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ABSTRACT

Free resolutions for a metacyclic group M and a factor group G of the Heisenberg group from
their presentations constructed by solving system of linear equations over the integral group ring
and determined the homology and cohomology groups. The method is straightforward, and the
free resolutions are explicitly expressed in terms of the free generators. The resolutions yield the
homology and the cohomology groups immediately.
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1. Introduction

We have computed the homology and the cohomology groups of a metacyclic group M
and a factor group G of the Heisenberg group by constructing free resolutions.The
1 x z

Heisenberg group Hsis the multiplicative group of the matrices |0 1 y | where x,y, z
0 0 1

are real numbers ([22], p.467). Huebschmann[9] has determined the cohomology rings of
G using the sophisticated and complicated machinery of perturbation theory developed by
him. He has also dealt with the modp cohomology of M [11]. To construct our resolutions
we do not need to use any sophisticated machinery such as Kiinneth relations, spectral
sequence and perturbation theory of homological algebra and Identity Theorem of
combinatorial group theory. The “rewriting systems” of Groves [5] and Carbone [2] also
have not been used. We have obtained our resolutions by extending Lyndon’s partial
resolution ([6], [12], [13]) through step by step solutions of systems of linear equations
over the integral group rings. The details of the construction are given in [19]. Let G =
F/R where F is the free group on {x,, - - , x,,} and R the normal closure of {r; - - -, r,}.
Let = : ZF — ZG be the ring homomorphism which extends the canonical
homomorphism from F onto G, and let m(x;) = h. Then Lyndon’s partial free ZG-
resolution of Z is the following:
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where

Yy is a free right ZG-module on {o;, - - -, o),
Y;is a free right ZG-module on {f,, - - -, f.},
and ¢, dy, d;are Z G-homomorphisms given by
e(g)=1,forallg e G

do(oy) =h—1,i=1 -, m,

or; or;
diB) = 2L ain(a—JJ, j=1,---n,Here é" is the Fox derivative [4] of r; with respect to
X; i

x;and is defined by
; or; .
r-1=%7(x —1)52, j=1,--n,

For the extension of this partial resolution, the first set of equations is obtained by
equating the right hand side expression for the map d; in (P). The solutions of this set of
equations is the kernel of d;. From these solutions we can read off the generators of the
next term Y, and the next homomorphism d, in the extension of (P) such that

Im d,=Ker d,.

Similarly, we can get the next term Y; and the next homomorphism d; in the extension
from the set of equations obtained from d, as in the case of d;. An extension of (P) to a
full resolution is obtained by continuing this process.

As the terms of this resolution are free modules on explicitly given generators and the
homomorphisms are explicitly defined on these generators, the resolutions immediately
yield the homology and the cohomology groups with arbitrary coefficient modules. These
have been determined and the integral homology and the cohomology groups have been
explicitly calculated. One of the objectives in choosing these two groups is to exhibit the
relative simplicity of our method in comparison to that of Huebschmann. While the latter
method is applicable to a wide class of groups including nilpotent groups of class 2, our
method too has been applied to different classes of groups ([1], [14], [15], [16], [17], [18],
[20], [21]) and is applicable to many others.

2. Determination of Homology and Cohomology of a factor group of the
Heisenberg group

The Group G considered here is given by

generators : /1, h, hz;

relations :/hy, hy] = hs [hy, hs] =1 = [hy, hs], hy = 1, where | € N



Homology And Cohomology 11

Then G can be viewed as a central extension of Z,by Z x Z, Z,is a cyclic group of order
[. Also we can see that G is a factor group of Heisenberg group H with generators : #;, A,

h3,’ relations : [l’l/, hg] = h3,[hg, l’l_g] =1= [h[, hg], h31: 1.

Thus G = F/R, where F is the free group generated by x;, x, x;and R is the normal
subgroup of F' generated by 7, r,, 13, rywhere

S 1 -l -1 -l 1
Fi=X3z Xz Xp X2Xp, F2= X2 X3 XoX3, '3 = X; X3 XjX3 Fg= Xj.
Then the fox derivatives are:

on, on,

—L =-x Xt —L =—x Xt X, — =1

0ox, 0ox, Ox;

or 67'2 67’2 _

—= =0, =t X, —=—xy xoxt 1,
ax, 0xz Ox

o 81’3 8r3 .

