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Relative Gottlieb groups of mapping
spaces and their rational cohomology

Abdelhadi Zaim

Abstract. Let f: X — Y be a map of simply connected CW-complexes of
finite type. Put max 74 (Y)®Q = max{i | m(Y)®Q # 0}. In this paper we
compute the relative Gottlieb groups of f when X is an Fp-space and Y is
a product of odd spheres. Also, under reasonable hypothesis, we determine
these groups when X is a product of odd spheres and Y is an Fp-space. As a
consequence, we show that the rationalized G-sequence associated to f splits
into a short exact sequence. Finally, we prove that the rational cohomology
of map(X,Y; f) is infinite dimensional whenever max 74 (Y) ® Q is even.

Amnoraris. Hexait f : X — Y — Binobpazkentst omao3B’ st3anx CW-KOMILIEK-
cib ckinennoro Tumy. Hokmagemo max 74 (Y)®Q = max{i | m;(Y)QQ # 0}.
B pobori obuncieno BigaocHi rpynu ['oTaiba Bimobparkenns f 1jid BUMAAKY,
ko X € Fp-tipocrom, a Y — mobyrkoMm cdep HemapHUX po3mipHOcTeii. 3a
JIOCUTBH TPUPOJHKUX TPUITYINEHb, I[i TPYIU TAKOXK OOYMCIEHO JJIs IMPOTHIIE-
KHOI cuTyartil, Koau X — 1me 100yTok cdep HemapHUX po3MipHOCTEl, a Y —
Fo-tipocrip. dk maciinox, nokasano, 1mo pamjionasizoBana G-10CiI0BHICTD,
noB’sizaHa 3 f, PO3LIEILIIOETHCA B KOPOTKY TOYHY MOCiI0BHICTD. Takox 10~
BEJICHO, 10 parjionabHi kKoromosorii map(X,Y; f) MaoTh HECKIHIEHHY PO3-
MipHicTB, 3a ymoBH, mo max 7 (Y) ® Q € napamm.
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1. INTRODUCTION

In this paper all spaces are simply connected CW-complex and are of
finite type over Q, i.e., have finite dimensional rational cohomology in each
degree.

For two topological spaces X and Y, let map(X,Y’) be the mapping space
of all free continuous maps of X into Y. This space is generally disconnected
with path-components corresponding to the set of free homotopy classes
of maps from X to Y. We write map(X,Y; f) for the path-component
containing a given map f: X — Y.

The n-th generalized Gottlieb group G, (Y, X; f) of amap f: X — Y is
the subgroup of m,(Y") consisting of homotopy classes of map a : S — Y
such that the wedge

(av f):S"vX->Y

extends to a map H : S" x X — Y. Alternately, G, (Y, X; f) is the
image of the map induced on homotopy groups by the evaluation map
w : map(X,Y;f) — Y, [15]. The n-th Gottlieb group of X, denoted
Gr(X), is a special case X =Y and f = idx, see [4,5]. In particular,

Gn(X) = im(wy : mp(map(X, X;idx)) — mp(X)).

Gottlieb groups have led to many interesting results in topology, especially,
in fibration, in fixed point theory and in the theory of identification of
spaces. The existence of cross-section can also be studied using the Gottlieb
groups. For instance, the triviality of the n-th Gottlieb group of a space
ensures that every fibration over an (n + 1)-dimensional sphere with the
space as a fiber has a cross-section, [5]. But, unfortunately there are not
many explicit computations of these groups in literature. One reason is
the fact that a map of spaces does not necessarily induce a corresponding
homomorphism of Gottlieb groups. In [16], Lee and Woo attempted to
circumvent this problem by introducing the n-th relative Gottlieb group
G™\(Y, X; f), and showed that they fit in a sequence

c— GRL(Y, X f) > Go(X) —
— Gu(Y, X5 f) = GV, X f) > -+ (L1)

called the G-sequence of f, which is not necessarily exact. The computation
of the rational relative Gottlieb groups was limited to sporadic cases, see [2,
7,9,11]. Our goal in this paper is to compute these groups in some new
cases. Our main results are the following:
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Theorem 1.1. Let f : X — Y ~ [[S?%*! be a map with X being an
J
Fy-space. Then

GHY,X;f)@Q = m(Y)®Q @ moaa(X) ®Q.

