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Let M be a P2-irreducible 3-manifold. In [2], it is shown that if F is a 2-
sided, closed, incompressible surface in M such that i,7)(F) is normal in (M),
then M is either a fibre bundle over S! with fibre F, or a line bundle over a closed
surface G (and F is then parallel to gM), or a union of two such line bundles. In
particular, if oM # @ and i*ﬂl(F) is normal in 7,(M), then i, 7;(F) is of index 2 or
1 in 7y(M). In this paper, we show that the same result holds if we replace “normal”
by “subnormal.” Hence i,m;(F) is subnormal in 71(M) if and only if it is normal in
71(M). An analogous result holds for noncontractible, simple closed curves in 2-
manifolds. By way of an application, we classify the sufficiently large 3-manifolds
that have fundamental groups each of whose subgroups is subnormal.

We work throughout in the piecewise linear category. “A surface F C M” al-
ways means a 2-sided embedded surface in M. We say that F is incompressible in
M if genus(F)>1 and ker (i, 7;(F) — 7;(M)) = 0, where i: F —» M denotes inclu-
sion. A 3-manifold is called P2-irveducible if M is irreducible and contains no
(2-sided) projective planes.

A subgroup S of a group G is called subnormal (in G) if there exists a finite
sequence of subgroups S;, -+, S, of G such that S IS; <J--- S, JG.
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1. SUBNORMAL SUBGROUPS OF (M)

If F isa surfacein M, let i 7;(F) — 7;(M) denote the homomorphism induced
by inclusion.

THEOREM 1. Let M be a compact, P2-iyveducible 3-manifold, and suppose F
is a 2-sided, closed, incompressible surface in M such that i,71(F) is subnormal
in m;(M). Then one of the following holds:

(a) M is a fibve bundle over S! with fiber F.
(b) M = F X1I.

(c) M is a twisted line bundle over a closed suvface G, and F is pavallel to
oM.

(@) F separates M into two twisted line bundles of type (c).

LEMMA 1. If S is subnormal in G and U C G is a subgvoup containing S, then
S i¢s subnormal in U.

Proof. We have subgroups S;, -+, S, of G such that S <S; <--- S, <G.
Forming intersections with U, we obtain the sequence S <{S; N U <--- S5, NU AU,
and this proves the lemma.
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