— =3t ~ =0, ——=—xy x5t 1,
axl 8x2 6X3

or, ory Ory :

—4 =y, =0, = x e
ox, 0Oxa ox3

Let n : ZF — ZG be the ring homomorphism induced by the canonical homomorphism

of Fonto G with R as the kernel. Let n(x;) = h;, i = 1, 2, 3. Then,

T (%J:—hj_l hyh+ 1, ﬂ(%J:hr}’w, ﬂ(ﬁ]:'l,
ax, Ox, X3
on | _ %J_ (%)_

- o _ hy—1, ﬂ(%J:
ox, Ox

T o | 0, ﬂ(%J:
ox, Ox

Theorem 1.1

The following is a free Z G-resolution of Z:

0;
0;

dz d3 d2 d2 dO €
e 1YY Y, Y, >Z > 7 -0

where

Ypis a right ZG-module free on a;, o, a3,
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Y;is a right ZG-module free on 5}, B, f3, B4

and ¢, dy, d;, d, d;are the ZG-homomorphisms and given by
e(g) =1, forallg € G

dofoy) =h—1,i=1,2, 3,

or
di(B) = Zf_lain[ij, =123 4

l

dx(B1) = Bi(hs- D-Bo(hi=h2)+B5(1 - h hs)

do(B2) = Pa(hs™' +...... + 1) + Buhy— 1),

d>(B3) = Bs(hs™ ..o+ 1) + Bu(hy— 1),

dx(By) = Pa(hs— 1),

di(B1) = Bu(hs™ ...+ 1) + Bo(hy— h3) + Bs(1 — hahz) — Ba,
ds(B2) = Paths— 1) + Bu(1 — hy),

ds(Bs) = Ps(ths— 1) + (1 — hy),

ds(By) = Ba(hs™ +.....+ 1).

Proof

By (P) it is sufficient to verify the exactness of the sequence only at the first, second and
thirdY;’s from the right.

Exactness at Y, (first from the right)
didx(B1) = diffi(hs— 1) = Bo(hi— h3) — B3(1 — hohs)]
= (ai(1 — hohs) + ax(hi— hy)=a3)(hs— 1) — (ax(hs— 1) + a3(1 — hy))(hi— hs)
—(o(hs— 1) + a3(1 — hy)(1 — hsh3)
=0,
Similarly, one can easily show that, d;d>(f,) = 0 = d;dx(f3) = did:(B4).
Kerd; « Im d..
Conversely, let d;(Bryi+ B2yt BsysT Pays) = 0, for some y,€ ZG, i =1, 2, 3, 4.
Then  [oy(1 = hoh3) + ax(hy= h3) — as]yr+ [ax(hs— 1) + as(1 — ho)]y:
+ay(hs= 1) + as(1 = hy)]ys+ as(hs™ + ...+ Dy,= 0.
Since, Y,is free on a;, a,, a3, this implies that
(1 = hoh3)yi+ (hs— Dy;=0 o (1)
(hi= hy)yrt (hs— 1)y>=0 (2
=y (1 = ho)yt (1 = h)ys+ (s +.....+ Dy,=0 ..(3)
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Multiplying (1) by &5"'+......+ I, we have
(hs"™'+.....+ 1)(I = hy)hsy;= 0. Since the order of h,is not finite,
(hs™+... ... + 1)y;= 0. Hence by Proposition 1 of [14]
y;=(hs— 1)y’ for some y ;€ ZG.
Put the value of y;in (2), we get
(hs— 1)[(h;— hy) y"; +y,] = 0. Therefore,
(h— h3) y'1 +y.= (hs"'+.....+ 1)y, for some )", € ZG, by Proposition 2 of [14].

