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Abstract. Suppose R is a commutative ring with identity of prime characteristic p and G
is an arbitrary abelian p-group. In the present paper, a basic subgroup and a lower basic
subgroup of the p-component Up(RG) and of the factor-group Up(RG)/G of the unit group
U(RQG) in the modular group algebra RG are established, in the case when R is weakly
perfect. Moreover, a lower basic subgroup and a basic subgroup of the normed p-component
S(RG) and of the quotient group S(RG)/Gp are given when R is perfect and G is arbitrary
whose G/Gp is p-divisible. These results extend and generalize a result due to Nachev
(1996) published in Houston J. Math., when the ring R is perfect and G is p-primary. Some
other applications in this direction are also obtained for the direct factor problem and for
a kind of an arbitrary basic subgroup.
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1. INTRODUCTION

Let RG be the group ring of an abelian group G over a commutative ring R
with unity of prime characteristic p, let U(RG) be the group of all units in RG
with a subgroup V(RG) of the normalized (i.e. whose coefficient sum is equal to 1)
units, and let U,(RG) and S(RG) be their p-torsion parts, respectively. For G an
abelian group, G, denotes its p-primary component and for R a commutative ring,
we let U(R) denote the group of all invertible elements of R, U,(R) denotes its p-

component and N(R) = |J R(p™) denotes the nilradical of R (i.e. the ideal of all
n=1

nilpotent elements) (cf. [1]). We shall follow essentially the notation and terminology

from the abelian group theory used in [6].

The main purpose of this paper is to obtain a (lower) basic subgroup of U,(RG) =
S(RG) xUy(R), S(RG), Upy(RG)/G and S(RG)/G, under some minimal restrictions
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on R and G. These restrictions are that R must be weakly perfect, that is, R =
RP"™ for any fixed natural 7, i.e. R is perfect, and moreover N(Rpi) =0and G
must contain only p-torsions; or R is perfect and G/G,, is p-divisible for G arbitrary.
In this aspect N. Nachev gave a basic subgroup of S(RG) [11] provided R is perfect
and G is p-primary. Moreover, this result of Nachev was extended and generalized
in [3] by using another technique and a different method of proof to find a criterion for
the p-group S(RG; B) = 14+ I(RG; B) to be basic in S(RG) where B is a p-subgroup
of G(B < G,) and I(RG; B) is a relative augmentation ideal of RG with respect
to B, generated by the elements 1 —b, where b varies in B. Some other facts on basic
subgroups of S(RG) can be found in [2, 4]. As an example, in [4] we stated and proved
that if B is a p-basic subgroup of G (so B, is basic in G}), then S(RG; B,) C B*,
the basic subgroup of S(RG). That is why probably B* = S(RG; Bp) + J, where
J is a special selected ideal of RG. Besides (see [3]), S(RG; B,) = B* assuming R
perfect and G/G, p-divisible. On the other hand, the direct factor problem for basic
subgroups is considered, and the form of an arbitrary basic subgroup of U,(RG) and
S(RG) is discussed, too. Thus we begin with the following central section.

2. A CONSTRUCTION OF BASIC SUBGROUPS

The next statement, part of which was announced in [2], plays an important role
in this work:

Main Theorem. Suppose G is an abelian p-group and R is an abelian ring
with identity of prime characteristic p so that there is i € Ny for which RF =
RP'"" and RP' has no nilpotents. Then if B is (proper) basic in G, the subgroup
S(RG; B) + R(p")G is (proper) basic in U,(RG), and conversely. Moreover, B is a
direct factor of S(RG; B)+R(p')G, and S(RG; B)+ R(p')G is a lower basic subgroup
if and only if inf max(|RP"|,|GP"|) = max(|RP'|,|G/B|) (in particular |RP'| > |GP']).
Under the above assumptions, (S(RG; B) + R(p")G)G/G is basic in U,(RG)/G.

