j <m—2),
ap(p(am-1) — am—1) = 0.
Now, we let f be in B[X; p]g) N B?[X]. Then there is an automorphism / of
A which is naturally induced by p, that is, p is defined by ﬁ(zgnz_ol zlej) =
Sy alp(cj). We write J = {h € Alah = hpF(a) (a € B)} (k > 1),
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V = Va(B), and VP = {h € V|p(h) = h}. Then we consider a VP-VP-
homomorphism 7 : J, — J,m defined by

m—1 m—2
hy=a""' " (h)+ 22 (h)am—1 + - 2{p(h) + h}as + hay
j=0 j=0

m—1 k ‘
=Y P e
=0  j=0
First we shall prove the following.

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

Proof. Let § be a B-derivation of A. It can be easily seen that ad(x) =
§(z)p(a) for any a € B. Since §(zF) = 2F~1 Zf 01 p'(6(z)) (k > 2), we have

m m—1 m—1
=00> afar) =) 6" Nagp =) aF Z 7 (0(z))ans = 7(6(2)).
k=0 k=0 k=0  j=0

Conversely, Let ¢ = go + fB[X;p] (90 € B[X;p]) be in J, such that
7(g) = 0. Since agy = gop(a) (o € B), we can define a B-derivation §*
of B[X;p] such that 6*(X) = go. Moreover, since 7(g) = 0, it is easy to
see that 6*(f) € fB[X;p]. Hence there is a B-derivation § of A such that
d(x) = g which is naturally induced by §*. This completes the proof. O

Now we shall give a sharpening of [2, Theorem 4.1.4]

Theorem 3.2. Let f = X"+ X" la,_1+---+Xai+ag be in B[X; plo)N
BP[X]. Then f is weakly separable in B|X;p| if and only if

{9 € Jpl7(9) =0} = {z(p(h) = h)[h € V}.

Proof. Assume that {g € J,|7(g) = 0} = {«(p(h) — h)|h € V}, and let §
be a B-derivation of A. Then it follows from Lemma 3.1 that §(z) € {g €
J,|7(g) = 0}, and hence §(x) = z(p(h) — h) = hx — xh for some h € V.
Then it is easy to see that §(w) = hw — wh for any w € A. Therefore ¢ is
inner.

Conversely, assume that f is weakly separable, and let g be an element
in J, such that 7(g) = 0. Then we can define a B-derivation ¢ of A such
that 6(x) = g by Lemma 3.1. Since f is weakly separable, we obtain g =
d(x) = he — xh = x(p(h) — h) for some h € V. Thus {g € J,|7(g9) =
0} C {z(p(h) —h)|h € V}. It is easy to see that {g € J,|7(g9) = 0} D
{z(p(h) — h)|h € V}. In fact, generally ha* = z¥3¥(h) (k > 1) for any
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h € A. This implies ZZ:OI 2¥(pF(h) — p™(h))ay = 0 for any h € V, and
hence we have

m—1 k
T(@(p(h) —h) = > 2> F(@(p(h) — h))ar
k=0  j=0
m—1 m—2 k .
=a™ > F(ph) = h)+ Y Y T (p(h) — h)ag
=0 k=0 j=0
m—1 m—1
= (=D aPa)(F"(h) —h) + Y a* (5" (h) — h)ay
k=0 k=1
m—1
= > 2@ (h) = 7" (h))ax
k=0
=0.
This completes the proof. O

As a direct consequence of Theorem 3.2, we have the following.

Corollary 3.3. [2, Theorem 4.1.4 (ii)] Let B be an integral domain, m the
order of p, and f = X™—u (u # 0) in B[X; p|)- Then f is weakly separable
in B[ X;p| if and only if

(beB Y P0) =0} = {plc) ~c|ce BY.
7=0

Proof. Since B is an integral domain, then one easily see that J, = {zb|b €
B} and V = B. If 7(xb) = 0 for any b € B, then we have

m—1 m—1
0=r(xb) =™ " Y Fxb)=ud_ p(b)
j=0 j=0

This means Z;n:_ol p’(b) = 0. Hence we obtain the assertion by Theorem
3.2. This completes the proof. O

In virtue of Theorem 3.2, we obtain the following theorem concerning the
relationship between the separability and the weakly separability in B[ X; p].

Theorem 3.4. Let m be the order of p, f = X"+ X" La,_1+--+Xai+ag
in B[X; pl) 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).
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(1) f is weakly separable in B]X;p] if and only if the following sequence
of VP-VP-homomorphisms is exact:

I ~
% J, — VP,

0— C(4) v

(2) f is separable in B[X;p] if and only if the following sequence of Ve
VP-homomorphisms is exact:

[ ~
% J, — VP — 0.

inj

>V

0— C(A)

Proof. 1t is easily seen that Im7 C V7 because p’(h)a; = haj (0 < j <
m—1).

