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DEFINITION 1 Let 1 ≤ p ≤ +∞ and Ω ⊂ RN an open set.
The first order Sobolev space, denoted by W 1,p(Ω), is defined
by

W 1,p(Ω) = {v ∈ Lp(Ω) /∇v ∈ Lp(Ω)N}.(1)

For 1 ≤ p < +∞ and v ∈W 1,p(Ω) we put

‖v‖1,p =

(∫
Ω

|v|p +

∫
Ω

|∇v|p
)1/p

,(2)

and also
‖v‖1,∞ = ‖v‖∞ + ‖∇v‖∞,(3)

The following results are well known.

THEOREM 2 Let 1 ≤ p ≤ +∞. Then ‖ · ‖1,p is a complete
norm in W 1,p(Ω).

THEOREM 3 Let 1 ≤ p < +∞. Then W 1,p(Ω) is separable.

THEOREM 4 Let 1 < p < +∞. Then W 1,p(Ω) is reflexive.

REMARK 5 The case p = 2 is a very special case. The next
result tells us that W 1,2(Ω) is more than a Banach space.

COROLLARY 6 W 1,2(Ω) is a Hilbert space.

From now on, we will write H1(Ω) instead of W 1,2(Ω).

Acknowledgements

This research was partially supported by Ministerio de
Economía y Competitividad under grant MTM2013-99XYZ
with the participation of FEDER.

References
[1] S. Auliac, A. Le Hyaric, J. Morice, F. Hecht, K. Ohtsuka, O. Pironneau,

FreeFem++ . Third Edition, Version 3.31-2, 2014.
http://www.freefem.org/ff++/ftp/freefem++doc.
pdf

[2] F. Hecht, New development in FreeFem++. J. Numer. Math. 20 (2012),
no. 3-4, 251–265, 65Y15.

[3] T. Tantau, The TikZ and PGF Packages. Manual for version 2.10-cvs.
November, 2012.
http://sourceforge.net/projects/pgf
http://www.texample.net/tikz/

∗Departamento de Matemáticas, Universidad de Tartessos, Campus de Amílcar, 12345 Población (SPAIN). Email: first.author@utar.es, third.author@utar.es
†Department of Applied Mathematics, University of Palo Corto, 99, Ave. Palisades, 98765 Town (USA). Email: second.author@upl.us

1

http://www.ams.org/msc/msc2010.html
mailto:ehf2018@ulpgc.es?subject=Poster Abstract
http://www.springer.com/series/10532
http://www.springer.com/series/10532
http://resource-cms.springer.com/springer-cms/rest/v1/content/20568/data/contributed+books
http://www.springer.com/gp/authors-editors/book-authors-editors/book-manuscript-guidelines
http://www.freefem.org/ff++/ftp/freefem++doc.pdf
http://www.freefem.org/ff++/ftp/freefem++doc.pdf
http://sourceforge.net/projects/pgf
http://www.texample.net/tikz/
mailto:third.author@utar.es