The next result is a strong generalization and extension of a theorem due to
Nachev ([11, 2, 3]). Moreover, our proof is absolutely different from that in [11]. Its
advantage is clear. Thus we can formulate

Theorem. Assume that R is an abelian unitary perfect ring of prime char R = p
and G is an abelian group such that G/G, is p-divisible. If B, is (proper) basic
in Gp, then S(RG; B,) is (proper) basic in S(RG) and conversely, and B, is its
direct factor. Moreover, S(RG}; B,) is a lower basic subgroup of S(RG) if and only
if max(|R|,|G/B,l|) = lerelg max(|R|,|GP"|) (in particular |R| > |GP|). By the above
assumptions, S(RG; B,)G, /G, is basic in S(RG)/G)p.
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‘We continue with

3. PROOFS OF THE THEOREMS

Now, we can attack the main assertions stated above. However, before proving
the main theorem we need some preliminaries. The next claim is well-known and
documented [9], but for the convenience of the reader we give a standard proof.

Proposition 1. Let P and L be commutative rings with 1. Moreover, let G and A
be abelian groups. If pp: P — L is a ring-epimorphism and ¢¢: G — A is a group-
epimorphism, then ®pg: PG — LA defined by ® pg (Z akgk) =Y op(ar)Ve(gr),

k k

where o € P and gy, € G, is a ring-epimorphism.

Proof. It is evident that ®pg is a correctly defined map which is a surjection.
Now, suppose z = Y aggr € PG and 2’ =) aj.gx € PG (o), € P). Then
k k

Cpa(r +2') = Ppg (Z(ak + ay, gk) Z<PP ay + aj)ve(gk)

k

= Y lpr(ar) + pr(al)]de (o) Z‘PP (ar)¥c(gx) +ZSDP (@) )vc(gr)
k
= Ppa(z) + q)pg($/).

Further, z2’ = )" apojgrgi and
Kl

Opa(er’) =Y prlava))valgrg) =Y er(ar)er(a))ta(gr)va(e)

Kl k.l
[Z or(nbelon) [Z er(a)va(on)| = #ro(o) - Br(e)
which gives the result. O

Corollary 2. The map ®rg: RG — R (G/H) where i € Ny, defined as
Pra (Z rkgk) = Zrizng, is a ring-epimorphism with the kernel
i k

ker ® = I(RG; H) + R(p")G.

Thus
RG/(I(RG; H) + R(p))G) = R* (G/H).
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In particular, if G is a p-torsion, then
@y, (rey: Up(RG) — Uy(RP (G/H))

defined as above under the restriction on U,(RG), is a surjection (a group-
epimorphism) with the kernel 1 + ker® = 1 + I(RG; H) + R(p*)G. Thus

U,(RG)/(1+ I(RG; H) + R(p')G) = U,(R" (G/H)).

Proof. The Frobenious epimorphism R — RY along with the natural epi-
morphism G — G/H induce a group ring-epimorphism RG — RP (G/H) accord-
ing to Proposition 1. Now we shall calculate the kernel of this map. Assume

z € I(RG; H) + R(p")G. Hence x = > rigr(l — hg) + Y. aja;, where ryy € R,
kil j
aj € R(p"); gu € G, aj € G, hy € H. Since ® is a homomorphism, it is a routine

matter to see that
O(z) = <I><Z rrigr (1 — hk)> + @(Z ajaj) =0.
k,l J

So, z € ker ® and immediately we conclude I(RG; H) + R(p")G C ker 9.
For the converse, take y € ker ®. Consequently, y = > rrgr (rx € R, gx € G) and
%

D(y)=> rzing = 0. Without loss of generality we may assume that g1H = ... =
k

gm—1H and g, H # ... # g:H # gnH (1 < k < t, m is fixed such that 1 < m < ¢).
Therefore v