(1) It is obvious by Theorem 3.2.

(2) If f is separable, then f is always weakly separable, and therefore
it suffices to show that Im7 = V7. By Proposition 1.3, f is separable in
B[X;p] if and only if h € A such that p™!(a)h = ha for any o € B and
Z;n:_ol y;ha! =1, where y; = 2™ 771 4+ 2™ 2q,, 1 + -+ + zaji9 + aji1
(0<j<m-—2)and y,—1 = 1. It is obvious that h € J,. Noting that
yxd = ZZL;; x*ay 1, we obtain

m—1 m—1 m—1 m—1 k
1= Z @/jxjﬁj(h) = Z{Z fﬁkakﬂ}ﬁj(h) - " ﬁj(h)akﬂ = 7(h).
Jj= Jj=0 k=j k=0  j=0

This implies Im 7 = V? because 7 is a V?-homomorphism. This completes
the proof. [

Remark. In this section, we assumed that f is in B[X; p]y N B°[X]. How-
ever, in general case, a polynomial which is in B[X; p](g) is not always in
BP[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; p]( 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 polynomials in B[X; p]. When B is an integral domain, N. Ham-
aguchi and A. Nakajima proved that every polynomial in B[X; p] ) is weakly
quasi-separable (cf. [2, Theorem 4.1.1]). More precisely, they showed that it
is true for a commutative ring B when p # 1 and {p(c) — c¢|c € B} contains
a non-zero-divisor in B. For an arbitrary ring B, we have the following.

Proposition 3.5. (1) If p # 1 and {p(c) — c|c € B} contains a non-zero
divisor, then every polynomial in B[ X; p] (0) s weakly quasi-separable.

(2) Let f = X™ —u be in B[X;plq. If m and u are non-zero-divisors in
B, then f is weakly quasi-separable in B[X; p|.
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Proof. (1) Let g bein B[X; o), d a central B-derivation of B[.X; p|/gB[X; p],
and z = X + gB[X;p] € B[X;p]/gB[X;p|. Then, for any @ € B, we see
that d(z)(p(a) — ) = 0. Hence if {p(c) — ¢|c € B} contains a non-zero
divisor, then 6 = 0.

(2) Let § be a central B-derivation of A such that §(z) = Zgnz_ol zd;.
Then an easy induction shows that §(z*) = kxz*~16(z) for & > 1. Noting
that 2™ = u, we obtain

m—1 m—2

0=6(z™) = ma™? Z 2id; = max™ tdy +m Z wIud;y .
§=0 j=0
Thus mdy = 0 and mud; =0 (1 < j < m — 1), and it is obvious that 6 =0
if m and u are non-zero-divisors in B. This completes the proof. O

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

e
F=XP" 4 XP by 4o XPby + Xy + by = Zijbj+1 +bo (ber1 = 1).
=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

boGBD,V bj_|_1€ZD (OSjSe—l),

Z;:O DV’ (Oé)bj-H = bpa — aby (Oé S B)

Since f is in B”[X], there is a derivation D of A which is naturally induced
by D, that is, D is defined by D(Z?;l zlcj) = Z]f:_ol 27 D(c;). We write

V =Va(B), D(V) ={D(h)|h € V}, and VP = {v € V| D(v) = 0}. Then
we consider a VP-VP-homomorphism 7 : V — V' defined by

7(h) = DP""Y(h) + DP" " "Y(R)be + - - - + DP"1(R)by + hby
- Zf)pjil(h)bjﬂ-
j=0

First we shall show the following two lemmas concerning the B-derivation
of A.
Lemma 3.6. If § is a derivation of A, then

k—1
6(zF) = Z (k> IDF170(5(x)) for k> 2.

=0
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Proof. We shall show it by an induction. Noting that d(z)r = zd(z) +
D(6(x)), it is true when k = 2. Assume that §(z*) = Zf 5() 2 D173 (§(x)).
Then we obtain

S(zF) = 5(2®)z + 2F6(2)

k—1
K IDF173(8(2))z + 2%6(z
> (V)er Dt e+ ahito

§=0
= k::j (j) :Uj{x[)k_l_j(é(a:)) + f?k_j(é(:c))} + 2F5(x)
(K J+1 pk—1- J J J
:j:O <j>x+Dk —|—Z( )az DF=I(5(x)) + 2F5(x)
k—1
= kaFo(z) + Zj (j f 1) 2/ DI (5(z))
+ S <j):1cjl~)k_j(5(:1c)) + D*(6(x)) + a¥6(x)
= (k+1)z*o(z) + jj { <j f 1> + (?) }xJDk_J(é(J:)) + D*(5())
= (k+ 1)zF6(x) + k:l <k —; 1) 2/ D¥=I(8(z)) + D (6(z))

This completes the proof. [

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

Proof. Let § be a B-derivation of A. It can be easily seen that ad(x) = §(x)«
for any a € B. Moreover, by Lemma 3.6, we have

0:5(Z$pjbj+1+bo 25 fL’pj )bj1 = ZDP] H )bj+1 = T7(6(x)).