Now putting the value of y;, y,and y;in (3), we get,
(h™ oot DI = hy) Yot (1= h) 5+ 7] = 0.
Thus, y,= (hs= 1) y's+ (ho—= 1) "2+ (b= 1) 7’5, for some y'y€ ZG.
Hence Bryi+ B2yt Bsyst Bays
= {Bi(hs— 1) = Pa(hy= hy) = Bs(1 = hoh9)} y' 1+ {Bo(hs™ + ...+ 1) + Bu(ho— 1)}y
HPs(hs o 1)+ Pulhi= 1}y 5+ Balhs= 1)y
=do(Bry 1By 2By sty y) < lmd,.
- Ker d;=Im d..
Exactness at Yi(second from the right)
The kernel of d, contains the image of d;is obvious; so we only prove its converse.
Let B+ Boyo+ Bsyst Bays€ Ker ds,
Then dx(Biyi+ Bay2t Bsyst Bayy) = 0.
Le., [Biths—1)= Bo(h;— h3)— Bs(1—hoh3) ]y +{Ba(hs™ + .ot DHBoth— 1)}y
H{Bs(hs™ ..+ 1) + Ba(hy— 1)}ys+ Bahs— Dy,= 0.
Since ), B2, B3, P4, are linearly independent
(hs— 1)y,=0
(hs"'+.....+ Dy:— (h— hy)y,= 0
(hs™"+ ...+ Dys— (1 = hshg)y,=0
(hs— Dyt (hy— 1ys+ (h,— 1)y,= 0. Thus, from the first equation, we have
v =(hi"+...... + 1) y’;, for some y'; € ZG, by Proposition 2 of [14].
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Putting the value of y; in the second and third equations and applying Proposition 1 of
[14], we get

v2= (hs—= 1) y' 2+ (hy= h3) y';
ys= (hs— 1) y'3+ (I — hyh3) y';, for some y’,, y'; € ZG respectively.

Substituting for y,and ys;in the last equation and an application of Proposition 2 of [14],
gives

V4= (h31_1+ ...... + 1)))’4_j)']+ (1 - hz) j)’g"‘ (] - h]) y,], for some y,4EZG.
Therefore, By, + Boy2t Bsyst Bays= ds(Bry 1 + B2y "2+ B3y '3+ Bay'y) € Imds.
.. Ker d,=1m d;.

Exactness at Y;(third from the right)

By the definitions of d;and ds

Ker d; cIm d..

So let B1yi+ Bayat Bsys+ Baya < Ker ds, then ds(Bryi+ Bayat Bsyst Bays) = 0,

i, Buhs™+.....+ Dyt Bo(hi— h3)y+Bs(1 — hohs)y—Bayi+ Baths—1)y2+Bs(1 —h2)ys
+ Bs(hs— Dys+ Bo(l — hy)ys+ Ba(hs™ + ...+ Dy,= 0.

Since Y;is free on f;, B>, 3, B4, we have equations

(hi= h3)yi+ (hs— 1)y.= 0,
(1 = hoh3)y,+ (hs— 1)ys= 0,
=yt (1 = hlyzt (1 = hy)yst (hs™'+ ...+ Dyy= 0.
From the first equation, by Proposition 1 of [14], we have
yi= (hs— 1)y, for some y 1€ ZG.
Substituting in the second equation and applying Proposition 1 of [14], we get

ys= (hi ' +... ... + D) y's— (1 — hhs) y'), for some y ;€ ZG.
Substituting for y;, y,and y;in the last equation and applying Proposition 1 of [14], we get
va=(hs= 1)y (1 = hy) y 2= (1 — h) y's for somey’y € ZG.
Thus, Bryi+ Bay2t Bsyst Bays= da(Br "1 + Bay'>t Bsy'st Bay’s).
.. Ker ds=1Im d..
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By the nature of the sequence we do not need to consider any more terms, and the proof
of the theorem is complete.

Homology Groups of G

Let A be a left ZG-module. The homology groups H, (G, A) are given by the homology of
the complex:
dy dy o dy dy  dy
v Ao A4 A 545450

Where A"stands for the direct sum of # isomorphic copies of 4 and the homomorphisms

a’o,a’l,gz,c?3 are induced by dy, d;, d>, ds respectively and are given by

dy (a, as as) = (h— Da+ (hy= Daxt (hs= 1as,

671 (Cl], dap as, 614) = ((] - h2h3)a1+ (h3_ ])613, (h]_ hg)a1+ (hj_ ])az, —a1+ (] - hz)az
+(1 = hyas+ (hi'+.....+ Day),

ds (ay, a5 a3, ag) = ((hs— Day, (hi™"+ ...+ Dar— (hi— hy)ay, (hs+ ...+ Da;
—(1 = hohs)ay, (hs— Day+ (hi— Das+ (1 — hy)ay),

33 (611, ap, das, a4) = ((h31_1+ ...... + ])CI/, (h3_ I)a2+ (hj_ h3)a1, (hg_ 1)a3
+(1 - h2h3)a3, (h3l_1+ ...... + ])a4+ (] - h1)a3+ (] - hg)(lg* a])

forall a;, ay, as, a;e A

When 4 is a trivial ZG-module Z, the above homomorphisms of the complex reduce to
the following:

JO (a;, as asz) = 0,

671 (ai, ay as, ay) = (0, 0, —a,+lay),
‘72 (as, ay as, ay) = (0, lay, las, 0),

673 (a;, as as, ay) = (la;, 0, 0, la— a;).

