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1. Introduction

The following considerations are based upon the semi-linear point of view.
Throughout this paper a surface means a' connected closed 2-submanifold in
Euclidean 3-space E® unless otherwise stated. J. Milnor investigated the con-
nected sum of connected orientable closed 3-manifolds and its prime decomposi-
tion [7]. In 2 of this paper we will define the isotopy sum of surfaces, substituting
isotopy of E® for homeomorphic sense of Milnor’s definition of connected sum,
and its prime decomposition. The uniqueness of the prime decomposition for
isotopy sum of surfaces is an open problem and seem too complicated. So we
will examine mainly the special case, the surfaces of genus 2. It is the main
purpose of this paper to prove the following theorems;

Theorem 1. (existense theorem) Every nontrivial surface has a prime decom-
position.

Theorem 2. (special case of uniqueness theorem) For any surface of genus 2,
the prime decomposition is unique up lo isomorphism.

Decomposition of a surface is closely related to simple loops on the surface.
Earlier, Fox and Homma proved the existense of a non-trivial E- or I-
unknotted loop on any nontrivial surface. Recently Waldhausen [13] proved the
uniqueness of the Heegaard splitting of 3-sphere S% His theorem (3, 1) is
a special case of the uniqueness of prime decomposition for bi-free surfaces. In
7 we will study with surfaces of genus =2 a little. At last we will give two
prime surfaces as examples.

Two surfaces M and M’ are said to be isomorphic, denoted by M=M’, if
there is an isotopy of E® throwing M onto M’. Especially, a trivial surface
means a surface isomorphic to the 2-sphere S2.. We denote the isomorphic class
of a surface M by [M], so M is a representative of [M]. But we will not
distinguish the representative from its isomorphic class unless confusion.

I wish to thank Professor T. Homma for suggesting the problem and many
discussion. ' :
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2. Isotopy sum

For a surface M we use IntM and ExtM to be denote the closures of
bounded and unbounded components, respectively, of E®—M. And define Int M
=Int M—M and Ext M=Ext M—M. Two surfaces My and M; are said to be
separated, if there are disjoint 3-balls Bo and B: such that Mcé., =0, 1.
Equivalently above, there is a 3-ball B such that MycB and BcExt M (or
M,c B and B<Ext My).?

Definition 1. Let M, and M be separated two surfaces and B be an associated
3-ball; MoCé, BCExtMi. Let h:D*x I—Ext MoNExt M, be an embedding of
3-ball such that W(DxI)N Mi=h(Dxi), i=0, 1, and K(DxI)N B=h(Dx1/2).?

We call the surface Mo% M the isotopy sum of surfaces Mo and M, defined
by

| Mo# My=MoUM:UDxI)—h(DxI) .
Let note that
Mo=[(Mo % M1) N BlU [Int (Mo % M) N B] =bd[Int (M8 M) N B],
Mi~[(Mo# My)— B)U[Int (Mo # M) N Bl=bd[Int (M, # M1)—§] .

Obviously Mo # M does not depend on order of Mo and M:; Mo% Mi~M, % Mo,
and the associated 3-ball B. From the homogeneity of manifold [4] and from
that A(DxI)NB=h(Dx1/2), Mo# M, is independent from the choice of % up to
isomorphism. So, the above isotopy sum of surfaces is well defined up to
isomorphism. Hence, [Mo# Mi]=[Mo] % [M:] is also well defined. The sum opera-
tion % is commutative, associative and trivial surface serves as identity; [M]
=[M]%[S%].

We call M~M:% M. %- - -# M a decomposition of M into factors M;, j=1,---, k.
A nontrivial decomposition means a decomposition of which each factor is non
trivial.

Definition 2. A non-trivial surface M is said to be prime, if either My or
M: is trivial for any decomposition M~Mi%M: of M. A prime decomposition
means a decomposition of which each factor is prime.

1) bdA and A=the boundary of A,

int A and A=the interior of A, and

clA and A=the closure of A, throughout this paper.
2) I means a closed unit interval; I=[0, 1].
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Lemma (2,1). For any decomposition M~Mi % M: of M, g(M)=g(My)+ g(Mz),
where g(M) is the genus of M.

Corollary to Lemma (2,1). Any surface of genus 1 is prime.

Proofs of above are trivial and we drop them.