7"? +...+Tfrz71:(T'1+...+T'm71)pi:0

and 12 = ... = rfi = 0. Thus we derive 1y + ... + 11 € R(p') and 1, €

m

R(p"),...,r € R(p"). Furthermore,

y=r101(1 = gm-197 ") +7292(1L — gm-195") + - .- + rm—20m—2(1 — gm-19,,"5)
+(ri+re+ .+ Tm-1)9m-1+ "mgm + ...+ 1g: € I(RG; H) + R(pi)G,

which gives that ker ® C I(RG; H) + R(p")G. Finally, ker® = I(RG; H) + R(p")G
as claimed.
Now we can apply the well-known “theorem for the homomorphisms” to obtain
RG/ker® = R (G/H). _
Let us assume that G is p-primary. Choose Zrzlng € U,(R" (G/H)). Hence
k

i p° s
(%: rh ng) = H for any fixed natural s. We may select s so that ¢f = 1.
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i+s
Consequently, >y, =1 and so
k

pi+s

Zri’i“gim = (Z Tkgk) =1.
k k

That is why > rygr € U,(RG). The converse has a similar proof and so ® is a map of
&

Up(RG) onto U,(R¥' (G/H)). Clearly ker &y, (rey = 1 + ker ®pg = 1+ I(RG; H) +
R(p*)G. The proof is completed. O

Lemma 3. For every ordinal § the following identities are true:
(a) (G >5:<GP5>5 N (R)” (Rf)
) U5 (R) U, (00 - U,
() U (R ) (R” Gp ), [Up (RGP = Uy (RGP,
(d) S”"(RG) = S(RY G""),

(

Proof. (a): It is obvious and so we omit the details.

(b), (c) and (d): Now we observe that it is sufficient to show only that ur’ (R) =
U (Rps) holds. From this, in VleW of the ﬁrst equality of (a) and of the simple facts
that char RG = p and (RG)?" = = RP° G’ it will follow that all the other relations
are fulfilled.

In the sequel our conclusions are based of the standard transfinite induction on ¢
and so we will consider only the case for 6 = 1. Put § = 1 and choose z € UP(R).
Hence x = r? where r € U(R). Thus there exists ' € R such that r -+ = 1.
Obviously r? - ()P =1 and x € U(RP), i.e. UP(R) C U(RP).

Conversely, putting y € U(RP) we conclude y = o where o € R and o?-a'P? = 1 for
some o’/ € R. Consequently, a-a?~!-a/P = 1,i.e. a-a” = 1 where o’ !.o/? = o € R.
Finally, « € U(R) and so y € [U(R)]?, which gives U(RP) C UP(R) and completes
the proof. O

Lemma 4. Suppose that there exists i € No such that RP' contains no nilpotents,
ie. N(RP") = 0. Then N(R) = R(p') and [R(p*)]?" = RP" (p') for each n € Ny.

Proof. For n = i the proof is obvious, because [R(p")]P" = 0 and moreover
RP"(p’) = 0, RP" C RP". Now consider the case when n < i. By definition R(p’) =

{re R|r?" =0} and R?" (p') = {o*" |a € Rand """ = 0}. Clearly [R( )]p" -
RP" (p®). For the converse, choose x € RP" (p'). Therefore 2 = o?" and (a?')P" =0,
ie.z=af" and o =0. ]F‘inadly7 x € [R(p)]P", as des1red

Now assume 7 € R and " =0 for t > i. Hence r*"" =0, ie. (r*')?" = 0. Thus
P =0, and we may conclude that R(p?) = R(p’), i.e. N(R) = R(p'). The proof of
the lemma is complete. O

133



Remark. By the same argument as above N(RP') = 0 & R(p') = R(p't!) <
N(R) = R(p").

Recall that for H < G we have defined S(RG;H) = 1+ I,(RG;H) = {1+ = |
2" = 0 for some natural ¢t when z € I(RG; H)}.

Lemma 5. Assumel € L < Rand B< H <G, A<G. Then
() I(RG;HYNLA=I(LA;ANH) and
HS(RG;B)NS(LA) = (A, N H)S(LA; AN B),
(xx) (I(RG;H) + R(p" )G)NLA=I(LA; AN H)+ L(p")A and

G(S(RG; H) + R(p")G)NU,(LA) = A,(S(LA; AN H) + L(p*)A).