Therefore, in this case, we have

H, (G, Z)= Z

_ Ken?o _ {(a25a25a3)|a2’a2’a3’62}

g =(x,,2]2=0,z=0)=2"
lde {(ana_az + a4)|a2,a4 € Z}

Hl(Ga )

Kerd, _{(ay,ay.ay,a.)|a, =lay,a.,a;5,a, € Z} _ (x)® () ®(2)

H, (G, z) =294
:(6.2) Imd, 1(0,la, +la, 0)ay,a; € Z} () + (I2)
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=Xy, z|ly=0,z=0)z20227,

Kerd, 3 {(al,az,a3,a4)|a2 =0=a,;a5,a,,a,,a, €2}
Imd, (a,0,0,la, - ax)|ay,a, € Z}

__ 09w
(x=y)+(ly)

=, y|y=ly=0)=xx=0)=2Z;

H; (G, Z2)

,writing x = (1, 0) and y = (0, 1).

Kerc?z _ {(azaazaasa%)vaz =0,a, =lay;a,,0,,05,0, € Z} _ oW

= H4(G5 Z) =
Imd, {(0,la,,la;,0)|a,,a; € Z} (Ix) + (Iy)

=,y Ix=0,ly=0)=xx=0)=Z,D Z,
Thus Hy, 1 (G, Z) = Z/,n > 2.

Hy, (G, Z)=Z,®Z ,,n>2.

Cohomology Groups of G

Let A be a right ZG-module, then the cohomology groups H" (G, A) are given by the
homology of the complex:

# * * * *

dy 4d3 4d2 4d1 4d0
e A A A A A A0

where A" is the direct sum of n isomorphic copies of A4 and the homomorphisms
d; ,dl* ,d; ,d; are given by dy, d;, d,, d; respectively and given by

dy (@) = (a(h— 1), a(hy— 1), a(hs— 1)),

dl* ((11, ay, (13) = ((11(1 - h2h3) + az(h1_ h3) —da;, ag(h3_ ]) + ll3(1 - hz),
aiths— 1) + as(1 — hy), as(hs™+.....+ 1)),

d; (ay, as, as, aq) = (@y(hs— 1) — as(hi— h3) — as(1 — hohs), ax(hs™'+ ... +1)
+a4(hg_ I), a3(h31‘1+ ...... + 1) + a4(h1— I), a4(h3— ])),

d; (a;, as as, aq) = (a;(hi'+...... + 1) + axth;= hs) + as(1 — hihy) — ay, ax(hs— 1))
Yay(l — hy), as(hs— 1) + a1 — hy), ashs™'+.....+ 1)).

When 4 is a trivial ZG-module Z, the above homomorphisms of the complex reduce to
the following:

dy (@) = (0, 0, 0),

dl* (a;, a az) = (—as, 0, 0, las),

dy (ay, az as, a;) = (0, lay, las, 0),
d; (a;, ay, as ay) = (la;— ay, 0, 0, lay).
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Therefore, in this case, we have

HG,2)=7
H(G, 7) - Kerdi _ (@t 0laa e 2t o o

Imd, {0,0,0}

, 0,0a,)|ay,a, € Z

Hz(G’ Z) _ Kera:z _ {(az a4)|a2 a, € } . ()@ (y) ~ (x’y N ]y) -7/

Imd, 1-4,,0,0,la, )|a3 €eZy (—x+ly)
HYG, Z) = Kem? _{(ay.ay,a5,a)|lay =ay,la, =0,0,,a,,0,,0, € Z} 767,

Imd, {0,1612,Za3,0)|a2’a3 e’}
H4(G, Z) Keral; _ {(az,az,a3,a4)|a2 =0=a;;a,,a,,a5,a, € Z}

Imd3 {(laZ —da, a0,0,1614)|az,a4 S Z}
- (DO0)

= =(x,ylx=0,x=0) =0 =0)=Z/.
(be,—x+1y)

Therefore H" (G, 2) = Z/®Z;,n > 2.
H2n (G, Z2)=Z 7 n> 1.

