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Let f and g be maps between topological spaces X and Y . The maps f and g are 
called pseudo-homotopic provided that there exist a continuum C, points a, b ∈ C
and a map H : X × C → Y such that H(x, a) = g(x) and H(x, b) = f(x); the 
map H is called a pseudo-homotopy between f and g. A topological space X is said 
to be g-pseudo-contractible provided that there exists a pseudo-homotopy between 
an onto map from X to X and a constant map. The main purpose of this paper 
is to present the concept of g-pseudo-contractibility that generalizes the notions of 
g-contractibility and pseudo-contractibility showing general facts about it.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

A continuum is a nonempty compact connected metric space. A continuum is contractible provided that 
the identity map is homotopic to a constant map. Contractibility is one of the most important topolog-
ical properties in general topology and it has been considered by several authors. Recently, two natural 
generalizations of this concept have been studied, namely, g-contractibility and pseudo-contractibility.

A continuum X is g-contractible provided that there exists an onto map f from X to X such that f is 
homotopic to a constant map. Notice that each contractible continuum is g-contractible but the converse 
of this statement fails. D. Bellamy in [1] defined g-contractibility mainly to study which continua are both 
continuous image and continuous preimage of the Cantor fan. The interested reader is referred to [1], [3], 
[8], [14].
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On the other hand, R. H. Bing introduced the concept of pseudo-contractibility. A continuum is pseudo-
contractible provided that its identity map is pseudo-homotopic to a constant map. Notice that all con-
tractible continuum is pseudo-contractible. W. Kuperberg gave the first example to show that notions of 
contractibility and pseudo-contractibility are different. Interesting properties of this concept are presented 
in [2], [4], [5], [6], [9], [11] and [15].

Now, in connection with both concepts, in this paper, we introduce the notion of g-pseudo-contractibility. 
A continuum X is g-pseudo-contractible if there exists an onto map from X to X pseudo-homotopic to 
a constant map. Every g-contractible continuum is g-pseudo-contractible and every pseudo-contractible 
continuum is g-pseudo-contractible. So, every contractible continuum is g-pseudo-contractible. The aim of 
this paper is to present general results related to g-pseudo-contractibility.

Finally, in [4] the concept of pseudo-contractibility with respect to is introduced. The authors gave general 
facts related to this concept and it is used to get some results concerning pseudo-contractibility and other 
properties. Here, we bring to light the concept g-pseudo-contractibility with respect to and we give general 
facts about it.

The current paper is divided in five sections. After Introduction and Preliminaries, in Section 3, we 
present aspects derived from the g-pseudo-contractibility. Some of our results are that being g-pseudo-
contractible continuum does not imply neither being pseudo-contractible continuum nor being g-contractible 
continuum, the g-pseudo-contractibility is a productive property but we show a non-g-pseudo-contractible 
continuum W such that W × I is g-pseudo-contractible. Section 4 is dedicated to extend the notion of 
pseudo-contractibility with respect to and general results are proved. Finally, in Section 5, we give examples 
to see that the g-pseudo-contractibility is not invariant under the following classes of maps: open, monotone, 
light and retractions.

2. Preliminaries

We denote by N the set of all positive integers. A map means a continuous function between topological 
spaces. The interval [0, 1] is denoted by I. Let f and g be maps between topological spaces X and Y . The 
maps f and g are called pseudo-homotopic provided that there exist a continuum C, points a, b ∈ C and 
a map H : X × C → Y such that H(x, a) = g(x) and H(x, b) = f(x); in this case the map H is called a 
pseudo-homotopy between f and g. If there exits a map H : X × I → Y satisfying that H(x, 0) = f(x) and 
H(x, 1) = g(x), then we say that f and g are homotopic, and the map H is called a homotopy between f
and g. Each map pseudo-homotopic (homotopic) to a constant map is called null-pseudo-homotopic (null-
homotopic).

3. Main results

A continuum X is said to be:

• Contractible if the identity map on X is null-homotopic.
• Pseudo-contractible if the identity map on X is null-pseudo-homotopic.
• g-contractible provided that there exists a null-homotopic map from X onto X.
• g-pseudo-contractible provided that there exists a null-pseudo-homotopic map from X onto X.

Into the following result is presented all possible relationships among these concepts.

Theorem 3.1. Let X be a continuum.

1. If X is contractible, then X is g-contractible.
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Fig. 1. Continuum Y of Example 3.3.

Fig. 2. Continuum X of Example 3.4.

2. If X is contractible, then X is pseudo-contractible.
3. If X is g-contractible, then X is g-pseudo-contractible.
4. If X is pseudo-contractible, then X is g-pseudo-contractible.

The following examples show that the concepts are not equivalent.

Example 3.2. By [3, Remark 2.15, p. 464], each locally connected continuum is g-contractible. On the 
other hand, [10, Lemma 19.4, p. 156] and [10, Lemma 19.7, p. 158] together imply that each contractible 
continuum is unicoherent (unicoherent means that the intersection of each two of its subcontinua whose 
union is the continuum is connected). Thus, we can conclude that the unit circle S1 is g-contractible but it 
is not contractible. This proves that the converse of (1) in Theorem 3.1 fails.

The continuum described below is the classical example to show that the converse of (2) of Theorem 3.1
does not hold. We repeat it here to see that the converse of (3) of Theorem 3.1 is not true too.

Example 3.3. In the complex plane C, let R = { t+2
t+1e

it : t ∈ [0, ∞)} be a spiral approaching to the unit circle 
and let D = {reit : r ∈ [0, 1], t ∈ [0, 2π]} be the unit disc. Set Y = R∪D (see Fig. 1). W. Kuperberg showed 
that the continuum Y is pseudo-contractible but it is not contractible. On the other hand, it is well known 
that every g-contractible space is arcwise connected (see [3, Remark 2.10, p. 463]). Since Y is not arcwise-
connected, it can not be g-contractible. From (4) of Theorem 3.1, it follows that Y is g-pseudo-contractible. 
This implies that the converse of (3) of Theorem 3.1 fails.

We now prove that the converse of (4) in Theorem 3.1 fails.

Example 3.4. In the complex plane C, let Y = R∪D be the continuum described in Example 3.3, we define 
S+ = {3 + eit : t ∈ [0, π]} and S− = {3 + eit : t ∈ [π, 2π]}. Let S = S+ ∪ S− be the unit circle centered 
in 3 + 0i. Set X = Y ∪ S (see Fig. 2). Notice that X is not unicoherent. From [4, Corollary 56, p. 68], the 
continuum X is not pseudo-contractible. In order to prove that X is g-pseudo-contractible, let f : X → X

be defined by:
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f(x) =






x, if x ∈ Y,

3 + ei(2t−3π), if x = 3 + eit ∈ S+,

3 + ei(−2t+π), if x = 3 + eit ∈ S−.