Proof. (%) Indeed, z = > rrgr € I(RG; H) if and only if Y rrgrH = 0,

k k
ie. > rp=0for any g € G. Hence we can write

grEGH

z=) Tk = Zakak € I(RG;H)N LA,
k ko

where > rpgrH = 0 (1. € R, ax, € L; g, € G, a, € A). Because g € A and
k
gr = ax € A we deduce gH N A =g(H N A) and

Z TE = Z rE = Z rp =0,

grEGHNA grEG(HNA) ap€g(HNA)

ie. z € I(LA; AN H). The converse is elementary. To verify the second relation we

observe that each element of the left hand-sideis ) aqa=h ) ryg, where o, € L,
acA geG
rq € R and h € H. Moreover,

0, 9¢B,
2 "=V, -cp
g€gB ) ge

for eachg € G, and Y a, = 1. Observe that o, = ry and a = hg. Since ) a,a €

acA a€A
S(LA), there is a, € Ap. Since clearly a, € H (3 rg = Y ag=1,g=ah™' €
geEB a€A
BC H), it follows that Y asa=a, > aaaa;1 has the coefficient sum
ac€A acA
0’ a ¢ B7
D Ca= _
g 1, €B

for every @ € A and as above we conclude the equality holds.
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(#x) We can proceed analogously to the above. To demonstrate this, choose z on

the left hand-side. Write z = >  apar where > ail = 0 for any @ € A. But
k ar€aH
aHNA=ga(HnNA) and consequently

ar€a(HNA)

ie. 2€ I(LA; AN H) + L(p')A. The converse is trivial.

For the last relation note that every element on the left hand-side is > a,a =
acA
g > reg, where oy € L, 7y € R and ¢’ € G. Besides,

geG
; 1, g€ H,
So=d ]
0

gegH , g¢H

for all g € G. It is easily seen that a, = ry and a = ¢'g (9 € gH <= a € aH

for each @ € A). Because > aga € U,(LA), there is a, € A,. Consequently,
a€A

ZA el = ap ZA aqaa,’ has the Frobenious coefficient sum equal to

ac ac

i 1, EGH,
2=, -
0, a¢H

a€aA
for every @ € A. This completes the proof in general. So the lemma is shown. O

Part of the next statement is an expansion of facts well-documented and men-
tioned in [3,5], and is included here in details for the sake of completeness and the
convenience of the reader.

Theorem 6. Let H be a pure p-subgroup of G. Then S(RG;H)/H and
[S(RG; H) + R(p")G]/H are direct sums of cyclic groups provided that H is. Thus
H is a direct factor of S(RG; H) and S(RG; H) + R(p*)G with a direct sum of cyclics

complements.

Proof. Indeed, we can write [6], H = \J H,, H, C H,,, and H, N H""
n=1

1. Since H N GP" = HP", we have H, N GP" = 1. Furthermore S(RG;H) =
U S(RG; H,,), where S(RG; H,) C S(RG; H,+1), and by virtue of (x) and (c) we

n=1
compute

S(RG; H,) N SP"(RG; H) C S(RG; H,) N SP" (RG) = S(RG; H,) N S(RP"GP")
= S(RP"GP";G" N H,) =1.
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Moreover, S(RG; H)/H = |J [S(RG; H,)H/H] and Lemma 5 ensures that
n=1

(S(RG; H,)H) N [S(RP"G*"; H”")H] = H((S(RG; H,)H) N S(RP")G""; HP"))
= HS(RP"G*";G”" N H,,) = H.

Thus the well-known Kulikov criterion in [6] is applicable to obtain that S(RG; H)/H
is a direct sum of cyclics, as stated. Finally, by what we have shown above,

([S(RG; H) + R(p")G]/H)?" = S(R"'G"; H"') /H"'

is a direct sum of cyclics since HP is a direct sum of cyclics and is pure in GP'.
Consequently [6], so is the desired group. Besides, H is pure in S(RG; H) and the
latter is pure in S(RG) [3]. So H is pure in S(RG), whence it is pure in S(RG; H) +
R(p")G C S(RG) and the Kulikov theorem [6, Theorem 28.2] is applicable. The
proof is complete. O

Now we are in position to begin with

Proof of Main Theorem. We shall establish that the p-group B* = S(RG; B)+
R(p")G satisfies the three necessary and sufficient conditions for a basic subgroup
given in [6]. From this it will follow immediately that B* is a basic subgroup of
Up(RG) and we are done since the converse is apparent.