3. Determination of Homology and Cohomology of the Metacyclic Group
An infinite Metacyclic group M has a presentation:

generators : iy, hy,

relations : k) =1, hhy ' = By ; (r, ) = 1.

Every finite metacyclic group can be regarded as a factor group of M.

We see that, M = F/R, where, F'is free group generated by x;, x, (say) and R is the normal

subgroup of F generated by r;, »; where r; = xg , 2= X, "X b ! Then the Fox derivatives

are:
or, or, .
—L =0 , —L =t
0ox, ox,
or. _ _ 87'2 _ _(f— _ _ _
=2 =xx —x ", a—=—(x2’+x2(’ Do, +, XX X, Xy
Ox, X2

Letn: ZF — ZM be the homomorphism induced by the canonical homomorphism of '
onto M with R as the kernel. Let wt(x;) = h;, 7 (x;) = h,.
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Theorem 3.1
The following is a free ZM-resolution of Z:

dy d3 dy di dy €
i Y Y YS>Y>S5Y—>ZM—> M — 0

where Y is a right ZM-module free on o, f and & dy d;, d, ds... are the ZM-
homomorphisms given by

em) =1, forallm e M,
dofa) = h,— 1, do(B) = ho— 1,

di(a) = Bh "+ ...+ 1),

diB) = a(hy— 1) b +Bh —h' (1 + hy+ -+ B,
dofa) = afhy— 1),

o) = aft = I )PORTD  By 1),

ds(a) = a( S+ ..+ 1),

ds(B) = a(h — t(h + -+ 1)) + B(H. —1),
dy(a) = alh,— 1),
dy(B) = o= )+ 4+ + B +1),
ds(a) = a(hg"1+ ...... + 1),
dsB) = a(h = £ 4 -+ 1)) + B(R. —1),
dg(o) = a(h,— 1),
ds(B) =a(t3 — I )+BTV 4 -+ By +1), and so on.
From the nature of these maps and the modules the sequence is clearly exact.

Homology Groups of M

Let A be a left ZM-module, then homology groups H,(M, Z) are given by the homology

of the complex:
dy ds dy d, do
e DA S A S A A 545450

dop dy, ds, ds, dy, - - -, respectively and are given by
dy(ay, a;) = (h;— Da;+ (hy— Das,
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d(ay, a) = ((hr— 1) b as, (4 + Day+ b ar— (K7'+ -+ + Day),
d, (a;, az) = ((hy— Das+ (t — b7 )as, (K™ + - + B+ Day),

dy (ay, ay) = ((h"+ -+ Dart (' = t(hy™ + - + D), (B = Day),

d, (a5, az) = ((hy— Da;+ (€= h " as, (K7™ + -+ B+ Day),

ds(ay, @) = ((hy™'+ -+ + Da+ (b = £ (W + -+ D)ay, (B — Day),

dy(ay, a3) = ((h— Day+ (€= b Jas, (KD + -+ B+ Day),

When 4 is a trivial ZM-module Z, the above homomorphisms reduce to the following:
‘70 (a;, az) =0,
d,(a;, a) = (0, rar+ ar= tay),
d, (ay, az) = ((t — Das, ray),
33 (a;, a;) = (ra;+ a,— tzag, 0),
d, (a1, a)= (f~ Das, ray),
675 (a;, a;) = (ra;+ a,— tjag, 0),

dy (a5, az) = ('~ Das, raz),

Therefore, in this case, we have

HyM, Z)=Z,

Kerd, {(alaa2)|a1’a2 €Z}

H M, 7)= —=
r( ) Imd,  {(0,ra, +(1 —t)612)|c11,cz2 ez}

=7 ® 7,(2) where h'V =h.c.f(r, 1-1)

Kerd, _ {(al,a2)|ra2 +(-0a,=0,a,aqy€Z}  Z,(s,7)

B A (R PN PP S A V)

= Zh(2)

d , t—1a, =0=ra,;a, VA
H; (M, Z) = Kerﬁiz _ {(q a2)|( )a12 ra,;a,,a, € L} ~7,0.
Imd, {(ra,+ (1= ")y 0)a;,a, € Z}

