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CHARACTERISTIC SUBGROUPS OF A FINITE ABELIAN
P-GROUP Z,n X Zyn

SARITA AND MANJEET JAKHAR

ABSTRACT. In this paper, we study the following points:- (i) list all charac-
teristic subgroups of a finite abelian 2-group Zom X Zon when m,n € Z71 (ii)
list all characteristic subgroups of a finite abelian p-group Zym X Zpn» when
m,n € ZT where p is an odd prime (iii) lattices of characteristic subgroups of
a finite abelian 2-group Zgy2 X Zys and (iv) Lattices of characteristic subgroups
of a finite abelian p-group Z,2 X Z,s where p is odd prime.

1. Introduction

A subgroup N of a group G is called a characteristic subgroup if ¢(N) = N
for all automorphisms ¢ of G. This term was first used by Frobenius in 1895. In
1939, Baer [2] considered the following question “When do two groups have iso-
morphic subgroups lattices?” Since this is a very difficult problem.In 2011,Brent L.
Kerby and Emma Rode [3] consider the related question “Lattices of characteristic
subgroups of Zj, X Zp> X Zpys isomorphic to lattices of characteristic subgroups of
Zyp2 X ZLys for any prime p”.In 2017, Amit Sehgal and Manjeet Jakhar [7] consider
the related question “Lattices of characteristic subgroups of Z,, X Z,, isomorphic to
lattices of characteristic subgroups of Z,”.In 2021, Hayder Bager Shelash and Ali
Reza Ashraf [9] consider the related question for group Us,, Vs, H(n). In 2021,
Sarita and Manjeet Jakhar [8] consider the related question “Lattices of charac-
teristic subgroups of Z,, x Z,» ”. We will now consider the problem of lattices of
characteristic subgroups of a finite abelian p-group Z,m X Z,» when m,n € Z*.

In Section 2, we list subgroups of group Z,m x Zp~. In Section 3, we list all
the automorphism group Zy= x Z,» and by using these we list the characteristic
subgroups of group Z,m X Zy» in section 4 and 5 according as m = n or not. Finally
in section 6,lattices of characteristic subgroups of group Zy2 x Zs is discussed for
both the case when p is even or odd prime.

2. List of subgroups of group Zpm X Z,n»

We know that group Zym x Zpn = {a'y/|aP" = y?" = e, xy = yx,i =
0,1,---,p™—1,57=0,1,--- ,p" 1} is an abelian group of order p™*". So converse
of Lagrange’s theorem is true for this group. So possible order of subgroup are
1,p,p%, -~ ,p™t™. Here, all subgroups are subgroups from abelian group, so they
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must be abelian. Now we have to search for cyclic subgroups whose order are
1,p,p?, -+ ,p™ and abelian subgroups which are not cyclic of order p?, p3,...p™m 1"

2.1. List of cyclic subgroups of order p*(1 < k < m < n) from group
Zym X Zyn . We count elements of order p* in Zym X Zyn as Zfzo((no. of elements of

order p’ from Z,m ) x (no. of elements order p* from Z,n ) —i—Zf;OI (no. of elements
order p* from Z,m)x (no. of elements order p’ from Z,n)) = p?*~2(p?> —1). Hence,

: k PP k-1
the number of cyclic subgroups of order p* are 505 =p"Hp+1). The
k

list of these p*~1(p+ 1) subgroups is < 27" y?" " > where j = 1,2,--- ,p* and
< acjpmfkﬂypnfk > where j =1,2,--- ,pF~!

2.2. List of cyclic subgroups of order p*(1 < m < k < n) from group
Ziym X L. We count elements of order Pk in Zym X Zyn as Efzo((no. of elements of
order p’ from Z,m) x (no. of elements order p* from Z,») = p**™~1(p—1). Hence,

ktm—1,_
the number of cyclic subgroups of order p* are pTJ“(fl) = p™ . The list of these

p™ subgroups are < J:jyp"% > where j =1,2,--- ;p"and k=m+1,m+2,--- ,n.

2.3. List of abelian subgroups which are not cyclic subgroups of order
p* from group Z,n x Z,» where 2 < k < n. By fundamental theorem of finite
abelian group, we know that number of non-isomorphic abelian groups of order
p* are p(k), out of which only one group is cyclic. So abelian group have p(k) — 1
subgroups which are not cyclic.