Theorem 1.2. Let f : X ~ [[S?™ ! — Y be a map with Y being an
J
Fy-space. Suppose that

(1) moda(Y) ® Q = 7 (X) ® Q;
(i) max Teven(Y) ® Q < min 7, (X) ® Q.
Then, we have that GEN(Y, X; f) @ Q = Teven(Y) ® Q.

Our last result focused on rational cohomology of map(X,Y’; f).

Theorem 1.3. Let f : X — Y be a map with finite X. If max 7, (Y)®Q is
even, then the rational cohomology of map(X,Y’; f) are infinite dimensional.

The paper is organized as follows. In section 2 and 3, we introduce our
notation and recall some background of rational homotopy theory, namely
Sullivan minimal models, derivations and mapping cone. In section 4, we
use this background to prove Theorem 1.1. Section 5 is devoted to estab-
lish Theorem 1.2. In section 6 we prove that the rational cohomology of
mapping spaces is infinite dimensional, in particular we prove Theorem 1.3.
The paper ends with section 7 in which we propose an open problem.

2. SULLIVAN MINIMAL MODELS

We will work with QQ as ground field and our principal tools are Sullivan
minimal models. A detailed description of these and the standard tools of
rational homotopy theory can be found in [1]. For our purposes, we recall
the following.

Definition 2.1. A commutative differential graded algebra (cdga) is a
graded algebra A = @ A with a differential d : A* — A" such that
=
=0,  wy=(-DYyz,  dlwy)=d@)y+ (-1)zd(y),
for allz e A" and y e AJ.

In [14], D. Sullivan defined a contravariant functor Apy, which associates
to each space X a cgda Apr(X) which represents the rational homotopy
type of X. He also constructed, for each simply connected cgda (A, d) (i.e.,
satisfying H°(A,d) = H'(A,d) = 0), another cgda (AV,d) and a map

(AV,d) = (A, d)
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which induces an isomorphism in cohomology, where AV denotes the free
commutative graded algebra on the graded vector space V = @, V", which
has a well ordered, homogeneous basis {z,} such that, if V_, denotes span
{zp | B < a}, we have dz, € AZ?(V<y). The cgda (AV, d) is called a Sullivan
minimal model of (A, d) or a Sullivan minimal model of X if A = App (X).
In particular, if (AV,d) is a Sullivan minimal model of X, then there are
isomorphism’s:

H*(AV,d) ~ H*(X;Q) as commutative graded algebras,
V > 7, (X) ®Q as graded vector spaces.

A map of spaces f : X — Y has a Sullivan minimal model which is a
map of cdga ¢ : (AW, dw) — (AV,dy), where (AW, dy ) and (AV,dy) are
the Sullivan minimal models of Y and X respectively.

Next, we focus on elliptic spaces. A simply connected CW-complex X is
elliptic if and only if 7,(X) ® Q and H*(X;Q) are both finite dimensional.
Algebraically, this means that V and H*(AV, d) are both finite dimensional,
where (AV, d) is a Sullivan minimal model of X. There is a remarkable sub-
class of elliptic spaces called Fy-space.

Definition 2.2. An elliptic space X is said to be an Fy-space if
H* (X, Q) — Heven(X; Q)

Therefore, we remark that in terms of Sullivan minimal model, an Fj-
space X has a model of the form (A(:L’l, e Ty Yl - - ,ym),d) where |z;]|
is even, |y;| is odd, d(z;) = 0 for 1 < i < m and d(y;) € A(z1,...,2m) for
I<j<m.

Example 2.3. There are many examples of such spaces:

e Finite products of even dimensional spheres,

e Finite products of complex projective spaces,

e Homogeneous spaces G/H, where H is a closed sub-group of maximal
rank of a compact connected Lie group G.