1) A direct sum of cyclic groups. First consider the problem of the decomposition
of B* into a direct sum of cyclics. According to ([6], p. 111, Proposition 18.3) B* is
a direct sum of cyclics if and only if (B*)?' = S(RP' Gr'; BP') (see [3]) is a direct sum
of cyclics. But B is a direct sum of cyclics and B is pure in G. Hence B C Bisa
direct sum of cyclics and BP' is pure in GP'. Therefore Theorem 6 or ([3], Theorem 2)
applies to prove our claim.

2) Purity. Secondly, consider the question of the purity of B* in U,(RG). We
shall show that if B is pure in G, then for every n € N we have

S(RP"GY";BY") + R (p)G”", n <,

S(RG;B) + R(p" G| NUP" (RG) = o
[S( )+ R(p")GINUY (RG) {S(RPGP;BP)’ —

In fact, we can apply Lemma 3 and Lemma 5 together with the facts that BNGP" =
BP" and

% p" p" (0 an(pi)’ n<i’
R(p)NR" =R (p') =

0, n>=1.

Thus owing to Lemma 4 (more specially, RP" (p’) = [R(p")]?" or to N(R) = R(p’)
combined with (a)) and also to [6], we arrive at the conclusions in this case.
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3) Divisibility. Because U,(RG) = S(RG) x U,(R), by virtue of Lemma 3 and
[3, Corollary 2] we get that U,(RG) is divisible if and only if R is perfect and G
is divisible (this assertion follows also obviously). Thus we are ready to show that
U,(RG)/B* is divisible provided G/B is divisible and RP' is perfect. Indeed, owing
to Corollary 2, U,(RG)/B* = Up(Rpi (G/B)). So, the above conclusions imply that
U,,(Rpi (G/B)) is divisible as required. The direct factor property follows by utilizing
Theorem 6. This completes the proof of the first part of the theorem in general.

The fact that

(S(RG; B) + R(p")G)G/G = (S(RG; B) + R(p')G)
/ B(IS(RG; B) + R(p")G] N G = B)
is basic in U,(RG)/G follows by making use of Corollary 2 plus the fact that an
epimorphic image of a divisible group is divisible [6], Lemmas 3 and 5, Theorem 6
and conclusions similar to the above. Finally, we obtain a lower basic subgroup. In
fact, Corollary 2 and [12, 13] guarantee that
rank(U,(RG)/S(RG; B) + R(p")G) = rankU,(R?' (G/B)) = rank S(R?' (G/B))
= max(|R"'|,|G/B).

On the other hand, Lemma 3 and [6, 9] yield
finrank U, (RG) = inf rank(Up (RG)) = ian rank(U, (RP" GP"))[p]
ne

neN
— inf " GP" — inf "
inf [U,(R”"G™)[p]| = inf max( ),

completing the proof of the second part. The theorem is proved. O

We continue with

Proof of Theorem. The fact that S(RG;B,) is basic in S(RG) as well as
the converse situation follow by virtue of [3]. The direct factor property holds by
virtue of Theorem 6. Moreover, S(RG; B,)G,/G, = S(RG; B,)/B, is indeed basic
in S(RG)/G, according to Lemmas 3, 5 and Theorem 6 along with conclusions
analogous to those in [3]. The lower basic subgroup can be established as in Main
Theorem. The proof is complete. O

Remark. P. Hill in [8] has shown that V(RG)/G has a special basis (called a
v-basis or more properly, a Hill-basis) provided R is a perfect field and G is an
abelian p-group. Our two theorems give another basis to that of Hill, which, how-
ever, determines the group V(RG)/G more completely for a more general coefficient
ring R (cf. [6]). Thus the long-standing direct factor problem due to May [9] whether
V(RG)/G is totally projective, is well-examined.
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Corollary 7 ([11], [3]). Suppose R is perfect and N(R) = 0. Then if B is a basic
subgroup of a p-group G, then S(RG; B) is basic in S(RG).