Theorem 2.1. [5] Number of internal direct product of cyclic subgroup of order
pkt with cyclic subgroup of order p*2 with 1 < k1 < ke <m < n is pMrtk2—1(p41)
from group Zym X Zpn .

Theorem 2.2. [5] Number of internal direct product of cyclic subgroup of order
k1 with cyclic subgroup of order p*? with 1 < k1 < m < ky < n is p™T* from
group Zym X Lipn .

Theorem 2.3. [5, 8] Number of internal direct product of cyclic subgroup of order
p*t with subgroup isomorphic to Loy X Lipgpes X+ =+ X L 18 0 from group Lym X Lpn
where s > 3, k; > 1 and Zle k; < (m+n). In other words, group Zym X Zpn
does not possess any subgroup of rank more than two.

Proof. If A is any cyclic subgroups of order p*' from Zym X Zpn and B is a subgroup
isomorphic to Zyky X Zpks X -+ X Lyk, where s > 3 from Zpm X Zpn, then A B #
{e} because there are only p+1 cyclic subgroups of order p in Zym x Zp» and A
contains a unique subgroup of order p and B contains at-least p+1 cyclic subgroups
of order p. So cyclic subgroup of order p must contain in B if B is possible. So,
internal direct product of cyclic subgroup of order p*' with subgroup isomorphic
t0 Zyky X Lipks X -+ X L, from Zym X Zyn is not possible.

Hence, we conclude that the abelian p-group Zy= X Z,» does not possess any
subgroup of rank three or more. (I

Theorem 2.4. [5] Number of subgroups from group Zym X Zyn which are isomor-
phic to Zpk X Zpk where 1 <k <m<mn is 1.
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Further, only subgroup which is isomorphic to Lpe X Loy where 1 < k<m<n
is < 2P" "y s
Theorem 2.5. [5] Number of subgroups from group Zym X Zpyn which are isomor-
phic to Ly X Lipyr where 1 < ki <ks <m<nis pkrkl*l(p—k 1).

Further, subgroups which are isomorphic to Zpkl X Zpkz where 1 < k1 < ky <

m—ko+1 — —
: > where s = 1,2,--- ,pF2~k1~1 and <
ko—kq

m—kq n—ko
m < n are < P , %P

m—kg s n—ko n
P P L yP

yP
o > where s =1,2,--- ,p

Theorem 2.6. [5] Number of subgroups from group Zym X Zyn which are isomor-
phic to Zpkl X Zp;Q where 1 < k1 <m < ko <n is p™F1.

Further, subgroups which are isomorphic to Z,x, X Z,x, where 1 < k1 < m <

ko <mare <zP" " 25yP" " > where s = 1,2, ,pmh1,
Finally list of subgroups of group Z,m x Zp» given below:-
(1) <e>=7,
(i) < TV N~ Zy. where j =1,2,--- ,pP and 1<k <m<n
(iif) < 297" """ > 70 where j=1,2,--- pFland 1<k <m<n
(iv) < xjypnfk > 7, where j =1,2,--- ,p™ and k=m+1,m+2,--- ,n.

m—k n—k

(v) <aP” " yP > Zk X L where 1 <k <m <n

. m—k m—ko+1l _n—k
(vi) < aP™ Tt pspT T ypt T s Liky X Lypky where 1 < ky < ky <m <n and
ko—ki1—1

821,2,---1}? . N
(vii) < P yst T Pt > Ly X Lpry where 1 < ky < kg <m < n and
s=1,2,--- ,phh .

(viii) < aP" " oty
s=1,2,--- 7pm—k1.

Hence, we get the list of > ((m —d + 1)(n — d + 1)¢(p?) subgroups of group
Zym X Lypn which is same as result in [1, 4].

> Lok X Lpr, where 1 < k1 < m < k2 < n and

3. List of Automorphisms of Group Z,» x Z,» where 1 <m <n

We know that Zpm x Zyn = {z'y?|2?" = y?" = e,ay = ya,i = 0,1,--- ,p™ —
1,7 =0,1,---,p" "'} is an abelian group of order p™*". This group is generated
by two elements x and y where order of = is p™ and y is p™.