Let us show that f is onto. Let x ∈ X. By definition of f It enough to assume that x ∈ S. Then, there 
exists r ∈ [−π, π] such that x = 3 + eir. Observe that t = π+r

2 ∈ [0, π] and f(3 + eit) = x.
Now, we shall prove that f is null-pseudo-homotopic. Let E = {eit : t ∈ [0, 2π]} ∪ {rei0 : 0 ≤ r ≤ 1} be 

the union of the unit circle and one of its radius, and let J = {rei0 : 2 ≤ r ≤ 3} be the convex segment 
between 2 + 0i and 3 + 0i in C. Set F = R ∪ E and C = F ∪ J . Notice that the space C is a continuum.

The function H : X × C → X defined by:

H(x, c) =






t+s+2
t+s+1e

i(t+s), if (x, c) = ( t+2
t+1e

it, s+2
s+1e

is) ∈ R×R,

max{||x||, ||c||, 1}−1 · xc, if (x, c) ∈ (D × F ) ∪ (Y ×E),

c, if (x, c) ∈ S × F,

x, if (x, c) ∈ Y × J,

3 + ei[(r−2)(2t−3π)], if (x, c) = (3 + eit, rei0) ∈ S+ × J,

3 + ei[(r−2)(−2t+π)], if (x, c) = (3 + eit, rei0) ∈ S− × J,

is a pseudo-homotopy between f and a constant mapping.

The following remarks follow immediately from the definition of g-contractibility and g-pseudo-
contractibility. We will use them along of this paper without mentioning them explicitly.

Remark 3.5. A continuum X is g-contractible if and only if there exists a map H : X × I → X such that 
H(X × {0}) = X and H(X × {1}) = {p} for some p ∈ X.

Remark 3.6. A continuum X is g-pseudo-contractible if and only if there exist a continuum C, points a, b ∈ C

and a map H : X × C → X such that H(X × {a}) = X and H(X × {b}) = {p} for some p ∈ X.

Theorem 3.7. Let X be a continuum. Then X is g-pseudo-contractible if and only if there exist a continuum 
C, points a, b ∈ C and a map f : X × C/(X × {b}) → X such that f(π(X × {a})) = X, where π denotes 
the quotient map from X × C to X × C/(X × {b}).

Proof. Suppose that X is g-pseudo-contractible. Then, there exist a continuum C, points a, b ∈ C and 
a map H : X × C → X such that H(X × {a}) = X and H(X × {b}) is a singleton point of X. The 
Transgression Theorem [7, Theorem 3.2, p. 123] ensures that the composition H ◦ π−1 is a map. We define 
f : X×C/(X×{b}) → X by f = H ◦π−1. Thus, f(π(X×{a})) = H ◦π−1(π(X×{a})) = H(X×{a}) = X.

Now, we assume that there exist a continuum C, points a, b ∈ C and a map f : X × C/(X × {b}) → X

such that f(π(X × {a})) = X. Let H : X × C → X be the map defined by H(x, c) = (f ◦ π)(x, c). Thus, 
H(X × {a}) = f(π(X × {a})) = X and H(X × {b}) = f(π(X × {b})) is a singleton point in X. Therefore, 
X is g-pseudo-contractible. !

Recall that the quotient space X×I/(X×{1}) is denoted by Cone(X) and the subset X×{0} of Cone(X), 
denoted by B(X), is called the base of the cone. Similar arguments used in the proof of Theorem 3.7 can 
be used to show the following result. Compare with [3, Remark 2.10, p. 463].
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Theorem 3.8. Let X be a continuum. Then, X is g-contractible if and only if there exists an onto map 
f : Cone(X) → X such that f(B(X)) = X.

Notation 3.9. Given a continuum C and points a, b ∈ C, we will say that X is g-pseudo-contractible with 
factor space C(a, b) if there exists a map H : X×C → Y such that H(X×{a}) = X and H(X×{b}) = {p}
for some p ∈ X. If there is not confusion, we say that X is g-pseudo-contractible with factor space C.

Lemma 3.10. Let X, C and D be continua. If X is g-pseudo-contractible with factor space C(a, b) and there 
exists a map f : D → C such that a, b ∈ f(D), then X is g-pseudo-contractible with factor space D.

Proof. By our assumption, there exists a map H : X×C → X such that H(X×{a}) = X and H(X×{b}) =
{p} for some p ∈ X. Now, there exist c, d ∈ D such that f(c) = a and f(d) = b. Let G : X ×D → X be the 
map defined by G(x, t) = H(x, f(t)). Observe that G(X × {c}) = H(X × {f(c)}) = H(X × {a}) = X and 
G(X × {d}) = H(X × {f(d)}) = H(X × {b}) = {p}. In conclusion, X is g-pseudo-contractible with factor 
space D. !

The next results follow immediately from Lemma 3.10.

Theorem 3.11. Let X, C and D be continua. If X is g-pseudo-contractible with factor space C and C is 
continuous image of D, then X is g-pseudo-contractible with factor space D.

Theorem 3.12. Let X and C be continua. If X is g-pseudo-contractible with factor space C(a, b) and D is 
a subcontinuum of C containing a and b, then X is g-pseudo-contractible with factor D. Moreover, X is 
g-pseudo-contractible with factor I(a, b), where I(a, b) is an irreducible continuum between a and b.

Theorem 3.13. If X is g-pseudo-contractible with factor space C(a, b) and there exists an arc component of 
C containing a and b, then X is g-contractible.

Corollary 3.14. If X is g-pseudo-contractible with factor C and C is arcwise connected, then X is g-
contractible.

The Urysohn’s Lemma ensures that the unit interval is continuous image of any continuum. Thus, we 
obtain the following result.

Theorem 3.15. Let X be a continuum. If X is g-contractible, then X is g-pseudo-contractible with any factor 
space.

Two continua X and Y are said to be continuously equivalent if there are two onto maps µ : X → Y and 
ρ : Y → X.

The following results can be compared with [4, Corollary 15, p. 61] and [3, Remark 2.15, p. 464], respec-
tively.

Theorem 3.16. Let X, C and D be continua such that C is continuously equivalent to D. Then, X is g-
pseudo-contractible with factor space C if and only if X is g-pseudo-contractible with factor space D.

Theorem 3.17. Let X and Y be continua such that X is continuously equivalent to Y. Then X is g-pseudo-
contractible if and only if Y is g-pseudo-contractible.