3. DERIVATION OF A SULLIVAN MODEL AND THE RATIONALIZED
(G-SEQUENCE

Our purpose in this section is to give a description in rational homotopy
theory of all the terms involved in the G-sequence (1.1).

Definition 3.1. Let ¢ : (AW,dw) — (AV,dy) be a morphisms of cdga.
Define a p-derivation 0 of degree n to be a linear map 0 : AW — AV that
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reduces degree by n such that

0(zy) = 0(z)p(y) + (—1)"p(2)0(y).

Let Der, (AW, AV; ) denote the vector space of p-derivations of degree n
forn > 0. Define a linear map

0 : Dern, (AW, AV; ) — Derp,—1 (AW, AV; )
by
2(0) =dy o0 — (=1)?10 o dyy.
Here, we note that (Der, (AW, AV; ), 0) is a chain complex, where
Der, (AW, AV ¢) = @ Der (AW, AV; ).

In the case AW =~ AV and ¢ = iday, the chain complex of derivations
Der, (AV,AV;idpy) is just the usual complex of derivations on the cdga
AV which we denoted by Der,(AV). There is an isomorphism of graded
vector spaces

Der, (AW, AV; ¢) = Hom, (W, AV).

Hence, we can denote by (y, ) the unique ¢-derivation sending an element
y € W to x € AV and the other generators to zero.

The detailed discussion of the following are in |7]. The post-composition
with the augmentation € : AV — Q gives a chain complex map

gy Dery (AW, AV; ) — Der (AW, Q; ¢).

Definition 3.2. For n = 2, the n-th generalized Gottlieb group of ¢ is
defined as follows:

Gn(AW,AV; ) = im{Hy(ex) : Hn(Der(AW,AV;¢)) — Hom, (W,Q)}.

Note that w* € Hom,(W,Q), (w* is the dual of the basis element w of
W™) is in Gp(AW,AV; ) if and only if w* extends to a derivation 6 of
Der,, (AW, AV; ¢) such that d(f) = 0. In particular, we have

Definition 3.3. The n-th Gottlieb group of (AV,dy) is defined as follows:
Gn(AV) = im{Hy(e4) : Ho(Der(AV)) — Hom,,(V,Q)} for n = 2.
Theorem 3.4 (cf. [7]). If X is a finite CW-complex, then

Gn(Y, X5 f)®@Q = Gn(Yo, Xqi fo) = Gu(AW,AV;¢) forn > 2.
We recall the definition of the mapping cone of a chain map ¢ : A — B.
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Definition 3.5. Let ¢ : (A,da) — (B,dp) be a map of differential graded
vector spaces. The mapping cone of ¢ denoted by Rel.(p) is defined as
follows: Rel,,(p) = Ap—1 @ By, with the differential

D(a,b) = (~da(a), ¢(a) + dp(b)).

Further, define the inclusion and projection maps J : B,, — Rel,(¢) by
J(b) = (0,b) and P : Rel,(¢) — An—1 by P(a,b) = a. These yields a short
exact sequence of chain complexes

0 — B, L Rel(p) 2> 4,1 — 0.
This definition can be applied to the Sullivan minimal model
o : (AW, dw) — (AV,dy)
of the map f: X - Y.

Note that the pre-composition with ¢ gives a map of chain complexes:

©* : Dery(AV) — Dery (AW, AV; ).

Following G. Lupton and S. B. Smith [7], we consider the commutative
diagram

*

Der, (AV) —>— Der, (AW, AV; @) —_= Rel, (¢*)
i8* l(E*,E*)

ig*
—

Dery (AV, Q; ) — > Dery (AW, Q; €) ——> Rel, (¢%)

Here, ¢ denotes the augmentation of either AV or AW. On passing to
homology and using the naturality of the mapping cone construction, we
obtain the following homology ladder for n > 2:
H(o*)
= Hyp1 (Rel(9")) Hy(Der(AV)) —

l11(5*75*) ll?(e*)

- Hpa (Rel(7) L H (Der(AV, Qs 2))

H, (Der(AW, AV; 9)) = -

l17(€*)

M) Hy(Der(AW, Q:2)) — - -

The following definition is very useful to determine the rational relative
Gottlieb groups of a map.