We map y into an element of order p™ and elements of order p™ are obtained from
product of elements from Z,m (say o) whose order divides p™ and elements of order
p" from Zyn (say B). Assume a = 2% with o(a)[p™ and 8 = y?* with o(8) = p".
So, there is no condition on 4; and (j1,p") = 1. So y — a1yt = yP" — yir?"
.So, image of y depends upon values of 7; and ji, here possibilities for i; and j;
are p™ and p"~!(p—1) respectively. Hence, the possibilities for y are p™+"=1(p—1)

So every element of order p of the type yj“’"f1 from Zpm x Zpn is already
mapped. So x maps into an element of order p™ from Z,m X Zy» other than

. . -1 . . p—m
elements of whose p™~! power is /P . Hence,  maps to z'2y’2P where
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(i2,p™) = 1 and there is no condition on js. So, map of z depends upon values
of i3 and jo. Here possibilities for iy and jy are p™ 1 (p — 1) and p™ respectively.
Hence, the possibilities for z are p™+™~1(p — 1).

Finally, we define an automorphism f : Zym X Zpn +— Zp X Zpn as f(y) =
iyt and f(x) = x2972P" " where iy,4, 50 = 1,2,--- ,p™ with (ig,p™) = 1 and
j1=1,2,--- ,p™ with (j1,p™) = 1. Hence, the total number of automorphisms are
P32 — 1)2% which is same as result in [6].

4. List of the Characteristic Subgroups of Group Z,» x Z,n

From [7], we know that only m+1 subgroups of group Zym x Zym = {2y 2P =

m

Y = e, wy = yx,i = 0,1,---,p™ — 1,5 = 0,1,---,p™ !} are characteristic
subgroups which are listed below:-
(i) <e>=7

m—k m—k

(i) < 2P ",y > Ze X Ly where 1 <k <m
5. List of the Characteristic Subgroups of Group Z,» x Z,» with m <n

Theorem 5.1. Let Zym X Zipn = {aiyd|zP" = y?" = e,y =yx,i=0,1,--- ,p" —
1,j =0,1,--- ,p™ — 1}, then list of characteristic subgroups of group Zym X Zyn
when 1 < m < n given below:-

(i) <e>=17,

(ii) < xpm_k,ypn_k > Lk X Lk where 1 <k <m <n

(i) < T Zype where 1 <k <n—m

(iv) (only for case when p is even prime) < a?" g e Ly where 2 < k <
n—m

(v) < xpm_kl,ypn_kz > Ty X Lk, where 1 < ky <m < nky < k2 < n and
1§]€2—]€1 Sn—m.

(vi) (only for case when p is even prime) < zP" ,xpm_kl_lypn_kz > Loy X Lo
where 1l <ki<m<nk <ko<nand2<ky—ki <n-—m.

k1

Proof. Case 1:- Subgroups < e > Z; and < xpmfk,yp" f o Lk X Ly Where

1<k<m<n

Out of >°7" (m —d+ 1)(n — d + 1)¢(p?) subgroups, m + 1 subgroups namely
<e>and < 2" ",y?"" > where 1 < k < m < n have property that they are
not isomorphic to any other subgroups of the group Z,= x Z,». Hence, image of
these subgroups cannot be changed with any of the group automorphisms of the

group Zym X Zpn, so they are characteristic subgroups of Zpm X Zpn.

Case 2:- Subgroups < zP" yiP" " > Z,. where j =1,2,--+ ,p¥ and 1 <k <
m<n

Subgroups < zP" “yiP""" Swith j = 1,2,---,p* are not characteristic sub-
groups of Zym x Zyn if we choose automorphism f(x) = zy?" " and f(y) =y then
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m—k ;. n—k

FlaP™ " yart Tty = gp" Ty DT g g™ yip" T S because j # j + 1(mod p)

Case 3:- Subgroups < 277" ""yp" " S Zpx where j =1,2,-++ ,pF71 — 1 ex-

Ceptpkfzand2§k§m<n

m—k+1 _
k=2 are not

m

Subgroups < 2P yP" " > with j = 1,2, -+, pF~1 — 1 except p

characteristic subgroups of Zym X Z,n» if we choose automorphism f(z) = xyP"
and f(y) _ y2 then f(xjpmfk:#»lypnfk) _ ijm,fk+1y(jp+2)pnfk ¢< szM7k+lypn7k
because 1 # jp + 2(mod p)

Case 4:- Subgroups < xjyp"fk > 7, where j = 1,2,--- ,p™ — 1 except pml
and1<m<k<n