Proof. By hypothesis, there exist onto maps α : X → Y and γ : Y → X. Suppose that X is g-pseudo-
contractible. Then, there exist a continuum C, points a, b ∈ C and a map H : X × C → X satisfying 
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H(X × {a}) = X and H(X × {b}) = {p} for some p ∈ X. Now, let G : Y × C → Y be the map defined by 
G(y, t) = α(H(γ(y), t)). Observe that G(Y × {a}) = α(H(γ(Y ) × {a})) = α(H(X × {a})) = α(X) = Y and 
G(Y × {c}) = α(H(γ(Y ) × {c})) = α(H(X × {c})) = {α(p)}. Therefore, Y is g-pseudo-contractible. !

Observe that I is continuously equivalent to the unit circle S1. The continuum I is pseudo-contractible 
(contractible) but the continuum S1 is not pseudo-contractible (is not contractible) (see [4, Corollary 58, 
p. 69]). This shows that the last theorem fails when we consider contractibility or pseudo-contractibility 
instead of g-pseudo-contractibility.

Concerning to products we have that the g-pseudo-contractibility of continua is a productive property. 
Compare with [3, Theorem 3.1, p. 464] and [4, Corollary 22, p. 62]

Theorem 3.18. If {Xn}n∈N is a sequence of g-pseudo-contractible continua, then 
∏

n∈N
Xn is g-pseudo-

contractible.

Proof. By hypothesis, for each n ∈ N, there exist a continuum Cn, points an, bn ∈ Cn and a map Hn :
Xn ×Cn → Xn such that Hn(Xn × {an}) = Xn and Hn(Xn × {bn}) = {pn} for some pn ∈ Xn. Since Cn is 
a continuum for each n ∈ N, we have that 

∏
n∈N

Cn is a continuum. Now, we define H :
∏

n∈N
Xn ×

∏
n∈N

Cn →
∏

n∈N
Xn by H((xn)n∈N , (cn)n∈N) = (Hn(xn, cn))n∈N . The map H satisfies that H(

∏
n∈N

Xn × {(an)n∈N}) =
∏

n∈N
(Hn(Xn× {an}))n∈N =

∏
n∈N

Xn and H(
∏

n∈N
Xn× {(bn)n∈N}) =

∏
n∈N

(Hn(Xn× {bn}))n∈N = {(pn)n∈N}. 

Therefore, 
∏

n∈N
Xn is g-pseudo-contractible. !

In Section 5, we show that there exists a non g-pseudo-contractible continuum W such that W × I is 
g-pseudo-contractible. Thus, the converse of Theorem 3.18 is not true.

Corollary 3.19. If X is a g-pseudo-contractible continuum, then

1. Xn is g-pseudo-contractible for each n ∈ N.
2. X × I is g-pseudo-contractible.
3.

∏
n∈N

Xn is g-pseudo-contractible where Xn = X for each n ∈ N.

The following lemma will be used in the next theorem.

Lemma 3.20. Let X be a continuum and let B1, . . . , Bk be subcontinua of X such that X =
k⋃

i=1
Bi. If for 

each i ∈ {1, . . . , k} there exist maps Hi : X × I → Bi and Gi : X × I → Bi satisfying Hi(X × {0}) = Bi =
Gi(X × {0}) and for each i ≤ k − 1, Gi(x, 1) = Hi+1(x, 1) for each x ∈ X and Gk(X × {1}) is a singleton 
of X, then there exists an onto map G : Cone(X) → X.

Proof. We define F : X × I → X by

F (x, t) =






Hi(x, 2(kt + 1 − i)), if t ∈ [ 2i−2
2k , 2i−1

2k ], i ≤ k,

Gi(x, 2(i− kt)), if t ∈ [ 2i−1
2k , 2i

2k ], i ≤ k.

Notice that for each i ∈ {1, . . . , k − 1},

Hi

(
x, 2

(
k

(2i− 1
2k

)
+ 1 − i

))
= Gi

(
x, 2

(
i− k

(2i− 1
2k

)))
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and

Gi

(
x, 2

(
i− k

( 2i
2k

)))
= Hi+1

(
x, 2

(
k

(2i− 2
2k

)
+ 1 − i

))
.

Hence F is well defined. Because for each i ∈ {1, . . . , k}, Hi and Gi are onto maps and X =
k⋃

i=1
Bi, F

is an onto map. Finally, let G : Cone(X) → X be a map defined by G = F ◦ π−1, where π denotes the 
quotient map from X × I to Cone(X). !

A condition under which the product of a continuum X and the interval I is g-contractible is exhibited 
in the next result by showing X × I can be g-contractible although X is not.

Theorem 3.21. Let X be a continuum. If there exist g-contractible subcontinua B1, . . . Bk of X such that each 

one of them is continuous image of X and X =
k⋃

i=1
Bi, then X × I is g-contractible.

Proof. Since X =
k⋃

i=1
Bi, for each i ∈ {1, . . . , k− 1} we can suppose that Bi ∩Bi+1 *= ∅, let bi ∈ Bi ∩Bi+1. 

Let i ∈ {1, . . . , k}. The fact that Bi is g-contractible implies that there exist onto maps Fi and Ti from 
Bi× I onto Bi such that Fi(X × {0}) = Bi = Ti(X × {0}) and Fi(x, 1) = bi, Ti(x, 1) = bi−1 for each x ∈ Bi

(see [3, Theorems 2.11 and 2.13, p. 463]). Let fi : X → Bi be onto maps. We define Gi : X × I → Bi by 
Gi(x, t) = Fi(fi(x), t) and Hi : X×I → Bi by Hi(x, t) = Ti(fi(x), t). Thus, Gi(X×{0}) = Bi = Hi(X×{0})
and Gi(x, 1) = bi, Hi(x, 1) = bi−1 for each x ∈ X. Thus, from Lemma 3.20, there exists an onto map 
G : Cone(X) → X. Applying [3, Corollary 3.7, p. 465], we conclude that X × I is g-contractible. !

Observe that the condition: B is continuously equivalent to C implies that A ×B is continuously equivalent 
to A ×C. Hence, the next result follows from the fact I is continuously equivalent to each locally connected 
continuum (see [13, Theorem 8.18, p. 128]).

Corollary 3.22. Let X be a continuum and let L be a locally connected continuum. If there exist g-contractible 

subcontinua B1, . . . Bk of X such that each one of them is continuous image of X and X =
k⋃

i=1
Bi, then X×L

is g-contractible.

We do not know if Theorem 3.21 and Corollary 3.22 can be extended to g-pseudo-contractibility when 
the factor spaces are not continuous image of the interval I.

