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- Entropy conjecture
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Manning's theorem

X = compact manifold

[.:n,000) = H(xE)

A eigenvalue of | ~then \I\'b"i’ (—Q) > fczé |A |

Example: 4‘52 SL—*SL I—P4 (54;@) =
2
[ ,g: . Cc—C
*
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Other compact sets?

H£(><;Z)=o

Extension of Manning?

Cech type theories have a word:
ROGK) 2K Koa L
0, HE) =) ey ()3 092
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Cohomology >> Homology

: A A A :
C: S
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Manning's theorem (classical)

X = compact manifold

[,om,(x;0) > H(x:C)

A eigenvalue of | ~then \’\.,mP (—U > fcza* | A |

Manning's theorem (revisited)

X = compact and locally connected

.(:*: \\34'(%;(]:\ _"’\\-fli(X'; (C)

A eigenvalue of | then \’\.,mP (—U > faa* | A |
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Manning's theorem (classical)
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X = compact manifold
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Manning's theorem (classical)

X = compact manifold

.(j*: \44_()(,'(\ - H«(Y/' C)
A eigenvalue of | ~then \’\.,mP (—U > fcza* | A |

Manning's theorem (revisited)

X = compact
.(:*: \\34'(%;(]:\ 7 \\-fli(X',- (C)
Log | A

A eigenvalue of 4; then \’\.,mP (-U > G n

where d = degree of A as algebraic number



Text Box
Manning's theorem (revisited)


Text Box
λ eigenvalue of       then 


Text Box
where d = degree of λ as algebraic number
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Manning's theorem (classical)
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X = compact manifold
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ldea of Manning's proof:
Bound length of paths {\(“'v f\(a’) :ne N ll

@Mﬁ\:\/\ (Yn) g Stae)
Our setting:

How do we measure "length" of a (Cech) cocycle?
Or of a (Cech) cycle?

Is there a natural pairing H*[K,-d:) « R (X €) —C& 7

More dramatic:
how to describe intrinsically a (Cech) 1-cocycle?
1-cycle?
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Text Box
More dramatic:
how to describe intrinsically a (Cech) 1-cocycle? 1-cycle?


Text Box
Is there a natural pairing


Text Box
Our setting:
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Idea of Manning's proof:
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Integration in singular homology/cohomology

v Singular cohomology H:;(H)
RPN @ Cocycles = closed differential forms
& Singular homology
/¢ forms can be Cycles = submanifolds

integrated along
(smooth) simplices

W (1)« R () — K
(1) [)) b= Juo

De Rham: bilinear non-degenerate pairing

Goal: pair Cech homology/cohomology via integration
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Cycles = submanifolds
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Singular homology
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Singular cohomology


Text Box
Cocycles = closed differential forms
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forms can be integrated along (smooth) simplices
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De Rham: bilinear non-degenerate pairing
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Cech cohomology after Alexander-Spanier

1-cochains: ¢§ Xx X — C + only care behavior close
(%, Xq) ¥ ¢(><°,x4_) to diagonal

%¢f X % )(x )(—-) (E
ggﬁl&,x.,x,,) - ¢[x,.x,,) — c}:[xo,x,,) + @ (%o, xk_)

1-cocycles: %¢_—_o U Xo1X,X, ose lose.
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Text Box
1-cocycles:
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only care behavior close to diagonal


Text Box
1-cochains:
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Integration of 1-cocycles = Riemann integration

QS:)(xX‘H\K ¥ 3

(rage- of) 1-cocgtes T b0 bully

X

O ; %¢ (6% %2) = P (%03%) - gb(x, XZ) (%, KO

iL X)Xy Xy O cQgS—GL

Integral along | :

J ¢ - qﬁ(x’xi) +¢ (X“XL)J' -oo X ¢(xm,é> 2
¥ _

————~
S Plomy + o T plng) T

Independent of the partition if small enough
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Integration of 1-cocycles = Riemann integration



























































































































































Text Box
Integral along












































































































































































































































































































































































































































































































































Text Box
Independent of the partition if small enough


Cech 1-homology after Vietoris

u fixed open cover of >(
scale below which topology is disregarded

1-cycle = comb. of (% x\) + (%, x,’) + ...+ (x‘t ¥o>

&,@, s & (x xu)eWi€ (58

?(Xi xi*'> = X~ X

A u-on!L'l- {_OJ-/A 9( |2v)= WZ2) ~ (22
H/\ ()() : 5//%‘ e (22> {ZD%L) (20 )
Vsswoll A -bowdoriens LL@
| V ™
@:;n R L@() > \—Q&_(Xj

V— - refinement of cycles (finer partition)
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Cech 1-homology after Vietoris
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scale below which topology is disregarded

























































































Text Box
refinement of cycles (finer partition)


Text Box
1-cycle = comb. of


Text Box
fixed open cover of 










Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez



Luis Hernandez




Integration of 1-cocycles over 1-cycles
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Integration as a pairing

Theorem

R € \:/{«.(X’@) — ¢
4, =l +— f¢
§

is a well-defined non-degenerate bilinear pairing

The pairing works for any dimension:

~/

H*(X,'(L) is dual to ]\:\*()(,-03

and conversely (if finite dim.)
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Refinement of 1-cycles

o&smﬂLU,
(><°’<')‘ (o) + (gen) * (gaga) + -

)Qm.&(vuw Z/L

T ('-ak X4>
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Sketch of proof of Manning (revisited) - case locally conn.
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