Proof of Theorem 1. If a nontrivial surface M is non prime, then there
exists a nontrivial decomposition M~M;% M;. And if either Mi or M: is non
prime, one can decompose M to M~M/|% Mi% M}, and so on. By lemma (2, 1),
EM)=gM{))+g(M3:)+g(M3). Then from above corollary this process must
terminate after a finite number <g(M) of steps.

Remark. In this paper we disregard the orientation of surfaces in E3.
Considering an oriented 2-submanifold M in S® (ofcourse M is orientable if McS?),
the orientation of M is determined by appointing one of components of S®—M.
Then isomorphism and isotopy sum of surfaces in S3, similarly, could be defined
as in E% But in this situation we must careful with respect to the position of
two surfaces in S® from which we will construct the isotopy sum of them. That
is, separated condition in S® is defined by adding to the same in E? that two
appointing components (with respect to the orientation) of them are set disjoint.
Further, for oriented surfaces M1 and M: in oriented closed 3-manifolds N1 and
N2, respectively, the sum of them can be also defined by “relative connected
sum” of 3-manifolds. For more precise, see [13].

3. Simple loops on surfaces.

A loop (a simple closed polygonal curve) J on a surface M is said to be E-
unknotted (I-unknotted), if there exists a proper 2-disk in Ext M(Int M) which
is bounded by J.® By Dehn’s lemma, if J~1 in Ext M(Int M) then J is an E-
unknotted (l-unknotted) loop. We say J a bi-unknotted loop if both E- and I-
unknotted. And a loop J is trivial on M if J~1 on M.¥

Lemma (3,1). If a loop J on a surface M is bi-unknotted, then J~0 on M.»

Proof. From the definition, there are two proper disks D: and D: in Ext M
and Int M, respectively, such that Di=D:=J. DiUD: is a polyhedral 2-sphere

in E® iInt (D1U D3) and Ext (D1U D;) are separated in E® by (DiUD:). Since

3) M is proper in N if NnNM=M.
4) =~ means homotopic to, (=1 means null homotopic),
5) ~ means homologue to, (~0 means null homologues),
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M is orientable J has a bi-collar neighborhood V on M such that (V, J)=(StX I,
Stx1/2).9 Jseparates V—Jinto Vo=(S*X[0, 1/2)) and V1=(S*%X(1/2,1]). We may
assume that Vecint (D1UDs) and VicExt (D1UD:2). Suppose J70 on M(i.e. J
does not separate M), then any pair of points po€ Vo and p1€ V1 are joined by
an arc A on M which does net intersect with /. Then (DiUD:)N A+, but
(D1UD:)NM=]. This contradicts to JNA=¢.

(8,2). For any non-trivial surface M, the following statements are
equivalent; '

(1) M is prime, and

(2) any bi-unknotted loop on M is trivial on M.

Proof. (2)——(1) is trivial from the definition 1, then we will show only
(1)=—(2). Suppose there is a non-trivial bi-unknotted loop Jfon M. Then there
exist proper 2-disks D: and D: in Ext M and Int M, respectively, such that
DiND:=D1=D:=]. By lemma (3,1) J~0 on M. Let f: D*xI—IntM be an
embedding such that f(Dx1/2)=Ds, fAIDXI)CM and f(DxI)cint M. And let
Mi=bd [IntM—f(Dxf)]ﬂ[fnt (D1U D2)], and M:=bd [Int M—f(DXf)]'—'Ml. Since
J is nontrivial on M, both surfaces Mi and M: are nontrivial. Put Int(D.U D)
=B3. Then f(DXxI)NB3=f(Dx1/2). The conditions of definition 1 are satisfied;
M~DM: % M,. Hence M is non prime, and this completes the proof.

Definition 3. Let L: and L: be two loops on a surface M. We may assume
that (LiN L:) consist of finite number of points and that L: and L: are crossing
each other at each point of LiNL:. Let denote the number of points of (Li1N Ls)
by n(Li, L2). A pair of loops L1 and L: are said to be normal on M (or, in
normal position on M), if n(Li, Lo)<n(Li, hi(L2)) for anmy isotopy h:(0=t=1) of
M? If Li and L: are normal pair of loops on M, then L: and L: are also
normal pair on M.

4. Some lemmas
Lemma (4,1). For any surface M of genus n, Hi(Ext M)=Hi(Int M) is

isomor phic to free abelian group with n bases.