4. g-pseudo-contractibility with respect to

Let X, Y and Z be topological spaces and let α : X → X and γ : Y → Y be onto maps. We say that:

• the map γ l-p-nulls Z (l-nulls Z) provided that for each map f : Z → Y , γ ◦ f is null-pseudo-homotopic 
(null-homotopic),

• the map α r-p-nulls Z (r-nulls Z) provided that for each map f : X → Z, f ◦α is null-pseudo-homotopic 
(null-homotopic),

• the ordered pair (α, γ) p-nulls (nulls) provided that for each map f : X → Y , γ ◦ f ◦ α is null-pseudo-
homotopic (null-homotopic).
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The space X is called left g-pseudo-contractible with respect to Y (left g-contractible with respect to Y ) if 
there exists an onto map γ : Y → Y such that γ l-p-nulls X (l-nulls X). We say that X is right g-pseudo-
contractible with respect to Y (right g-contractible with respect to Y ) if there exists an onto map α : X → X

such that α r-p-nulls Y (r-nulls Y ). If there exist onto maps α : X → X and γ : Y → Y such that (α, γ)
p-nulls (nulls), then X is said to be g-pseudo-contractible with respect to Y (X is g-contractible with respect 
to Y ).

Let X and Y be spaces. We say that X is pseudo-contractible (contractible) with respect to Y provided 
that every map f : X → Y is null-pseudo-homotopic (null-homotopic). Thus, X is pseudo-contractible 
(contractible) with respect to Y if and only if (idX , idY ) p-nulls (nulls).

Proposition 4.1. Let X be a continuum. Then, X is g-pseudo-contractible (g-contractible) if and only if X
is g-pseudo-contractible (g-contractible) with respect to itself.

Observe that each null-homotopic map is null-pseudo-homotopic. Thus, the following result holds.

Theorem 4.2. Let X and Y be continua. If X is contractible with respect to Y , then X is g-pseudo-contractible 
with respect to Y .

The following lemma will be used in the proof of the most important results of this section, without 
mention it explicitly.

Lemma 4.3. Let X, Y, Z and W be topological spaces and let f : X → Y , g : Z → X and h : Y → W be 
maps. If f is null-pseudo-homotopic, then h ◦ f , f ◦ g and h ◦ f ◦ g are null-pseudo-homotopic.

Proof. Since f is null-pseudo-homotopic, there exist a continuum C, points a, b ∈ C and a map H : X×C →
Y satisfying H(x, a) = f(x) and H(x, b) = p for some p ∈ Y . Defining the maps F : X×C → W , G : Z×C →
Y and T : Z×C → W by F (x, t) = h(H(x, t)), G(z, t) = H(g(z), t) and T (z, t) = h(H(g(z), t)), respectively, 
we can see that F (x, a) = (h ◦ f)(x), F (x, b) = h(p), G(z, a) = (f ◦ g)(z), G(z, b) = p, T (z, a) = (h ◦ f ◦ g)(z)
and T (z, b) = h(p). Thus, h ◦ f , f ◦ g and h ◦ f ◦ g are null-pseudo-homotopic. !

As a consequence of Lemma 4.3, we have the following results.

Theorem 4.4. Let X and Y be continua. If X is either right g-pseudo-contractible or left g-pseudo-contractible 
with respect to Y , then X is g-pseudo-contractible with respect to Y .

Proof. Assume that X is right g-pseudo-contractible. Let f be an onto map. By hypothesis, there exists an 
onto map α : X → X such that α r-p-nulls Y. Thus, f ◦ α is null-pseudo-homotopic. Applying Lemma 4.3, 
we conclude that (α, idY ) p-nulls. Therefore, X is g-pseudo-contractible with respect to Y . !

Corollary 4.5. Let X be a continuum. If X is either right g-pseudo-contractible or left g-pseudo-contractible 
with respect to itself, then X is g-pseudo-contractible.

Theorem 4.6. Let X be a continuum. The following statements are equivalent:

1) X is g-pseudo-contractible (g-contractible).
2) X is right g-pseudo-contractible (right g-contractible) with respect to Y for each continuum Y .
3) Z is left g-pseudo-contractible (left g-contractible) with respect to X for each continuum Z.
4) X is g-pseudo-contractible (g-contractible) with respect to Y for each continuum Y .
5) Z is g-pseudo-contractible (g-contractible) with respect to X for each continuum Z.
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Proof. First, we shall prove that (1) implies both (2) and (3). Assume that X is g-pseudo-contractible. 
Thus, there exist a null-pseudo-homotopic onto map g : X → X. In order to show (2), let Y be a continuum 
and let f : X → Y be a map. Then, the map f ◦g is null-pseudo-homotopic. Thus, g r-p-nulls Y . Now, let us 
prove (3). Let Z be a continuum and let h : Z → X be a map. Then, the map g◦h is null-pseudo-homotopic. 
We conclude that g l-p-nulls Z. On the other hand, we apply Theorem 4.4 to conclude that (4) is implied 
by (2) and (5) is implied by (3). Finally, by Proposition 4.1 taking Y = X = Z, each one of the statements 
(4) and (5) implies (1). !

Corollary 4.7. Let X be a continuum. If X is right g-contractible (left g-contractible) with respect to itself, 
then X is g-contractible.

Theorem 4.8. Let X, Y and D be continua. If X is right g-pseudo-contractible (right g-contractible) with re-
spect to Y and D is continuously equivalent to X, then D is right g-pseudo-contractible (right g-contractible) 
with respect to Y .

Proof. Let α : X → X, µ : X → D and ρ : D → X be onto maps such that α r-p-nulls Y . We claim that 
the map µ ◦ α ◦ ρ from D onto D r-p-nulls Y . To see this, let f : D → Y be a map. Because the map f ◦ µ
is defined from X to Y , the map (f ◦µ) ◦α is null-pseudo-homotopic. From this, it follows that f ◦µ ◦α ◦ ρ
is null-pseudo-homotopic. This finishes the proof. !

Corollary 4.9. Let X and Y be continua. If X and Y are continuously equivalent and X is right g-pseudo-
contractible (right g-contractible) with respect to Y, then X and Y are g-pseudo-contractible (g-contractible).

Theorem 4.10. Let X, Y and D be continua. If X is left g-pseudo-contractible (left g-contractible) with 
respect to Y and D is continuously equivalent to Y , then X is left g-pseudo-contractible (left g-contractible) 
with respect to D.

Proof. Assume that γ : Y → Y is an onto map in such a way γ l-p-nulls X. By hypothesis, there exist onto 
maps µ : Y → D and ρ : D → Y . We shall prove that the map µ ◦ γ ◦ ρ from D onto itself l-p-nulls X. Let 
f : X → D be a map. Since ρ ◦ f is a map from X into Y , γ ◦ (ρ ◦ f) is null-pseudo-homotopic. This implies 
that µ ◦ γ ◦ ρ ◦ f is null-pseudo-homotopic. !

Corollary 4.11. Let X and Y be continua. If X is left g-pseudo-contractible (left g-contractible) with respect 
to Y and X and Y are continuously equivalent, then X and Y are g-pseudo-contractible (g-contractible).

