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Definition 1. Two lines in an affine space are called
skewif their affine span has dimensiagn More
generally a collection of affine subspadés. . ., U,

of R are calledskewif their affine span has
dimensiodim(U;) + ... + dim(U;) + 1 — 1.
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Definition 2. For a given smooth-dimensional

manifold M/ ", an embedding : M" — R" is called
totaly skewif for each two distinct points, y € M”

the affine subspacel (T, M) anddf (T, M) of R
are skew. LetV(M™) be the minimundV such that

there exists a skew embedding\éf into R”.
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Example 1. S' — R* z — (2, 2°%)
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Example 2.R — R’ t— (t,t%, 1)
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Theorem 1. For any manifoldM”,
2n+1 < N(M"™) < 4n + 1.

Indeed, generically any submanifald” c R**™! is
totally skew. Further, if\/" is closed, then

N(M™) > 2n + 2.
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Theorem 1. For any manifoldM”,
2n+1 < N(M"™) < 4n + 1.

Indeed, generically any submanifald” c R**™! is
totally skew. Further, if\/" is closed, then

N(M™) > 2n + 2.
Theorem 2. N(S") < 3n + 2.
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» Generalized vector fields problem

« Existence of symmetric nonsingular bilinear m
Rn—l—l e Rn—l—l 5 Rm™
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« Existence of symmetric nonsingular bilinear m
Rn—l—l e Rn—l—l 5 Rm™

« An Immersion problem for real projective spac:
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Generalized vector fields problem

Existence of symmetric nonsingular bilinear m
Rn—l—l e Rn—l—l 5 Rm™

An immersion problem for real projective spac

Neighborly embeddings of manifolds
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Generalized vector fields problem

Existence of symmetric nonsingular bilinear m
Rn—l—l e Rn—l—l 5 Rm™

An immersion problem for real projective spac
Neighborly embeddings of manifolds

k regular embedding of manifolds
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« Gordana Stojanogj PhD thesis

« CGTA team: G. Stojanoti S. Vreica, R.
Zivaljevic, ©. Baralic

Topological obstructions to totally skew embeddings



Our results




e 5 <7< NIRP?) <9

Topological obstructions to totally skew embeddings



e 5 <7< N(RP?) <9
¢ T<13< NRP?x RP?) <17

Topological obstructions to totally skew embeddings



e 5 <7< N(RP?) <9
¢ T<13< NRP?x RP?) <17
» 25 <43 < N(G3(R") < 49

Topological obstructions to totally skew embeddings



5<7<NIRP?) <9
7<13< NRP?x RP?) <17
25 < 43 < N(G3(R") < 49

13 < 21 < N(G9(R?) < 25

Topological obstructions to totally skew embeddings



5<7<NIRP?) <9
7 <13 < N(RP? x RP?) < 17
25 < 43 < N(G3(R") < 49
13 < 21 < N(G9(R?) < 25
21 < 29 < N(G5(R")

VAN

41

Topological obstructions to totally skew embeddings



5<7<NIRP?) <9
7<13< NRP?x RP?) <17

25 < 43 < N(G3(R") < 49
13 < 21 < N(Go(R®) < 25
21 < 29 < N(G5(R") < 41
19 < 31 < N(G3(R®) < 37

Topological obstructions to totally skew embeddings
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7<13< NRP?x RP?) <17
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(G3(RY) <
(G2(R?) <
21 < 29 < N(G5(R") < 41
(G3(R?) <
31 < 43 < N(G3(R®) <
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Vector bundle reduction
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Let F»(M) .= M?\ Ay be the configuration space
(manifold) of all distinct ordered pairs of points i .
The tangent bundIé&'( F5(M)) admits a splitting

T(F(M)) =2 aiTM &y T M (1)

wherem, my : F5(M) — M are natural projections.
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Vector bundle reduction
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If f: M" — R"Y is a totally skew embedding, then
there arises a monomorphism of vector bundles

b =Y g T(F(M)) @e — (M) xRY

wherecb : T.(M) ® T,(M) — RY is the map

defined bycb (2 y \(u,v) = dfx(u) + df,,(v) and®?

defined by®® (\) = A\(f(y) — f(x)), maps the trivia
line bundlez! to L.
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If f: M" — R"Y is a totally skew embedding, then
there arises a monomorphism of vector bundles

b =Y g T(F(M)) @e — (M) xRY
where@&’w : T.(M) & T,(M) — R is the map
defined by® ., (u, v) = df.(u) + df,(v) and®,

defined by®® (\) = A\(f(y) — f(x)), maps the trivia
line bundlez! to L.

In this case the trivialV-dimensional bundle? over
Fy(M) splits

E N = T ( F 2 (M ) ) @ 8T1po@alldﬁstructions to totally skew embeddings -



Vector bundle reduction
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Proposition 1. If the dual Stiefel-Whitney class
W (T(Fy(M))) = wi(v) € H*(F(M))

IS non-zero, thedn + £k + 1 < N. In particular,
N(M) >2n+k+ 1.
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s HY(M2, MA\Ay) - HY (M) - B (Fy(M)) —
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s HY(M2, MA\Ay) - HY (M) - B (Fy(M)) —

We are interested in the (dual) Stiefel-Whitney clas
so by naturality, in order to check non-triviality of

wi(T(Fy(M))), it is sufficient to check if the class
w(T(M?)) is in the image of the map.
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The imageA := Image(«) of o IS generated, as a
H*(M)-module, by the “diagonal cohomology clas:

U” — zr: bz X bf
=

where{b;}’_, is an additive basis af/*(M) andb’
the class dual to,.
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Proposition 2.

A =Imagda) = H*(M) - u"

(1xa)Ud" | ae H (M)}
(ax ) Uu" | a € H (M)}

1
1
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Proposition 2.

A =Imagda) = H*(M) - u"
(1xa)Uu" |ae H (M)}
(ax YU |ae H (M)}

1
1

Proposition 3. Let M be ann-dimensional manifold,
letw, € H*(M;Z/2) be its highest non-trivial
Stiefel-Whitney class, and lét< n — 1. Then

wrw,, & Im(a).
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. Calculations for R P"




H*((P")?) & Falty, ta] /(817 =137 = 0)
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H*((P")?) & Falty, ta] /(817 =137 = 0)

n
T i 2 S e A D L)
j=0

n—j

/Y /Y B/ n—i4J)+?

U; =tiu =tu = g iy 'ty
1=0
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. Calculations for R P"




w((Pn)Q) _ (1 _|_t1)n+1(1 _I_tQ)nJrl
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Dai((P")) = it

Theorem.

N(P™) > 4. 2lloe2nl _ 1 (2)

N Topological obstructions to totally skew embeddings -



Other results




* Product of real projective spaces

Topological obstructions to totally skew embeddings -



* Product of real projective spaces

o« Grassmannians
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Thank you for attention!
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