Proof. From [3], IntM is homeomorphic to the complement of some solid
torus of genus # in S%. And lemma is obtained by the Alexander duality.

6) o< means homeomorphic to, or group isomorphism in later.
7) Throughout this paper, isotopy h{0=<¢=<1) means such that hy=1 (identity).
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Lemma (4,2). Let N® be a compact 3-manifold in E® with connected boun-

dary N=M of genus=2. Suppose the homomorphism i*:xy(M)——ny(N), induced
by the inclusion i : M—— N, has a non-trivial kernel. Then there exists a proper
2-disk D in N with non-trivial boundary D on M such that D~0 on M.

Proof. From the loop theorem [8], there exists a nontrivial simple loop on
M which is null homotopic in N. By Dehn’s lemma [9] it bounds a proper 2-disk
Din N. If D0 on M, we can construct another disk D’ in N satisfying the
required properties from D.

Corollary (4, 3). .Fof any surface M of genus =2, there exists an E- or I-
unknotted non-trivial loop J on M such that J~0 on M.

(4, 3) is obtained from (4,2) and that for any surface of genus =1
there is an E- or I- unknotted non-trivial loop on M [3] [5].

Lemma (4,4). Let N°®be a compact 3-manifold in E® with connected boundary
of genus n. If =(N) is a free group then N is a solid torus of genus n.

Proof of (4, 4) is trivial by induction on genus of the boundary surface from
(4,1) and (4, 2).

Lemma (4,5). Suppose h is an isotopy of a surface M, then there is an isotopy
H of E® which is an extension of h.

Proof. We can decompose 7% into a finite number of isotopies of M of which
each factor is supported by a 2-disk. And extends each isotopy to the isotopy
of E® supported by a regular neighborhood of a 2-disk. Required H is a product
of them.

Lemma (4,6). Let D: and D: be proper 2-disks in Ext M (or Int M). If D:
and Ds are normal on M, then there is a proper 2-disk D! in Ext M (or Int M)
such that D{=D: and (DiND:) consist of 1/2m(D1, D2) proper arcs. In the case
that D1 and D: are in Int M, we can choose D{ isotopic to D: in Int M (so, in E®
keeping M fixed. , :

Proof. We may assume that DiND: consists of a finite number of disjoint
simple loops Li, Lz,---, Lr and 1/2#(D1, D) disjoint proper arcs. One of loops,
say Li, must bound a 2-disk Do in D: such that DoNDi=Do=L;. On the other
hand, there is a 2-disk, say D}, in D: bounded by Li. Let D{=(Di—D{)U D,
and deform slightly away from D;. One obtains a proper 2-disk D¥ such that
(1) D¥=Ds, (2) loops in D¥N D: are some of Lz, Ls,- -+, Li, and (3) arcs in D¥ N D:
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are the same of DiND: In the above step, if Ext (DoU D)o M, we will show
that D¥ could be taken isotopic to Di in E?® keeping M fixed. Let N=N(Int
(DoU D}); E® be a regular neighborhood of Int (DoU D}) in E?® (it is sufficient that
N is a 2-nd derived neighborhood of Int(DoUDY}) in E? for some trianguration
of E® with M, D1, D, etc. subcomplexes). A connected component Do of NN D:
which contains Do is a proper 2-disk in N. Do separates N into two 3-balls N
and Nz; NiUN:=N, NinNe=Do. Int(DoUDY) is in either Ni or Nz, say in M.
Let h(0<t=<1) be an isotopy of N such that A|N=1 and hi[Int (DoU D})]< N:— Do.
Extend 4: to an isotopy H:(0=<?¢=1) of E? by H:|N=h: and H:|E®—N=1. Then
Hi(D:) satisfies the conditions (1)-(3) of the above 'as D¥. Repeating the above
process, one obtains 2-disk D/ such that D{=D; and D{N D: contains no loops.
This completes the proof.

Lemma (4, 7). Suppose M~Mi% M: is a decomposition of M, then

n1(Ext M)=n(Ext M) x n(Ext M:), and
7i(Int M)=r,(Int M1) * m1(Int M), where * means free product of groups.

Proof of this lemma is trivial from definition 1 and by the van. Kampen theorem.

Definition 4. A surface M is said to be E-free (I-free), if =i(Ext M)ni(Int M)
is a free group of rank>0. We say a surface M bi-free if both E- and I-free.