Let X be a topological space and let A be a closed subset of X. A map r : X → A is a retraction provided 
that r|A is the identity map on A. The set A is called a retract of X. We say that A is a deformation retract 
of X or A is a pseudo-deformation retract of X if there exists a retraction r : X → A which is homotopic 
to the identity map on X or is pseudo-homotopic to the identity map on X, respectively.

Theorem 4.12. Let X, Y be continua and let A be a retract of X. If X is left g-pseudo-contractible (left 
g-contractible) with respect to Y , then A is left g-pseudo-contractible (left g-contractible) with respect to Y .

Proof. Let γ : Y → Y be an onto map that l-p-nulls X. We shall prove that γ l-p-nulls A too. Let h : A → Y

be a map. Let r : X → A be a retraction, let C be a continuum and let H : X × C → Y be a pseudo-
homotopy between γ ◦ (h ◦ r) and a constant map l : X → Y . Then, the restriction map H|A×C is a 
pseudo-homotopy between the maps γ ◦ h and l|A. !

Let X and Y be topological spaces such that X ∩ Y = ∅. Given w ∈ X and u ∈ Y , the quotient space 
obtained by the partition
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{{w, u}} ∪ {{x} : x ∈ X ∪ Y \ {w, u}}

of the free union of X and Y (see [13, Definition 3.17, p. 42] for the definition of the free union of two 
spaces) will be denoted by (X, u) ∨ (Y, w) and it is called the adjunction space.

It is well known that if X and Y are disjoint continua, then the adjunction space (X, w) ∨ (Y, u) is a 
continuum (see [13, Theorem 3.20, p. 43]).

Theorem 4.13. Let X, Y be continua and let A be a pseudo-deformation retract of X. Then, A is left 
g-pseudo-contractible with respect to Y if and only if X is left g-pseudo-contractible with respect to Y .

Proof. Suppose that A is left g-pseudo-contractible with respect to Y , there exists an onto map γ : Y → Y

such that γ l-p-nulls A. In order to prove that γ also l-p-nulls X, we consider a map f : X → Y . Since γ l-p-
nulls A, there exist a continuum C, points u, v ∈ C and a map G : A ×C → Y such that G(a, u) = γ◦f |A (a)
and G(a, v) = l for some l ∈ Y . On the other hand, from our assumption on A, it follows that there exist a 
retraction r : X → A, a continuum D, points z, w ∈ D and a map F : X ×D → X satisfying F (x, z) = x

and F (x, w) = r(x).
We may assume that C ∩D = ∅. We define H : X × ((C, u) ∨ (D, w)) → Y by

H(x, t) =






γ(f(F (x, t))), if t ∈ D,

G(r(x), t), if t ∈ C,

to get a pseudo-homotopy between γ ◦ f and l. Therefore, γ l-p-nulls X.
On the other hand, by Theorem 4.12 the part “only if” holds. !

Theorem 4.14. Let X, Y be continua and let B be a retract of Y . If X is right g-pseudo-contractible (right 
g-contractible) with respect to Y , then X is right g-pseudo-contractible (right g-contractible) with respect to 
B.

Proof. Let us prove that each map from X onto itself which r-p-nulls Y , r-p-nulls B too. Let α : X → X

be an onto map such that r-p-nulls Y and let h : X → B be a map. Now, since h ◦ α is a map from X to 
Y , there exists a pseudo-homotopy H between h ◦ α and a constant map l. By hypothesis there exists a 
retraction r : Y → B. Then, the map r ◦H is a pseudo-homotopy between h ◦α and the constant map r ◦ l. 
Thus, α r-p-nulls B. !

Theorem 4.15. Let X, Y be continua and let B be a pseudo-deformation retract of Y . Then, X is right 
g-pseudo-contractible with respect to B if and only if X is right g-pseudo-contractible with respect to Y .

Proof. The only if part is given by Theorem 4.14. To prove the if part, let α : X → X be an onto map such 
that α r-p-nulls B. We will prove that α r-p-nulls Y too. Let f be a map from X into Y . By hypothesis, 
there exist a retraction r : Y → B, a continuum D, points z, w ∈ D and a map G : Y × D → B such 
that G(y, z) = y and G(y, w) = r(y) for each y ∈ Y . On the other hand, there exist a continuum C, points 
u, v ∈ C and a map F : X ×C → B such that F (x, u) = r(f(α(x))) and F (x, v) = l for each x ∈ X and for 
some l ∈ B.

We may assume that C ∩D = ∅. We define H : X × ((C, u) ∨ (D, w)) → Y a pseudo-homotopy between 
f ◦ α and l given by

H(x, t) =






G(f(α(x)), t), if t ∈ D,

F (x, t), if t ∈ C.
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Fig. 3. Continuum W of Example 5.1.

In conclusion, α r-p-nulls Y . !

5. Maps and g-pseudo-contractibility

Given a topological property P and a class M of maps, we say that P is invariant under the class M
provided each onto map f : X → Y with f ∈ M if X has P then Y has P.

Let X, Y be continua. An onto map f : X → Y is said to be:

– Open, provided that the image of each open subset of X under f is an open subset of Y .
– Monotone if the pre-image of each point of Y is connected.
– Light, if for each point of Y , every component of its pre-image is degenerate.

This section is dedicated to show that the property of being g-pseudo-contractible is not invariant under 
retractions, open maps and the property of not being g-pseudo-contractible is not invariant under retractions, 
open maps and monotone maps. We will use the following notation and definitions. Let {An}n∈N be a 
sequence of subsets of a space X. We define the limit inferior of {An}n∈N , denoted by lim inf An as the set 
of all x ∈ X such that there exists a sequence {xn}n∈N in X converging to x with xn ∈ An for every n ∈ N. 
Let X be a continuum and let Y be a subset of X. We denote by NLC(Y ) the set of all points of Y at 
which X is not locally connected. Also, diam(Y ) will denote the diameter of the subset Y . Finally, the set 
of all components of Y in X will be denoted by comp(Y ). If u, w ∈ R2, we denote by uw the straight line 
segment with endpoints u and w. We define φ : R2 → R2 as the map obtained by the reflection through the 
origin.

The continuum W below appears in [3], here it is described for our purposes.

Example 5.1. Continuum W : Let a = (−1, 0), p = (0, 0) and dn = (0, 1n ) for each n ∈ N. Let FH be the 
Harmonic Fan defined by:

FH =
(

⋃

n∈N

adn

)
∪ ap.

Let {Dn}n∈N be a sequence of continua which are homeomorphic to FH such that {diamDn}n∈N con-
verges to 0. We define the continuum XH by:

XH = FH ∪
(

⋃

n∈N

Dn

)
.

Where we identify the vertex of Dn with dn.
The continuum W is defined by W = XH ∪ φ(XH) (See Fig. 3.)
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Proposition 5.2. The continuum W described in Definition 5.1 is not g-pseudo-contractible.