P ro of . Follows by application of our main theorem, since R = RY implies
R = RP" and also N(RP') = 0 and R(p') = 0. Therefore 1+ I(RG; B) + R(p")G
reduces to 1 + I(RG; B) = S(RG; B), which gives the result. O

Remark. The above corollary is true even if N(R) # 0 (cf. [11] or [3] and the
second central theorem stated in Section 2).

Corollary 8. Suppose R is weakly perfect of exponent i such that its maximal
perfect subring has no nilpotents and B is basic in the p-torsion G. If Bs(gg) and
By, (r) are the basic subgroups of S(RG) and Uy,(R) respectively, then

Bs(ra) = [L+ I(RG; B) + R(p")G]/Bu,(r)-

Proof. Since U,(RG) = S(RG) x Uy(R), it follows from [6] that By (rq) =
Bs(rayx By, (r)- But as we see, By, (rq) = 1+I1(RG; B)+R(p")G, and so apparently
the above isomorphism holds. The proof is complete. O

4. APPLICATIONS

In this section we proceed by proving the following ring-theoretic assertion:
Example 9. Let R be finite. Then R is perfect if and only if N(R) = 0.

Proof. The sufficiency is well-known, but we will prove it. In fact, p: R — RY'
defined by p(r) = 7’ (r € R) is an isomorphism and so |R| = |R?'|, i.e. R = RP'.

Conversely, using Lemma 3, R perfect yields N(R) is perfect, i.e. N(R) = [N(R)]?
for every n € N. But R is finite, hence N(R) is. Thus R(p™) = R(p™*!) for
any m € N and consequently N(R) = R(p™) (see Lemma 4 and also the remark
formulated below). Finally, N(R) = [R(p™)]"" = 0 when n > m. This completes
the proof. O

n

Remark. By the same argument as above, R perfect and N(R) finite yield
N(R) =0.

Of some interest and importance is the calculation of a power of the basic subgroup
which is given in the sequel.

Proposition 10. If G is arbitrary with G/G, p-divisible and R is abelian unitary
perfect of prime char R = p, or G is p-primary and R is unitary abelian weakly perfect
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of prime char R = p such that its maximal perfect subring is without nilpotents,
then the basic subgroup of the infinite groups S(RG) or U,(RG) has cardinality
max(|R|, |G]).

Corollary 11. Under the above assumptions on R and G the following holds:
S(RG) or Uy(RG) has a countable basic subgroup <= both R and G are countable.

An easy reformulation is given by the following

Corollary 12. If either R or G is uncountable, then S(RG) and U,(RG) contain
uncountable basic subgroups.

Remark. When the set of all basic subgroups of the abelian p-primary group G
is finite, then N. Nachev in [11] proved that not every basic subgroup of S(RG) is of
the above kind provided R is perfect.

Now we will give a further supplement to this result, namely

Claim 13. Assume that G and R are as in Proposition 10. If G}, or G contains
an infinite number of different basic subgroups, then the set of all different basic sub-
groups of S(RG) or U,(RG), respectively, has cardinality max(|R|,|G|)™>*(ELIG],
In particular, there are basic subgroups of S(RG) and U,(RG) that are not of these
kinds.

Proof. By virtue of the second theorem from Section 2, S(RG; B,) is basic
in S(RG) for all choices of the basic B,. Moreover, S(RG; By) = S(RG; B) <=
B, = By, for other basic B, in Gi. Hence S(RG) has an infinite set of distinguished
basic subgroups. Applying [10, 7] or [6, p. 178, Exercise 3], the power of the last
set is |S(RG)|IS(EGB)| = [max(|R|, |G|)]™>*IRLIED " owing to Proposition 10 and
[9] as well. On the other hand the cardinality of the set of all distinguished basic
subgroups of G, is |G,|!/B»! [10, 7, 6]. Therefore there is a real possibility to have
[max(|R|, |G|)]™xURLIED > |G, |IP+l. Indeed, take |R| > |G| to be a strong limit
cardinal, whence |R|Il > |R| > |G,|!P?|, which verifies the claim. The conclusions
for the other case are identical. This is the end of the proof. O