Where h'® = (r,1- tz), r=hP", 1 -t*=h%s".
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H, (M. Z) - Kerc73 _{(al,az)ral—i-(l—tz)az=0;a1,a26Z}~ () _ o
U md, (P Daraaa ey (P (s,r)

7 {(a, )|t -Da,=0=ra,;a,,a, € Z}
Hs (M, Z) = Kerﬁl4 _ W 1 2241, 4 ~ (1,0) ~7,0,

Imd, {(ray +(1-1%)a,,0)|a;,a, € Z} (h¥(1,0)) ~
where h(3)=(r, 1- 13),r= KOt 1 -2 =h¥s" since 1 =1 a; +s'" a, for some a;, a, € Z.
From the nature of the homomorphisms Hg(M, Z) = Z,(3).

Thus, in general, H(M, Z) = Z,(n),i =2n— 1, 2n, n > 1 and ™ = (r, 1 — 1").
Cohomology Groups of M

Let A be a right ZM-module, then the cohomology groups H"'(M, A) are given by the
homology of the complex:

* * * * *

2 6 2d;k Zd4 2d3 Zd2 2d; 2dO
e A CACCA A A AT A —A0

where the homomorphisms d; ,dl*,d; ,d; , - -are induced by dy, d;, d5, d3, - -

respectively and given by
dy (@) = (a(h;= 1), a(h;= 1)),
d; (ay, az) = (ax(hy'+ - + 1), ay(hy— 1) b +ar b — ay(B7 4+ -+ + 1)),
d; (a;, ar) = (a;(hy— 1), ay(t — b )+ay(h ™V + -+ h + 1)
dy (ay, ay) = (a;(hy"+ -+ 1), ay(W' = (B + -+ 1)) + ax(hs — 1)),
dy (ay, @) = (@(ho= 1), aiff = I )+ ax(WCD 4+ B+ 1),
dr (ay, az) = (a(hy™+ -+ 1), ay(h™ = £(R + -+ 1) + ax(hl — 1)),

dy (), az) = (aiths— 1), ar(@ = B )+ a(h™+ -+ B+ 1)),

and so on, for all a, a;, a,e A.

When 4 is a trivial ZM-module Z, the above homomorphisms reduce to the following:
dy (a) = (0, 0),
d1* (a;, ay) = (ray a,— tay),

d; (a;, a;) = (0, ray+ a,(t — 1)),
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ds (ay, az) = (ray, a)(l —£)),
d: (a;, az) = (0, a](tZ— 1) +ray),
d; (a;, az) = (ray, ai(l - 1),

d (a), az) = (0, a;(f— 1) + ray).

Therefore, in that case, we have

H M, 72)=Z

Kerd! _{(,7:)|, =0y, €Z)

H M 7)= =
Imd, {0,0}

=7

Kerd, {0y )mn+E-Dy=0y,0,€Z}  Z,(r.s) -7

ST e (-Dpbnmezy 2,00y

H> (M, Z) =
( ) Imd,

4. Ay, =0=(1-1)y, =0;3,,y, € Z}
H; (M, Z);Kerﬁiu ’ 2‘ ’ 2 22 ~ {(0,,)}

Imd, {(ry, + (- t)y1)|y2:y2 €Z} B {(0,((ry, + sy,)n™)

=7,".

where 'V =(r, 1 —1), I= 1" y, + s'y,.

— 2 — 0
. o 29 = Ko 0o D=0 € 20 e

Imd, (v, (A=) )|yy, v, € Z) T Z (WP 0"s")
7 , =0=>1->)y,:», 7
Hs (M, Z) zKer_dS _ { J’2)|7y1 : ( )V V.V, €2} ~ "{(O,yZ")}z - ~7,@
Imd, {0, + (@ =Dy, v, € Z} {0,(r"y, +5"yHAT)

where 1% = (r,1- tz), 1=r"y, +5"y1.

Kerc?6 B {(ylayZ)‘Wl +(t3 Dy, =0;y,y,€Z} - Z.(r,s) ~7.0
Imd (v, (A=) ).y, € Z} T Z, (WD) '

Thus in general, H (M, Z) = Z,™, fori=2n,2n+ 1,n>1and 4™ = (r, 1 = 1").

H* M, 7) =
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