Proof. Suppose that W is g-pseudo-contractible. Then, there exist a continuum C, points c, d ∈ C, an onto 
map g : W → W and a pseudo-homotopy H : W × C → W satisfying H(x, c) = g(x) and H(x, d) = l for 
some l ∈ W .

Let U = W \ {a, φ(a)}. For each n ∈ N, let C2n−1 = Dn ∪ (adn \ {a}) and C2n = φ(Dn) ∪ (φ(a)φ(dn) \
{φ(a)}). Thus, U is an open subset of W , {Cn}n∈N is a sequence of components of U and lim inf Cn = {p}.

Claim 1. There exists a sequence {pn}n∈N in W such that lim pn = p and pn ∈ g−1(Cn) for each n ∈ N.

For each n ∈ N, let L2n−1 = NLC(Dn), L2n = NLC(φ(Dn)) and L0 = NLC(aφ(a)). Observe that 
NLC(W ) =

⋃
{Ln : n ∈ N ∪ {0}}. Now, we take wn ∈ Ln for each n ∈ N. Then, {wn}n∈N is a sequence 

such that limwn = p. By [3, Lemma 4.11, p. 471], NLC(W ) ⊆ g(NLC(W )). Then, there exists a sequence 
{pn}n∈N in NLC(W ) such that g(pn) = wn ∈ Ln ⊆ Cn. We will prove that lim pn = p.

Assume that there exists m ∈ N ∪ {0} such that J = {n ∈ N : pn ∈ Lm} is an infinite set. The 
fact that Lm is an arc contained in W implies that g(Lm) is a local connected subcontinuum of W such 
that {wn : n ∈ J} ⊆ g(Lm), a contradiction. Thus, if m ∈ N ∪ {0}, then Jm = {n ∈ N : pn ∈ Lm} is 
either a finite set or an empty set. Let {mk}∞k=1 be the increasing sequence consisting of all elements of 
{m ∈ N : Jm *= ∅}. Now, let ρ > 0. Then, there exists k0 ∈ N such that Lmk ⊆ (−ρ, ρ) × (−ρ, ρ) for each 
k ≥ k0. Finally, let N = max

⋃
{Jmk : k < k0}. We shall prove that pn ∈ (−ρ, ρ) × (−ρ, ρ) for each n ≥ N . 

Observe that if j < k0 and n ∈ N is such that pn ∈ Lmj , then n ∈ Jmj ⊆
⋃
{Jmk : k < k0} and so n < N . 

Hence, we conclude that if n ≥ N and j ∈ N are such that pn ∈ Lmj , then j ≥ k0 and this implies that 
pn ∈ Lmj ⊆ (−ρ, ρ) × (−ρ, ρ). Therefore, lim pn = p. The proof of Claim 1 is finished.

Let ε > 0 such that d(p, W \U) = min{d(p, x) : x ∈ W \U} ≥ ε. From the fact that H is uniformly continu-
ous map, it follows there exists δ > 0 such that dW (H((x, s)), H(y, r))) < ε provided dW×C((x, s), (y, r)) < δ. 
Set P = {p} ∪ {pn : n ∈ N}. Suppose that diam(P ) < δ. Then, diam(H(P × {z})) < ε for each z ∈ C. Set 
V = {t ∈ C : H(P × {t}) ⊆ U}.

Claim 2. The set V is a non-empty open proper subset of C.

First, notice that g(p) = p. Thus H(p, c) = p and H(pn, c) = g(pn) ∈ Cn ⊆ U . Therefore c ∈ V and 
V *= ∅.

In order to prove that V *= C, we assume to the contrary that V = C. Then {l} = H(P × {d}) ⊂ U . Let 
M ∈ comp(U) such that l ∈ M . Let j ∈ N. Notice that H({pj} × C) is a connected subset of U such that 
l ∈ H({pj} × C) and H({pj} × C) ⊆ Cj . Therefore, M = Cj . Hence, M = lim inf Cn = {p} ⊂ U . Thus, M
is a component of the open subset U of W whose closure is contained in U . This condition contradicts the 
Boundary Bumping Theorem ([13, Theorem 5.7, p. 75]). Hence, V *= C.

Now, we shall prove that V is an open subset of C. Let t ∈ V . Then H(P × {t}) ⊆ U . Thus P ×
{t} ⊆ H−1(U). The continuity of H and the Tube Lemma ([12, Lemma 26.8, p. 168]) ensure that there 
exist open subsets U1 and U2 of W and C, respectively, such that P × {t} ⊆ U1 × U2 ⊆ H−1(U). Since 
P × U2 ⊆ U1 × U2 ⊆ H−1(U), we obtain that t ∈ U2 ⊆ V . This concludes the proof of Claim 2.

Let V0 be the component of V such that c ∈ V0. Since H({pn} × V0) is a connected subset of U and 
H(pn, c) = g(pn) ∈ Cn, we have that H({pn} × V0) ⊆ Cn for each n ∈ N. Now, observe that if m ∈ V0, 
then there exists a sequence {mn}n∈N in V0 such that it converges to m and so {H(pn, mn)}n∈N is a 
sequence in W converging to H(p, m) and H(pn, mn) ∈ H({pn} ×V0) for each n ∈ N. Thus, H({p} ×V0) ⊆
lim inf H({pn} × V0) ⊆ lim inf Cn = {p}.

The fact that V0 is a component of V and the Boundary Bumping Theorem imply that V0 ∩ (C \V ) *= ∅. 
Let t ∈ V0 ∩ (C \ V ). Then, t ∈ Bd(V0) \ V . Thus, H(P × {t}) is not contained U , it follows that there 
exists x ∈ P such that H(x, t) /∈ U . Using the condition H(p, t) = p and the choice of ε, we deduce that 
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d(H(p, t), H(x, t)) ≥ ε. Since H is a uniformly continuous map and diam(P ) < δ, thus diam(H(P×{t})) < ε. 
This is a contradiction. Therefore, the continuum W is not g-pseudo-contractible. !

Proposition 5.3. The continuum W described in Example 5.1 fulfills each one of the following statements:

1. W is not g-pseudo-contractible.
2. W × I is g-pseudo-contractible.
3. There exists an open monotone retract from a g-pseudo-contractible continuum onto W .
4. There exists a monotone map from a contractible continuum onto W .
5. There exists a light open map from W onto a contractible continuum.
6. There exists a retraction from W onto a contractible continuum.
7. There exists a monotone map from W onto a contractible continuum.

Proof. The statement (1) was proved in Proposition 5.2. Invoke [3, Theorem 4.19, p. 473] and Theorem 3.1
to show (2).

In order to prove (3), let f : W × I → W be a map defined by f(w, t) = w for each (w, t) ∈ W × I. 
Notice that f is an open map and also f is a retraction from W × I onto W × {0}. From (2), W × I is 
g-contractible.