™m—1 are not char-

Subgroups < ziy?" " > with j = 1,2,--,p™ — 1 except p
acteristic subgroups of Z,m X Z,n if we choose automorphism f(z) = zy?
and f(y) = y? then f(xjypnfk) = giylp" 2t ¢< 2iy?" ™" > because

1 # jp™ % + 2(mod p)

n—m

Case 5:- Subgroups < ypnfk > 7, where 1 <k<n-m

~

By use of concept 1 < k < n—m, we have 211?" " = e. Subgroups < y?" = >
Zy» where 1 < k < n—m are characteristic subgroups of Zym X Z,» because we can
choose any automorphism as y +— ‘197t where (ji,p) =1 = ypnfk — yj“’nfk.
So, we get fy?" ") = yP" T e< yP"" > | hence we get f(< yP' " >) =<
P >,

Case 6:- Subgroups < yp"fk >= 7, wheren —m <k <n

By use of concept n—m < k < n, we have z11?" " £ e. Subgroups < y?" = >
Zypr where n —m < k < n are not characteristic subgroups of Z,m x Z,» because
we can choose automorphism as y — 21y where (ji,p) = 1 = ¢?
2"yt 8o we get f(ypnfk) = gip" i ¢< y?" " > | hence we get

f<y" ) <y >

Case T:- Subgroups < 2" y?" " > Zy where 1 < k < n and p is an odd
prime
m— n—k . .
Subgroups < zP 1yf" >2 Z,» where 1 < k < n are not characteristic
subgroups of Zym X Z,» because we can choose automorphism as y — y* and
n—m m— n—k m— n— n—k m— n—k
T — xyP So, we get f(xP P ) = aP TPy ¢< P P >
1

hence we get f(< a?" yP" " >) ¢< a?" yP" " > because pF~1 +2 # 1 (mod p)

Case 8:- Subgroups < x”mfly”"% > 7, where 2 <k <n—m
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. n—k - m—1 m—1
By use of concept 2 < k < n —m, we have z"1? = e and z"?P = zP
k

when (i3, p) = 1. Subgroups < 27" y?" " > Zy,. where 2 < k < n—m are
characteristic subgroups of Z,» X Z,» because we can choose any automorphism

as y — 21yit where (ji,p) =1 = 7"+ y71?" " and 2 > 2i2972P" " where
. m— n—=k m— s on— - o n—k m— n—k
(i2,p) = 1 . So, we get f(z?" y" ") = aP" T ypp" Tyt e g™ Tyt s
1 n—k —1 —k

hence we get f(< z?"  yP >) =< az?" " >,

m— n—k
Case 9:- Subgroups < xP lyp > 7, wheren —m <k <n

1 —1

. on—k s om— m
By use of concept n — m < k < n, we have x"P # e and x'2P = zP
k

when (is,p) = 1. Subgroups < 2P y?" " > Zy,. where n —m < k < n are
not characteristic subgroups of Z,m X Z,~» because we can choose automorphism
as y — zyt where (ji,p) =1 = yP" > 21PN and g gizgier” "
. So, we get f(aP"yp" ") = gp" ydep” T ginp” T iy
If m —1 > n—k and with use of (j;,p) = 1, we get (j; + jop*~!) is odd.
So,f(xpm_lypn_k) =P .
If m —1 = n— k and with use of (j;,p) = 1, we get (j; + jop*~') is odd.

So, f(at™ "y ") = yUrtiap

n—k

m—1 n—k

aP" st TR g g™ T

m—1

m—1 n—

g< P yP o >,

k*l)pnfk'

n—ko n—kq

Case 10:- Subgroups < z?" 2yP > 7

1,2, ,pP2F and 1 <k < ko <m < n.