Definition 3.6. Suppose ¢ : (AW, dw) — (AV,dy) is a map of cdga. We
define the n-th rational relative Gottlieb group of v, for n = 2 by:

G AW, AV ;@) = im{H (4, ¢4) : Hp(Rel(¢™)) — Hn(Rel(&))}.
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Then, the rationalized G-sequence of the map ¢ : (AW, dw) — (AV,dy)
is given by

D, el (AW, AV ) 2

S G (AV) 2 o aw A o) 3

which ends in Go(AW, AV @).

We finish this section by an overriding hypothesis. In general, we assume
that all spaces appearing in the sequel are rational simply connected CW-
complex and are of finite type.

4. RELATIVE GOTTLIEB GROUPS OF MAPPING SPACES BETWEEN
Fy-SPACE AND PRODUCTS OF ODD SPHERES

In this section, let f: X — Y be a map where X is an Fy-space and Y
is products of odd dimensional spheres. We give a partial generalization of
a result of G. Lupton and S. B. Smith (cf. [7, Theorem 4.3]). We begin our
motivation by the following:

Example 4.1. Consider the map
Fo82 xSt SRty g2t
which rationally is given by
@ (AW,0) = (A(y2it1, Y2541),0) = (AV,d) = (A(w2,y3, %4, y7),d)
where subscripts denote degrees. The differential is given by
d(x) = d(x4) = 0, d(ys) = 23, d(yr) = .

Hence, from degree reasons and doy = 0, we write ¢(y2i+1) = ¢(y2j+1) = 0.
An easy argument shows that

GIU AW, AV; ) = G (AW, AV ) @ G (AV).

It follows that the G-sequence of f is exact. Though, if i = 1 and j = 3
we note that the homomorphism induces on rational homotopy groups f;
is non null.

Next, we will use the following result for our computations.
Lemma 4.2. Let f: X - Y ~[]; St and ¢ : (AW,0) — (AV,d) its
Sullivan minimal model. Then o is null homotopic.
Proof. Denote the Sullivan minimal model of I1;S?% ! by

(AW, 0) = (A(21,.. ., 2m), 0),
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where |z;| are odd for 1 < ¢ < m. Further, the Sullivan minimal model of
X is of the form

(AV,d) = (A(z1,...,zp,y1,.. ., Yp), d),

where |zj| are even and |yi| are odd for 1 < k < p. The differential is
defined as follows, d(zx) = 0 and d(y;) € A(z1,...,x,). Hence, for degree
reasons, we may assume that the Sullivan minimal model of f

0 (A(z1,.. 0, 2m),0) = (Ax1, .. 2p, Y1, - -5 Yp)s d),
is given by ¢(z;) = aaf + by for coefficients a,b € Q, o € A(zyq,...,zp),
and 5,7 € A(y1,...,yp). Here, we note that |ac3 + by| is odd. Next,
we will use the fact d o p(2;) = 0. It implies that aaf + by is a d-cycle.
However, since X is an Fy-space, it easy to see that [aaB + by] # 0 in
H*(AV,d) = H®*"(AV,d). Consequently, we have necessarily a = b = 0,
and the result follows. O

Theorem 4.3. Let f : X — Y ~ IL;S* ! and ¢ : (AW,0) — (AV,d) its
Sullivan minimal model. Then
G AW, AV ) = W @ Vold,
Proof. First, we recall that
©: (AW, 0) = (A(21,...,2m),0) = (AV,d) = (A(z1,..., Zp, Y1, - -+, Yp), d)
is defined by ¢(z;) = 0 for all 1 < i < m. It induces the map
©* : Dery(AV) — Dery (AW, AV; o) (4.1)

is also null. Now, let us calculate G™!(AW, AV; ) as follows. Since X is
finite CW-complex, it is well known that

Gx(AV) = (i, ... ,y;;>.
Furthermore, since Y is an H-space, it follows that
Gx(AW,AV;0) = C2fy ., 2m).
Hence, a simple computation shows that
D(yx,1),0) =0 for 1 <k <p,
D(0, (z,1)) =0 for 1 <
Moreover, it is evident to verify that ((yg, 1),0) and (0, (z;, 1)) represent non

zero homology classes in H,(Rel(¢*)). Otherwise we consider the vector
space,

< m.