Let us prove (4). Let Z be defined by Z = XH ∪ pφ(a) ∪ (φ(a) + φ(XH)). Notice that the continuum Z
is contractible. Let γ : Z → γ(Z) be the quotient map that result of collapsing the set pφ(a) to a single 
point. Observe that γ(Z) is homeomorphic to W . Therefore γ(Z) is not g-contractible. Notice that γ is a 
monotone map. This proves (4).

Now we will prove (5). We consider η : W → XH the map defined by η(w, y) = (w, y) if (w, y) ∈ XH and 
η(w, y) = φ(w, y) otherwise. The map η is a light open retraction and the continuum XH is contractible.

Finally, let σ : W → XH be a map defined by σ(w, y) = (w, y) if (w, y) ∈ XH and σ(w, y) = p otherwise. 
Notice that σ is a monotone retraction from W to XH . This shows (6) and (7). !
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Toluca, México; a  11 de enero de 2021  
 

 
Carta de autorización  para la incorporación  de 

objetos digitales en el Repositorio  Institucional  de 
la Universidad  Autónoma del Estado de México. 

 

 
 

UNIVERSIDAD  AUTÓNOMA DEL ESTADO DE MÉXICO 

P R E S E N T E 

El/la/los que suscribe/n    Lucero Madrid Mendoza, con                            

fundamento  en los artículos  13 fracción  I, 18, 21 22, 27, 30 y demás 

aplicables de la Ley Federal del Derecho de Autor y su Reglamento vigentes, 

firmo/mamos  la presente  Licencia  de Uso Gratuita,  No Exclusiva  y No 

remunerada  para  la incorporación  al Repositorio  Institucional  de la 

Universidad Autónoma del Estado de México de la obra literaria (artículo, 

capítulo de libro, libro, tesis de posgrado, entre otros.) que lleva por 

título: Continuos g-contráctiles y la relación que guarda con otras 

estructuras topológicas. 

 
Asimismo,  declaro/ramos  bajo  protesta  de decir  verdad  ser  el/la/los 

autor/a/res  y/o  legítimo/a/s  titular/es  de  la  obra  literaria  y sus 

derivados  visuales;  y que responderé/remos de la autoría/titularidad, 

originalidad  y nivel  de acceso  de la obra de mérito  y del ejercicio 

pacífico de los derechos que se licencian en este acto, manifestando  que 

no existe ninguna otra persona física o moral a la que le pertenezcan; 

por lo cual  libero/ramos  en este  acto  de toda  responsabilidad a la 

Universidad  Autónoma del Estado de México, así como de cualquier demanda 

o reclamación  que llegara a formular  alguna persona física o moral que 

considere  vulnerados  sus derechos o que se suponga con derecho sobre la 

obra mencionada,  asumiendo  todas las consecuencias  legales y económicas 

a que hubiera lugar. 

 
Por  lo  anterior,  autorizo  que  la  Oficina  de  Conocimiento   Abierto 
perteneciente  a  esta  Máxima Casa de Estudios,  realice lo propio para 
el almacenamiento, preservación  y   difusión  de la obra,  con  fines 
académicos y culturales en formato de acceso abierto y sin fines de lucro 
en los términos siguientes: 

 

 
 
 

1. De los Derechos de Autor. 
 

Reconozco la importancia  de protección  de mi obra y el movimiento  de 
Acceso Abierto del cual forma parte la Universidad Autónoma del Estado 
de México, por lo tanto conozco y acepto que mi obra esté protegida
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 Reconocimiento (BY): El autor permite copiar, reproducir, 
distribuir, comunicar públicamente la obra, realizar obras 
derivadas (traducción, adaptación, etc.) y hacer de ella un uso 
comercial, siempre y cuando se cite y reconozca al autor 
original. 

 

Reconocimiento - Sin obra derivada (BY-ND): El autor 
permite copiar, reproducir, distribuir, comunicar públicamente la 
obra, y hacer de ella un uso comercial siempre y cuando se cite 
y reconozca al autor original. No permite generar obra derivada. 

Reconocimiento - No comercial- Sin obra derivada (BY-NC- 
ND): El autor permite copiar, reproducir, distribuir, comunicar 
públicamente la obra, siempre y cuando se cite y reconozca al 
autor original. No permite generar obra derivada ni utilizarla con 
finalidades comerciales. 

 

Reconocimiento - No comercial (BY-NC): El autor permite 
copiar, reproducir, distribuir, comunicar públicamente la obra, y 
generar obras derivadas siempre y cuando se cite y reconozca 
al autor original. No se permite utilizar la obra con fines 
comerciales. 

Reconocimiento - No comercial - Compartir igual (BY-NC- 
SA): El autor permite copiar, reproducir, distribuir, comunicar 
públicamente la obra, y generar obras derivadas siempre y 
cuando se cite y reconozca al autor original. La distribución de 
las obras derivadas deberá hacerse bajo una licencia del mismo 
tipo. No se permite utilizar la obra con fines comerciales. 

 

Reconocimiento - Compartir igual (BY- SA): El autor permite 
copiar, reproducir, distribuir, comunicar públicamente la obra, 
generar obras derivadas y hacer de ellas un uso comercial, 
siempre y cuando se cite y reconozca al autor original. Se 
permite la distribución de las obras derivadas, pero única y 
exclusivamente con una licencia del mismo tipo. 

 

 

bajo una de las Licencia Creative Commons que a continuación se listan, 
marcando  con una “X” del lado izquierdo  la que será aplicable  a mi 
obra: 

 
Licencia                                                 icono 

 
 
 
 

 
 

 

 
 

 
 

x 
 
 
 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 

 
2. De la Difusión del producto 

 
El nivel de acceso en mi obra definirá la parcialidad  o totalidad de 
acceso a los datos y documento  a texto completo para su visibilidad 
en el Repositorio  Institucional, por lo que la aplicable  a mi obra, 
es el señalada del lado izquierdo en esta sección:

X 
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Nivel de acceso 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    X 

 

a.   Abierto: esta característica permite que los metadatos  del 
depósito puedan ser visualizados  en su totalidad,  así como 
el acceso  al documento  a texto  completo  depositado  para 
visualización   y  descarga,  el  documento  es  incluido  en 
resultados  de búsquedas.  Las características de un archivo 
para publicación  en abierto son: 
I.   Es posible acceder a su contenido  de manera libre y 

universal,  sin costo alguno para el lector, a través 
de  cualquier  dispositivo  que  cuente  con  acceso  a 
Internet; 

II.   El  autor  o  titular  de  los  derechos  de  propiedad 
intelectual  otorga al usuario el derecho de utilizar, 
copiar  o  reproducir   el  contenido,   con  la  única 
condición de que se dé el debido crédito de autoría. 