Suppose a surface M of genus 1 is in S3%, then the closure of one of compo-
nents of S®*—M is a solid torus [1]. From this the following lemma is trivial.

Lemma (4,8). For any surface M of genus 1, one of the following three
different cases arises;
(1) M is bi-free,
(2) M is Ifree and mi1(Ext M)=¢a knot group FZ, and
(3) M is E-free and mi(Int M)=2a knot group FZ.

Lemma (4,9). Any nonprime surface M of genus 2 fall in one of the fol-
Jowing different 6 cases (i.e. for a non-trivial decomposition M~ M4 M: of M,
we have the following table by reordering indices).®

M M; 71(Int M) mi(Ext M)
(1) bi-free bi-free Z xK Z xZ
(2) bi-free E-nonfree Z xZ Z xK
(3) bi-free I-nonfree Z *xK Z xZ
4) E-nonfree E-nonfree Z xZ Kix K;
(5) I-nonfree I-nonfree Kix K Z xZ
(6) E-nonfree I-nonfree Z xK K'xZ

8) in the table, each of K, K’, K; means any knot group but Z (infinite cyclic).
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Proof. It follows from (4,7) and (4, 8) and by that any knot group is in-
decomposable with respect to the free product of group [9].

(4,10). Any two bi-free surfaces M and M’ of genus 1 are isomorphic.

Proof. By (4,4) Int M is a solid trous of genus 1. Then there is a polygonal
loop L in Int M such that Int M is a regular neighborhood of L in E% zi(E®—L)
=ri(Ext M)=%Z. By Dehn’s lemma L is a trivial knot in E® Similarly for M’,
there is a loop L’ of which Int M’ is a regular neighborhood in E3% Hence
there exists an isotopy of E? throwing L onto L’. From the uniqueness of the
regular neighborhoods this gives an isomorphism of M to M’.

By (4, 10), there may be no confusion if we denote a bi-free surface of genus
1 by 7. And we also denote mT~T:1% T2 %---# Tw, where each T: is a surface
isomorphic to T.

5. Existence of prime surfaces.

(Suzuki) [11]1 [12]. For any integer n=1, there exists a prime
surface of genus n.

Suzuki constructed so complicated surfaces in S® which are extension
of Homma’s example [5]. In his paper Suzuki defined the primeness of the
surfaces in S® by the property (2) in our lemma (3,2). Through the natural
inclusion 7 : E3——S3, where S?*—n(E®=co is an infinite point of E3, primeness
of the surface in E® and in S® are equivalent. We denote the one-point com-
pactification of Ext M by Ext M=S3—n(int M ) for any surface M in E®. Here
we will show only the primeness of the Homma's example H of genus 2.

Example 1. The surface H (in Figure 1) of genus 2 is prime.
Proof. At first it is easily cheked that zi(Int H)=%K x K, where Kisa knot

f
Y3 L
Figure 1. Figure 2.
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group of the clover leaf. By (4, 10) we prove H prime if we check that mi(Ext H)
¥ZxZ. It is obvious that Ext He=E?*—L, where L is a connected linear graph
in Figure 2. Calculdting 71(E®—L) by the way of Kinoshita [6], we obtain that;

1 (E8—L)=(y1, y2, ¥3; y1¥8y1'y3'y2ysys?), and 2-nd Alexander polynomial 4§ ()
=2¢—1, where generators yi, y2, and ys are as in Figure 2. Hence 7i(Ext H) is
indecomposable with respect to free product (then there exists no nontrivial
E-unknotted loop on H), and H is prime.

6. Proof of Theorem 2.

Since we have the rough classification of non-prime surfaces of genus 2 by
lemma (4,9), then we complete the proof of the theorem if we check the 6 cases
in (4, 9).

(6,1) For the case (1) in (4,9), the theorem follows directly from (4, 10).

Let M~M,% M. be a non-trivial decomposition (so, prime decomposition) of
a given non prime surface M of genus 2 with an associated 3-ball B%. Suppose
M~M{% M} is another non-trivial decomposition of M with an associated 3-ball
B’. By the definition 1, we may assume that Mi=(MNB)UC, Mx=(M—B)UC,
M!{=(MNB)UC’ and M}j=(M—B)NC’, where C=BNInt M and C'=B’NInt M.
Let denote B—éf—-D and B’—C’=D’. We may assume also that D and D’ are
in normal position on M and that (DN D’) and (CNC’) have no loops by (4,5)
and (4, 6).