Rel, (p*) = Der,_1 (AV, Q; &) @ Dery (AW, Q; ¢).
Thus, we define

g% : Dery (AV) — Der,(AV,Q;¢), e+ (Yk> 1) = (yx, 1),
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4 : Dery(AW) — Der, (AW, Q; ), ex(2iy 1) = (2, 1).
Now, consider the map
g/pz : Dery (AV,Q;e) — Der, (AW, Q;¢)

which is null from (4.1). So, in a similar fashion as above, we get for
1<k<pand1l<i<m that

D((yr,1),0) = D(0, (z,1)) = 0.

Therefore, it is easy to see that ((yg,1),0) and (0, m) are not boundaries

—~

in Reli(¢*). Combining all the above, we obtain that

—_

H(ex, 4) ([((yk, 1), 0)]) = [((yx, 1), 0)] for 1 < k <p,

H(ex,2:)([(0, (21, 1))]) = [(0, (2i,1))] for 1 < i < m.
In summary, we have computed that

G AW, AV; ) =
= (e D.0VL <k <p) @ (0, IVI<i<m). O
Corollary 4.4. The G-sequence associated to ¢ splits into short exact
sequence
0 — G (AW, AV; @) — G=H{AW, AV ;) — G (AV) — 0.

Proof. Wee see directly that G4(AV) = VoI and G (AW, AV;¢) = W.
Therefore, to finish this proof we use Theorem 4.3 and the rationalized
G-sequence (3.1). O

5. RELATIVE GOTTLIEB GROUPS OF MAPPING SPACES BETWEEN
PRODUCTS OF ODD SPHERES AND F{-SPACE

Given a simply connected space X which is finite dimensional rational
homotopy groups, i.e., dim (X ) < o0, write
max 7, (X) := max{i | m;(X) # 0} = max{i | V’ # 0}
and also denote by,
min my (X) := min{i | T (X) # 0} = min{z‘ | Vi O}.

Here (AV,d) denotes the Sullivan minimal model of X.

Now, let f : X — Y be a map such that X ~ HjSQ”J'Jrl and Y is an
Fy-space. In this section, we use Sullivan minimal models to compute the
rational relative Gottlieb groups of f. As a consequence, we show that the
G-sequence of the map f splits into a short exact sequence.
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Theorem 5.1. Given a map f : IL;S* 1 Y and ¢ : (AW,d) — (AV,0)
its Sullivan minimal model. If W ~ V and max W < min W4,
then:

(1) Gx(AW, AV ) = W
(2) GEN AW, AV; ) = Weven,
Proof. We give the proof by dividing it into two cases.
(1) First, we denote the Sullivan minimal model of IT;S?% ! by

(A(ylv cee ,ym)a 0):

where |y;| are odd for 1 < j < m. Otherwise, since Y is an Fy-space and
Wodd ~ V' then its Sullivan minimal model is given by

(AW, d) = (A(z1, .- s Ty Y1y - -+ Ym), d)
where |z;| is even. The differential is defined as follows:
d(xz;) =0for 1 <i<m,
d(yj) € A(z1,...,zpy) for 1 <j <m.