III.   El documento ya cumplió su periodo de exclusividad  con 
alguna editorial  o tercera persona y está disponible 
para su libre publicación. 

b.   Restringido:  esta característica se utiliza cuando se desea 
que el documento no se muestre al público, únicamente podrán 
visualizarse  los  metadatos  del  depósito  a petición  del 
depositante o autor, en caso de que algún visitante o usuario 
desee  el acceso  al contenido  completo  del documento  se 
enviará  un mensaje  al depositante  del documento  a texto 
completo  solicitando  su acceso, el depósito  será incluido 
en los resultados de búsqueda 

c.   Embargado: esta característica permite ocultar el documento 
por un periodo de tiempo definido por el autor, únicamente 
podrán visualizarse  los metadatos  del depósito  a petición 
del depositante  o autor, llegada la fecha de finalización 
de embargo el acceso al documento será modificado a “acceso 
abierto”,  mientras  el documento  se encuentre  oculto  los 
metadatos   serán  visibles   y  quedará   incluido   en  los 
resultados de búsqueda. 

d.   Cerrado: en este caso el depósito no será incluido en los 
resultados  de búsquedas,  el documento  y los metadatos  de 
depósito NO serán visibles para los usuarios. 

 

 
 
 

Para el caso de nivel de acceso Restringido,  Cerrado o Embargo, se deberá 
contar con un motivo y fecha de término por el nivel de acceso elegido. 

 
Así mismo, conozco y acepto los términos del aviso de privacidad  de la 
UAEMex, mismo que puede ser consultado en 
http://web.uaemex.mx/avisos/Aviso_Privacidad.pdf; en  este  mismo  acto 
otorgo mi consentimiento, para que la Universidad  Autónoma del Estado de 
México, haga públicos mis datos personales referentes a nombres, espacio
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académico, opiniones y/o conclusiones  vertidas en el presente trabajo de 
investigación  (tesis de grado y posgrado, artículos, libros, capítulos y 
cualquier  trabajo  académico)  derivado  de las obligaciones  comunes  y 
específicas  que se tiene como Sujeto Obligado en materia de Trasparencia 
y en cumplimiento  a la Ley de Protección de Datos Personales en Posesión 
de Sujetos Obligados 

 
En pos a la protección de datos personales de terceros, y en cumplimiento 
a la Ley de Protección  de Datos  Personales  en Posesión  de Sujetos 
Obligados,  estoy de acuerdo para que la tesis de mi autoría no contenga 
documentos  donde se visualicen  datos personales  sensibles  que puedan 
afectar a terceros;  tales documentos  como voto aprobatorio,  aceptación 
de tesis, dedicatorias,  agradecimientos, mismos que, de no ocultarlos, 
serán visibles en el Repositorio Institucional  de la Universidad autónoma 
Del Estado de México, haciéndome  responsable  de los mismos y sin previo 
permiso de los terceros 

 

 
 
 

Firmo de Conformidad  y bajo protesta de decir verdad 
 

 
 
 

Nombre y Firma: Lucero Madrid Mendoza  
 

 
No. De Cuenta:  0410532  

 

 
 
 

NOTA: Ésta carta, toda vez que el autor registre los campos de llenado y 
las  firmas  correspondientes, debe  digitalizarse   y adjuntarse  en  el 
depósito  del Repositorio  Institucional  de la Universidad  Autónoma  del 
Estado de México; misma que no será visible para consulta. 

 

 
 
 
 
 
 
 
 
 
 
 

Conozco y acepto los términos de privacidad de la 
Universidad  Autónoma del Estado de México 

http://web.uaemex.mx/avisos/Aviso_Privacidad.pdf
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Toluca, México a 11 de enero de 2021 

 
Hoja de datos del autor 

 
 
Nombre: Lucero Madrid Mendoza 

 
Número de cuenta (en caso de aplicar):  

0410532 

Grado académico: Doctorado 

Programa educativo de procedencia  (aplica solo en tesis):Posgrado en Ciencias 
(Matemáticas) 
 
Institución  donde labora: 

UAEMex  

Domicilio: Facultad de 

Ciencias UAemex  

Teléfono/Fax: 722 380 81 81 
 

Correo electrónico  (preferentemente correo institucional): 

lmadridm853@profesor.uaemex.mx 

 
 

 
 
 
 
                                                                                    Lucero Madrid Mendoza 
 

 
Nombre y firma 
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Toluca, México a 11 de enero de 2021 
 
 
 
 

Hoja de datos del Autor 
 
 
 

Nombre: Félix Capulín Pérez 
 
Número de cuenta: 
 
Grado Académico: Doctorado 
 
 
Program educativo: de procedencia: 
 
 
Institución donde labora: Facultad de Ciencias UAEMEX 
 
 
 
Domicilio: Facultad de Ciencias 
 
 
 
Teléfono: 7222965554 
 
 
Correo electrónico:   fcp@uaemex.mx 
 
 
 
 
 
 
 
 

 
 Félix Capulín Pérez          

 Nombre y firma 
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Toluca, México a 11 de enero  de 2021 
 
 
 
 

Hoja de datos del Autor 
 
 
 

Nombre: David Maya Escudero 
 
Número de cuenta: 
 
Grado Académico: Doctorado 
 
 
Program educativo: de procedencia: 
 
 
Institución donde labora: Facultad de Ciencias UAEMEX 
 
 
 
Domicilio: Facultad de Ciencias 
 
 
 
Teléfono: 722 169 93 06 
 
 
Correo electrónico: 
 
 
 
 
 
 
 
 
 
______                               David Maya Escudero 

 
 

         Nombre y firma 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

dmayae@uaemex.mx
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UAEM 
 
 
 
 

Toluca, México a 11 de enero de 2021 
 

 
 
 

Hoja de datos del Autor 
 

 
 

Nombre: José Guadalupe Anaya Ortega 
 

Número de cuenta: 
 

Grado Académico: Doctorado 
 

 

Program educativo: de procedencia: 
 

 

Institución donde labora: Facultad de Ciencias UAEMEX 

Domicilio: Facultad de Ciencias 

Teléfono: 7222965554 
 

 

Correo electrónico:  jgao@uaemex .mx 
 

 
 
 
 
 
 
 
 

               José Guadalupe Anaya Ortega 
Nombre y firma 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Nota: para el caso de que sean más de un autor, se deberá imprimir esta última hoja de 
“datos del autor” en relación al número de autores. 
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Nota: para el caso de que sean más de un autor, se deberá imprimir esta última hoja de 
“datos del autor” en relación al número de autores. 

 

 
Esta información  es recabada con fines administrativos 

 

 
 

Conozco y acepto los términos de privacidad de la 
Universidad  Autónoma del Estado de México 

http://web.uaemex.mx/avisos/Aviso_Privacidad.pdf 
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