(6,2) For the cases (4) and (5) in (4,9). The proof for the case (5) is similar
to one for the case (4). So we will prove only for the case (4). For this case,
we will assert that BNB’=¢. For, if BNB’#¢, DN D’ consists of finite union
~Z of disjoint proper arcs Ju, Joyo o+, Je.  _Z separates D’ into interior disjoint
k+1 disks Di, D},---, D}+: and bd _Z separates D’ into 2k arcs A{, A},---Afs.
 Put two families &’={D!, D}, -, D}+.} and S¥’'={A}, A},-- -, Aft}. Then there
must be one disk, say D{, such that D{ND’ is connected. So, there are arcs
in D}, say Jic_Z and A{e ¥, such that D{=JUAl, LnAl=Ji=A! and
(D{—J)ND=¢. On the other hand Ji: separates D into two disks D: and D:
such that DiNDe=Di1=D:=]i, D1UD:=D and D:nD!=D:nD!{=Ji, i=1,2. Put
44i=Di—f1, i=1,2. Note that 4A;UA:=D and AN As=A1=A,. A{UA;, =1, 2,
are simple loops on either M: or M, say on Mi. A{UA: bounds a proper 2-disk
{D{UD;) in ExtM, i=1,2. The E-unknotted loop A{UA; on E-nonfree surface
M of genus 1 must bound a 2-disk on M1, ¢=1,2. Then either A{U A1 or A{UA;
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bounds a 2-disk E* on Mi—C(cM). This contradicts to the normality of the
pair of loops D and D’. Hence BNB'=¢. Then D’ is in either (Mi—C) or
(M:—C). From that D’ is non-trivial on M, D’ is isotopic to D on M. Hence
Mi~M} and Me~sMY, i#j, i, j=1,2.

(6,3) For the cases (2) and (6) in (4,9). We may assume that M; and M{
are E-free and M: and M} are E-nonfree by (4,8) and (4,9). If DND’'=¢, the
theorem follows from the same as in (6,2). So, suppose that D and D’ are in
normal position on M and DN D’ contains only finite number #0 of proper arcs.
Since M, is E-free of genus 1, there is an unique proper 2-disk E} in Ext M,
up to isotopy of Ext M, such that EoCMr—é and qué«o an Mi. We may
assume also that EoN D=¢ and Eo and D’ are in normal position on M. Under
this condition we will prove next;

(6,4) EoND’'=¢.

For, if EsND’+¢$, we may assume that EoN D’ contains only a finite number
of proper arcs by (4,6). Let No=N(Eo; Ext M) be a small regular neighborhood
of Eo in Ext M such that NoN M=NoN (M1—é)%’(S 1 I) is a regular neighborhood
of Eo in M. (No—M) consists of two isotopic 2-disks Fi and F: in Ext M.
(F:, Fin D’)=(E,, EoxN D’). Then D’N(F1UF:) consists of finite union . =(K1U
K:U---UKz,) of disjoint 2r arcs. Let @=bd(Int MUN,), then Q=~M.. ¢
separates D’ into a family =2/ ={D{, Df§,---, D{,+} of interior disjoint 2r+1
disks. And bd.2Z" separates D’ into a family "'={A{, AY,---, Al}} of arcs.
Then there must be one disk and two arcs as in (6,2), say D{'e 2", Ki.c 7%
and Al’e S such that D{=KiUA! and KinA{=Ki=A{’. K is in either Fi
or F: say in Fi. Obviously, D{’ is a proper disk in Ext@, then E-unknotted
loop D{’=Ki1UA! must bound a 2-disk Us on Q. If U2 F,, it contradicts to
that the pair of loops D’ and Eo are normal on M. Then U1oF,. Hence there
is a disk, say D¥, in &2’ such that D{cN, and DY NFi=Kic 2%, i=1,2.
And there exists a disk D}’ € &2 proper in ExtQ such that DY NF:=D{NF:
SK:. DY must bound a disk Us on @ as D{. Since DIND{'=¢, UscUs. If
D4 =Us does not intersect with Fi, it contradicts to the normality of the pair
of loops D’ and Ey in M, again. Then there is an arc, say KsC. 2% ‘in FnDY,
and so on. This contradicts to the finiteness of elements of .72". Hence (6, 4)
is proved.