Under the condition max W < min W°d, the Sullivan minimal model
of f,

(10 : (A(xlv' . 'axm7y17 e 7ym)?d) - (A(y17 R 7ym)70)
is given on generators by
p(z;) =0, e(y;) =yj +
where a € A(y1,...,Ym); @ may be null. Now, an easy computation reveals
that each of the derivations (y;,1) is a cycle and cannot be boundary for
1 < j < m. We deduce that [(y;,1)] is non null in Hy(Der(AW,AV;¢)).
Next, consider the derivations (z;,1) for 1 <i < m. It is clear that
O((zi, 1)(y)) = —(zi, 1)(d(y)) for y € A(y1,. .-, Ym)-

So, by the minimality of (AW, d) and ¢(x;) = 0, we get (x;,1)(d(y)) =0
and further, d(z;,1) = 0. Moreover, (z;, 1) cannot be boundaries for degree
reasons. Furthermore, due to the fact that

<
J<
we deduce that
G«(AW,AV; ¢) = Hom(W, Q).
(2) Let us calculate G (AW, AV; o). First, we recall that
©* : Dery (AV) — Der, (AW, AV; ¢)
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is defined by ¢*(y;,1) = (y;,1) + 0;, where 0; € Der}, | (AW, AV;¢). Now,
it is easy to check that

D(0, (z;,1)) =0 for 1 <i<m.
On the other hand, since (x;, 1) is not in im(¢*), we deduce that (0, (x;, 1))
cannot be boundaries in Rel,(¢*). Hence, we obtain

[(0, (x;,1))] is non null in H,(Rel(¢*)) for 1 <i < m.
Now, for 1 < 7 < m let (;Z\,l) = e4(x;,1) and @\,1) = €4(y;,1) for
1 < j < m. Define the map

42; : Dery (AV,Q; ) — Dery (AW, Q; ¢)

by setting &@\,1) = (g/j/’,\l) Further, a direct computation shows

~ ——

D((43,1),0) = (0, (y;,1)) and D(0, (a;, 1)) = 0.

However, a similar argument as above shows that
[0, (;,1))] is non null in Hy(Rel(p*)) for 1 < i < m.
Thus summarizing the analysis above, the image of
H(es,e4) : Hao(Rel(p*)) — Hy(Rel(p*))

is spanned by [(0, (acl/,\l))] for 1 <4 < m. As a consequence, we get

G AW, AV ) = ([(0, (24, 1))] for 1 < i < m).
This completes the proof. O

We finish this section with the following consequence.

Corollary 5.2. The G-sequence associated to ¢ splits into short exact
sequence

0 — Gu(AV) = G (AW, AV;0) — GEH(AW, AV ; @) — 0.

Proof. It follows immediately from Theorem 5.1 and the rationalized G-
sequence (3.1). O

6. RATIONAL COHOMOLOGY OF MAPPING SPACES

Let f : X — Y be a map between simply connected CW-complexes.
Recall that
map(X,Y; f)
is the path components of the space of maps X — Y consisting of those
maps that are homotopic to f. The first description of a Sullivan model, in
particular of mapping spaces is due to A. Haefliger [6]. In [7], G. Lupton
and S. B. Smith gave an elegant formula for the rational homotopy type
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of map(X,Y; f) in terms of Sullivan minimal models of X and Y. In
particular, they proved that when X is finite

mi(map(X,Y; f)) = Hy(Der(AW,AV;p)) for i = 2. (6.1)

Here ¢ : (AW.dw) — (AV,dy) denotes the Sullivan minimal model of
f X — Y. Recently, by using the theory of Sullivan minimal models,
P. A. Otieno, J. B. Gatsinzi and V. O. Otieno calculated the rational co-
homology of the component of the inclusion

iny : G(k,n) — G(k,n+r),

where G(k,n) is the complex Grassmannians, [10]. However, there is no ex-
plicit and complete description of the rational cohomology of map(X,Y’; f).
We begin by the following:

Example 6.1. For m >n > 1, let
[ X~KQ2n+1)->Y ~ K(Q,2m)
which is rationally defined by
@ (AW,0) = (A(2),0) — (AV,0) = (A(y),0),

where |z| = 2m and |y| = 2n + 1. Hence, Der, (AW, AV; ) is spanned by
the derivations (z, 1) and (x,y) of degree 2m and 2m — 2n — 1 respectively.
An easy computation shows that

D(z,1) = D(z,y) = 0.
From (6.1), it follows that
mi(map(X,Y; f)) =~ Q for i = 2m,2m — 2n — 1 and zero otherwise.
Then for degree reasons, we deduce that
map(X,Y; f) = K(Q,2m —2n — 1) x K(Q, 2m).