J=0
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The converse can be proved by a similar way of the proof of Lemma 3.1.
This completes the proof. O

Now we shall give a sharpening of [2, Theorem 4.2.3]

Theorem 3.8. Let f = XP° + XP" b, + -+ + XPby + Xby + by be in
B[X; D]o). Then f is weakly separable in B[X; D] if and only if

{geVir(g) =0} =D(V).
Proof. Assume that f is weakly separable. We see that {g € V'[7(g) =0} D

D(V) because 7(D(v)) = D(r(v)) = 0 for any v € V. Let g be an element
in V such that 7(g) = 0. By Lemma 3.7, we can define a B-derivation of A
by 6(z) = g. Since f is weakly separable, g = §(z) = haz — xh = D(h) for
some h € V. Thus g € D(V).

Conversely, assume that {g € V|7(g) = 0} = D(V), and let § be a B-
derivation of A. It follows from Lemma 3.7 that 6(x) € V and 7(é(x)) = 0,
and hence §(z) = D(h) = hx — zh for some h € V. Then it is easy to see
that d(w) = hw — wh for any w € A. Therefore § is inner. This completes

the proof. O

As a direct consequence of Theorem 3.8, we have the follwoing.

Corollary 3.9. [2, Theorem 4.2.3] Let B be an integral domain of prime
characteristic p, and f = XP + Xby + by in B[X;p|)- Then f is weakly
separable in B|X; D] if and only if

{ce B |D""(¢) + ¢by =0} = D(B).

Proof. Let h = ?;é z/cj be in V. Since ah = ha for any « € B, we have

— \!
J=1

ciow = pi <9> Di7a)e; (0<i<p—1).

This implies ¢,_oax = acp—2+ (p—1)D()cp—1, and hence ¢,—; = 0. Repeat-
ing this, we obtain h = ¢y € B, namely, V = B. Then we have the assertion
by Theorem 3.8. This completes the proof. [

In virtue of Theorem 3.8, we obtain the following theorem concerning the
relationship between the separability and the weakly separability in B[.X; D].

Theorem 3.10. Let f = XP° + XP" b, + -+ + XPby + Xby + by be in
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(1) f is weakly separable in B[X; D] if and only if the following sequence
of VP-VP_homomorphisms is exact:
0—vD Iy Doy ToyD
(2) f is separable in B[X; D] if and only if the following sequence of VD
VP _homomorphisms is exact:

0— DMy Py ToyD g

Proof. (1) It is obvious by Theorem 3.8.

(2) If f is separable then f is always weakly separable, and therefore
it suffices to show that Im7 = V. By [4, Theorem 4.1], f is separable
in B[X; D] if and only if there exists h € V such that 7(h) = 1. This
implies Im 7 = VD because 7 is a V- homomorphism. This completes the
proof. [

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 polynomial in B[X; D] (0) is weakly quasi-parable when B
is an integral domain (cf. [2, Theorem 4.2.1]). More precisely, they showed
that it is true for a commutative ring B when D(B) contains a non-zero-
divisor. For an arbitrary ring B, we have the following.

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 = XP" 4+ XP" by + - + XPby + Xby + by be in B[X;D]y- If
b1 is a non-zero-divisor in B, then f is wakly quasi-separable.
Proof. (1) Let g bein B[X; D] ), 0 a central B-derivation of B[X; p]/gB|[X; D],
and x = X + ¢gB[X; D| € B[X;p|/gB[X;D]. Then, for any a € B, we see
that

d(ra)r = 5($)(xoz + D(a)) = z6(za) + 0(z)D(«).

Hence we obtain 6(z)D(a) = 0. Thus § = 0 if D(B) contains a non-zero-
divisor.

(2) Let 6 be a central B-derivation of A. Then é(z) € V and 7(d(z)) =0
by Lemma 3.7. Since zd(x) = (5( )x, we see that §(z) € VP. Then we have

ZDPJ 1 ))bj1 = 6(x)br.

Hence if by is a non—zero—d1v1sor in B, then § = 0. This completes the
proof. [
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