Since M} is E-nonfree of genus 1, EycM!. So, we may assume that Non M
=NoNMc(M{—C’). Hence {(M—N)UFiUF:}=Q~M:~M}. And it is easily
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checked that all Aje &’/ in M—C are isotopic relative D on Mi. From this
and by the same argument as above for C and C’ in Int M, one obtains that
M=~M/. This completes the proof of (6, 3).

(6,5) It remains the proof of the theorem for the case (3) in (4,9). This
is entirely similar to (6,3), except the order of the arguments for D, D’ in
Ext M and C,C’ in Int M. Then the proof is completed.

Corollary (6,6). Suppose either mi(Ext M)=G1%* Gz, or mi(Int M)=Gs* G for
a surface M, where G is an indecomposable group with respect to free product
and GiFZ, 1=1,2,3,4. Then the prime decomposition of M is unique up to
tsomor phism.
" Proof of (6,6) is the same as (6, 2).

7. Surfaces of genus =2

Waldhausen proved the uniqueness of the Heegaard-splitting of 3-sphere S?
[13]. In other words, his theorem [13, (1, 3)] asserts that;

Theorem. (Waldhausen). For any bi-free surface M of genus m>0, M~mT.?
And also the proofs of the theorem [13, (3, 1)] ensure that;

Theorem 3. If Mi¢mT~MgmT for two surfaces Mi, M. and some integer
m=1, then MisMo.
Analogous argument as (6, 2) will lead us the next;

Theorem 4. If a surface M has a non-trivial decomposition MM % M: %
<o B Mn, where each of wmi(IntM:;) (or each of ni(Ext M), i=1,2,---,m, is
indecomposable with respect to free product and not infinite cyclic, then the prime
decomposition of M is unique up to isomorphism.

Lemma (7,1). Suppose a surface M has a non-trivial decomposition MM, %
M%-- -3 Mi#-- % Mn, where M; is I-nonfree of genus 1 if 1=i=<k and E-nonfree
of genus 1 if k+1=i<m. Let Dj; j=1,2,---,k, be any set of disjoint proper
2-disks in ExtM such that {D;} are homologicaly independent on M. Then
biInt MU U N(Ds; Ext M)l~Miss § Miss- -4 M, where N(Dj; ExtM) is a
regular neighborhood of D; in ExtM, j=1,2,---, k.

This lemma (7,1) is elementally proved by the way used in this paper
before. Then from theorems 3,4 and (7,1) we will obtain easily that;

9) see (4, 10).




ON SURFACES IN 3-SPACE 103

Theorem 5. If a surface M has non-trivial decompositions MesMi§ Mz %---
$Mn and MM Mig-- -8 M), where m=g(M) is the genus of M, then these
two prime decmpositions of M coincide up to order and isomorphism.

The author guess the next statement which is a generalization of the
theorem (Waldhausen), but yet proved even for n=2.

Conjecture (7,2). If both z:(Int M)=%A1% Az*---xAm and n1(Ext M)=B; * Bz
-« Bm are non-trivial free products for a surface M, then if m=g(M), M will
be non prime. ‘

In (7,2) if g(M)>m, then there is a counter example (Example 3).

Example 2. The I-free surface M: (in Figure 3) of genus 2 is prime, by
the following. But the primeness of M: is not given by the way of example
1. =i1(Ext M:) is presented by the form;

(%1, X2, Xs; XexT 2z x1x5 %0  xex1x5  Xe T X212 x5 Y)

where the generators xi1, 2 and xs are represented as in Figure 2. From [10,
[Theorem 1], #:1(Ext M:) is indecomposable respect to free product. Hence M: is
prime and homomorphism #*:7i(Mz)—rn1(Ext M) has trivial kernel, where * is
induced by the inclusion i: M——>Ext M:.

Example 3. The bi-nonfree surface M;s (in Figure 4) of genus 3 is constructed
from M; of example 2. From the construction, it is easily checked that zi(Ext Mjs)

X,

Xy
; (

M,

X3

Figure 3. Figure 4.
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=~z (Int Ma)=2ri(Ext Mz)xZ and M, is prime. Further, it is interest that Ext Ms
=Int Ms, where Ext M is a one-point compactification of Ext M; (see 5). Note
that if the conjecture (7,2) is true for #=2 then there is no prime surface M

of genus 2 such that ExtvMélnt M.
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