Up to this point, our observation is well-known and also easily obtained
by a number of standard methods. We can hence generalize this example
as follows:

Theorem 6.2. Let f: X — Y be a map with X is finite and max m,(Y")
is even. Then map(X,Y; f) has infinite dimensional rational cohomology.

Proof. Without loss of generality, let
¢ (AW, dw) — (AV,dy)

be the Sullivan minimal model of f. Our assumption maxm,(Y) is even
means that the top degree of W is even. Further, define a derivation (x,1)
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in Der, (AW, AV; ) with |z| = max W. So, it is evident to see that
D(z,1) =0.

Now, since Der, (AW, AV; ¢) is zero in degree |z|+1 and higher, the deriva-
tion (x,1) cannot be boundary. Consequently, we obtain

[(x,1)] is non null in H, (Der(AW,AV; ¢)) = Mg (map(X, Y f)).

Further, denote by 7 the class [(x,1)]. So, map(X,Y; f) has a Sullivan
model of the form

M(X,Y; f) = (MU ®Q(r)).d)
such that U is finite dimensional. Finally, we consider the pure model
(AMU®Q(7)),d,) associated to (A(U@Q(7)),d) (cf. [1, 32(b)]), we obtain
forn>=1,
[7"] # 0 in H*(A(U ® Q(7)),dy).
As a consequence, by [1, Proposition 32.4|, we get
dim H*(A(U @ Q(1)),d) = . O

We next recall an interesting invariant of a simply connected space X.
The LS category of X, cat(X), is the least integer n such that X can be
covered by (n+1) open subsets contractible in X and is oo if no such n exists.
The rational category of X, cato(X), is defined by cato(X) = cat(Xg). For
example cato(S") = 1 and cato(CP") = n for n > 2.

A much stronger consequence of Theorem 6.2 and |1, Proposition 32.4]
is the following;:

Corollary 6.3. Let f: X — Y be a map with X is finite and max my(Y")
is even. Then cato(map(X,Y; f)) = .

7. OPEN PROBLEM

In rational homotopy theorey, the fundamental paper of G. Lupton and
S. B. Smith [7] has played a central role in the development of results
concerning rational Gottlieb groups, rational generalized Gottlieb groups
and rational relative Gottlieb groups. The authors were the first ones who
were interested in computation of these groups for certain cases.

Now, we turn to the case of homotopy theory. As we mentioned earlier,
the Gottlieb groups play a well-known role in the homotopy theory of fibra-
tions with fiber a CW-complex of finite type. Some general results about
G« (X) are known but explicit computation is limited to sporadic examples.
In fact, in [3] M. Golasinski and J. Mukai have determined G, (S™) for
k < 13 except for the two-primary components in the cases: k =9, n = 53
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and £k = 11, n = 115. Their result significantly extends result of Got-
tlieb from [5]. However, we have very little information in literature about
the whole relative Gottlieb groups. In fact, M. H. Woo have showed that
Grel(Sn,S"14) = Z if n is odd and GEN(S",S" i) = Z @ Z if n = 2,4,8.
Further, he proved that G}'CCI(S”,S”_l;i) =0 for 1 < k < n, [8]. Though
several authors [8,12,13] have studied the exactness of the G-sequence.

It would be most interesting to find the relative Gottlieb groups for the
Hopf fibration: n : S3 — S%, v : ST — §% o : S — S8 and their
suspensions 71, : S"*! — §*, v, : "™ - S" and g, : S"*7 — S™. As
specific instances of this kind of problem, we offer the following which has
been suggested by the referee.

Problem 7.1. Let f: X — Y be a map of CW-complexes of finite type.
Determine the whole relative Gottlieb groups GX(Y, X; f).
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