Remark. If G is p-torsion infinite reduced with a basic subgroup B and |R| < |G|,
then we have |G|I¢| = |G|!Bl if and only if |G| = |B| provided the generalized CH
holds. In fact, if |G| = R, then |G| = |B|. Let now |G| = R441 = 2%« for some
ordinal «, then |G|!¢l = 2I¢! and |G|IBl = 2max(IBI.Ra) - Thus 2/C¢1 = gmax(IB|.Ra)
yields |G| = |B| as desired. We mention that such groups G with |G| = |B| are
known to be starred.

In the conclusion we note that [6], |G| < |B|®°.
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5. OPEN PROBLEMS

Here are two actual questions which immediately arise. First, what is the situation
for B* when N (Rpi) # 0. The second question is what is the basic subgroup of
Up(RG) (or of S(R@)) in the general case when R is not even weakly perfect, i.e. when
R = R and i is a non-natural ordinal.

Of some interest and importance is the problem of the calculation of lower and
upper basic subgroups in U,(RG) and S(RG). The same is valid also for U,(RG)/G,
and S(RG)/G),, for a large modular coefficient ring R. And finally, what is the basic
(lower and upper) subgroup of S(KG) and S(KG)/G when G is p-primary and K is
the first kind field with respect to p (char K # p)?

Acknowledgements. The author is very obliged to the referee for the valuable
comments improving the original manuscript and also to the Executive Editors Pro-
fessors V1. Dolezal and H. Severova for their good treatment to the present study.

References

[1] M.F. Atiyah, 1. G. MacDonald: Introduction to Commutative Algebra. Mir, Moscow,
1972. (In Russian.)
[2] P.V. Danchev: Normed unit groups and direct factor problem for commutative modular
group algebras. Math. Balkanica 10 (1996), 161-173.
[3] P. V. Danchev: Topologically pure and basis subgroups in commutative group rings.
Compt. Rend. Acad. Bulg. Sci. 48 (1995), 7-10.
[4] P.V. Danchev: Subgroups of the basis subgroup in a modular group ring. To appear.
[5] P.V. Danchev: Isomorphism of commutative modular group algebras. Serdica Math. J.
23 (1997), 211-224.
[6] L. Fuchs: Infinite Abelian Groups I. Mir, Moscow, 1974. (In Russian.)
[7] P. Hill: Concerning the number of basic subgroups. Acta Math. Hungar. 17 (1966),
267-269.
[8] P. Hill: Units of commutative modular group algebras. J. Pure and Appl. Algebra 94
(1994), 175-181.
[9] G. Karpilovsky: Unit Groups of Group Rings. North-Holland, Amsterdam, 1989.
[10] S.A. Khabbaz, E. A. Walker: The number of basic subgroups of primary groups. Acta
Math. Hungar. 15 (1964), 153-155.
[11] N. A. Nachev: Basic subgroups of the group of normalized units in modular group rings.
Houston J. Math. 22 (1996), 225-232.
[12] N. A. Nachev: Invariants of the Sylow p-subgroup of the unit group of commutative
group ring of characteristic p. Compt. Rend. Acad. Bulg. Sci. 47 (1994), 9-12.
[13] N. A. Nachev: Invariants of the Sylow p-subgroup of the unit group of a commutative
group ring of characteristic p. Commun. in Algebra 23 (1995), 2469-2489.

Author’s address: Paissii Hilendarski University of Plovdiv, Faculty of Mathematics &
Informatics, Dept. of Algebra, 4000 Plovdiv, Bulgaria, e-mail: pvdanchev@yahoo. com.

140



		webmaster@dml.cz
	2020-07-03T13:28:09+0200
	CZ
	DML-CZ attests to the accuracy and integrity of this document