, yP ky X Zpk2 where s =

P

On the basis above 9 cases, we know that group Z,m X Z,» has only characteristic
subgroup of order p is y?" " when 1 < m < n, so group < 2P ZyP" 2 yp" T >
where s = 1,2,--- ,p*2~%1 and 1 < k; < ky < m < n has a characteristic subgroup
of order p as < 22"y >,

If possible, assume that subgroups < 2" 2y*" 2 yP" "' > is characteristic
subgroup of group Z,= X Zy».By transitivity property of characteristic subgroup,

—ko n—ko

then subgroup < 27" y**"" " > is a characteristic subgroup of order p from group

Zypm X Zpn which is contradiction. Hence, our supposition is wrong and we say

nokL k2 —k1

—ky  gom—ko
P P
Y Y

that subgroup < x?" > Ly X Lk, where s =1,2,---,p
and 1 < k; < k2 <m < n are not characteristic subgroups of Zym X Zpn.

m—kq m—ko+1 n—ko
Case 11:- Subgroups < zP , P yP > Ly X Lk, Where s =

1,2, ,pF2F1=1 _ 1 oxcept pF2=F1=2 and 1 < ky < kg <m < n

SUng'OU.pS < $p7n7k1’aj51’7n7k2+lyp

m<nands=1,2,... pFk—1

groups of Zpm X Zpn if we choose automorphism f(x) = zyP" " and Fly) = 42
m—ko+1 n—ko

then f(xSpm7k2+1yP"7k2) - ;1051’"‘7’“2“y(sp+2)p"”“2 ¢< xpm’kl’xsp yP >
because 1 Z sp + 2(mod p)

n—ky

>= Zpkl X Zpk2 where 1 < k1 < kg <

ko—ki—2

— 1 except p are not characteristic sub-
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k2

Case 12:- Subgroups < zP" ", asyP" ? > Ly X Ly where 1 <k <m <

ko <nand s=1,2,---,p™F~1 1 except p™F1—2,
Subgroups < 27" " x5yP" 2 S22 7 . X Z 4, where s = 1,2, pm—Ri—1 1
group y » » p
except p™ F1=2 and 1 < k; < m < ky < n are not characteristic subgroups

of Zym X Zyn if we choose automorphism f(z) = zy?"" " and f(y) = 3> then

n

f(xsy;n"_kz) = goy(sp*2 " +2)p" "2 ¢< 2P M 2syP" ™ > because 1 # (sph2—m 4
2)(mod p)
m—k n—k

Case 13:- Subgroups < zP" ', yP" 7 > Ly X Lyks where 1 < k1 <m <mn,
ki<ko<nand1<ky—k <n-—m.

Subgroups < aP" " yP" " S Ly X Ly, where 1 <k < m < nk <
ky < nand 1 < ks —k; < n —m are characteristic subgroups of Zpm X Zpn
because we can choose any automorphism as y — z''y’* where (ji,p) = 1 =

n—k ke . o n—k . . n—m . m—k
yP' s P Ry and @ at2gyd2P where (ig,p) =1 = 2P '

. m—kq s on—kj
2P yJQP .
m— n . m—k .
So, we get f(< zP ,yP >) =< gi2P" T ydap
By use of concept 1 < ko —k; <n—m, wehave m—ko < m—Fk; <n—ke <n—kyq,

k1 n—kq ;o on—ko . n—kg
’yp xhP y]lP >

k1 —ko n—ky

. n—ko - on—ko
xhP y]lP >,

.. . m— n—k - . om—k .
it is easily to see that < P P >=g gt T yder

Case 14:- Subgroups < zP" ", yP" "2 > Ly X Ly where 1 < ky <m < n,
ki <ko<nandky—ki >n—m.

By use of concept ks — k1 > n — m, we have m — k1 > n — ko and above case it
n—k

. . m—kq 2 . m—ky ;. n—ky . n—kg ;  n—kg
is easily to see that < zP , yP >£EL P yl2P , P yp >.

m—k n—k T
Hence, subgroup < zP" ',yP" ° > are not characteristic subgroups of Lgm X Lyn. .

m—k m—kq— n—k

Case 15:- Subgroups < 2P~ ' aP" lyp P> Liky X Ly where 1 < ky <
m<n, ki <ky<nand ky —k; > 2 for every odd prime.

Subgroups < zP" "t P yp > Ziy X Ly, where where 1 < ki <

m < n, ki < ky <nand ky —k; > 2 are not characteristic subgroups of Zym x Zyn

n—ko

. 2 n—m
because we can choose automorphism as y — y~ and =z +— xyP So, we get
m—ki—1  n—ky m—kq—1 ko—ky—1 n—ko m—kq m—ki—1 _n—ko
f(aP yP ) = P y® +2)p ¢< P ,zP yP >

kq m—k;—1 _n-— Ry m—k;—1 _n—k

hence we get f(< z?" ', P yPr S g P gp y?" " > be-
cause (pF2=F1=1 4 2) £ 1 (mod p)

)

k1 m—ky—1 n—ko

Case 16:- Subgroups < P aP yP > Ly X Lk, where 1 < ky <
m<n, ki <ky<nand2<ky—k; <n—m for even prime only.

kq m—k;—1 n—ko

Subgroups < 2P ' 2P > ZLpky X Ly, where 1 < kp <m < n,
k1 < ky <mand 2 < ky — k; <n —m are characteristic subgroups of Z,m X Zpn
because we can choose any automorphism as y — z''y’* where (ji,p) =1 =

yp
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n—ko . n—kg ;  n—kg . n—m X m—kq
yP = xhtP Typ and z — z'2y’?P where (i2,p) =1 = aP >
gizp™" "y T ) . )
m—ky m—kyp— n—ko
So, we get value of f(< aP xP yP >) as
< x,ime,—kl yj2pn7k17xi2+i1p((n7m)7(l€27k‘171))y(j1+j2pk27k171)pn7k2 >
By use of concept 2 < ko —k; < n—m, we have m—ko <m—Fky <n—ky <n—kq,
ky m—ki—1 _n

L . m— —k .
it is easily to see that subgroup < zP , P yP" % > is same to subgroup
< :L‘izpmfkl yjzpn—kl7miz_i_ilp((n—m.)—(kQ—kl—1))y(j1+j2pk2—kl—l)pn—kg -
m—k n— m— n—k
Hence, we get f(< a?" ' yP >) =< aP yP >
m—k m—ky—1 n—k

Case 17:- Subgroups < P ', aP" ' yP" 7 >z Ly X Lok, where 1 < ky <

m<n, k1 <ky <nand ky — k; > n —m for even prime only.

m—ky—1 ko kq m—ky—1

7xp "’Ep

By use of concept n — m < kg — k1, we have m — k1 > n — ko. Subgroups
m—kq m—ky—1 _n—kg

< zP , P yP > Zpky X Lk, where 1 <k <m < n, ky <kz <n
and ky — ki > m —m are not characteristic subgroups of Zym x Z,» because we

can choose automorphism as y +— z%1y7t where (j;,p) = 1 and x — z . So, we get
Flcap™ ™ ap™ T T T Sy = g aP >.
Ifm—Fki —1=n—ky, we get

< P g T T TR R >#< 2" P AN

If m—k1 —1>n— kg, we get (plk2—k)=(r=m)=1 4 1) ig odd.

Ky meki=1 pn—ka n—ks mek1 g
X

So,< aP" "t P P y ># P

m—kq m—ky=1 pn—ky ,n-—ky
X

m—ky—1

m=—k;—1 n—ky

yP >.
O

Finally, we combine the results of section 4 and 5 in next theorem

Theorem 5.2. Let Zym X Zpn = {x'y? |2P" = y?" = e,ay = yx,i =0,1,--- ,p™ —
1,j =0,1,---,p" — 1}, then list of characteristic subgroups of group Zym X Lyn
when 1 < m < n given below:-
(i) <e>x=17,
(ii) < xpm_k,ypn_k > Zpk X Lpe where 1 <k <m <n
(i) < g > Zipr where 1 <k <n—m L
(iv) (only for case when p is even prime) < aP" yP = >= 7. where 2 < k <
n—m . .
(v) < P P > Ly X Lphs where 1 < ky < m < n,ky < ky < n and
].Skg—kl Sn—m,

m—k m—ky—1 n—k
(vi) (only for case when p is even prime) < xP" ',z T yP" " ST X Ly
where 1 < kg <m<n,ky <ks<nand2 <ky—k; <n-—m.

6. Lattice of Characteristic Subgroups of group Z,. x Z,s where p is
prime

Now we write one already known results which are very useful to form charac-
teristic subgroup lattice for group Z,m X Z,» where p may be even or odd prime.

Theorem 6.1. [10] Characteristic property is transitive. That is, if N is character-
istic subgroup of K and K is characteristic subgroup of G, then N is characteristic
subgroup of G.
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6.1. Lattice of Characteristic Subgroups of group Zg X Za43.

Fig-1 Lattices of characteristic subgroups Zg X Zo43

6.2. Lattice of Characteristic Subgroups of group Z, x Zs,.
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Fig-2 Lattices of characteristic subgroups Z4 X Zss
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