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ADMINISTRIVIA

=Homework 0 1s due 9/20 (next Monday)

= Starting from Homework 1, collaboration up to 2 people
= Open-everything

=Gome to the office hour tomorrow!

= Again, STOP me anything you have questions




WHERE WERE wﬁ/s
= Wind,(P) )

=Discrete homotopy (vertex moves)

) /@‘/3 m

=LEMMA. Wind,(P) is invariant under safe vertex moves.
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THEOREM. Two polygons P and ( are homotopic in R*\q
if and only if they have the same Wind . rop oo
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TAKEAWAY.
Planar curve in punctured plane is described by
Htimes 1t goes around the puncture.



REMARK. The punctured plane R%\q is different from
the plane as spaces.







SWITCHING VIEWS

= Generic




UNTENGLING
GERDENING HoSE

Can you untangle the hose
without lifting or twisting?

(Cables magically pass
through each other)




ROTATION NUMBER
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DEFINITIONS

-Homotopy moves

=~ Q=AY

=Regular homotopy R 3 <3

o»\b 2> waves
ORION

3035 €
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WHITNEY-GRAUSTEIN THEOREM e 105 5oy 1901 e

Rny two regular curves are reqular homotopic if
their rotation numbers are the same.




PROOF OF WHITNEY-GRAUSTEIN THEOREM

=Rotation number is invariant under reqular homotopy:

5T
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PROOF OF WHITNEY-GRAUSTEIN THEOREM

=Turn generic curve into canonical curves (QRot®)
= Step 1. Shrink an arbitrary loop Sef. uariexX 3

%%@®
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PROOF OF WHITNEY-GRAUSTEIN THEOREM

=Turn generic curve into canonical curves (ot(©:
= Step 2. Move empty loop to outside

.9\\ -%;L@ =
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PROOF OF WHITNEY-GRAUSTEIN THEOREM

=Turn generic curve into canonical curves (ot(©:
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PROOF OF WHITNEY-GRAUSTEIN THEOREM

=Turn generic curve into canonical curves (ot(©:
- Step 4. PROFIT

0 L&

@\fi_) Mo} ‘(\\‘Tbtm& @


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang



TAKEAWAY.
Planar curve can be described by how many
times 1ts derivative winds around the origin.
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F00D FOR THOUGHT.
WIND, and Rot are really the same. Why?









GEUSS SIGNING AND WRITHE
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PROPOSITION. Rot(C) = ZWde(C) + Writhe(C). cons

SQ \S 1 d,\.U_S& ‘dr\{__ cnvwc:a‘9\ @r NV A @QSUQD
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STRANGENESS (- oo

- $t(C) = D> sgn(x) - Wind (C)

vertex x

StQ)=-2.¢ 1 ¢ 1= @



Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang


Hsien-Chih Chang



THEOREM. Some generic curves require {(n%) reqgular
hOIIlOtOpY moves to untangle. [Nowik 2009]

Sow=1 S ow=1 A w+l 2w+l

Nowt+l S SowHl s owtl S . w1

..................




THEOREM. Some generic curves require {(n%) reqgular
homotopy moves to untangle. owwixzo0e
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CANONICAL CURVES < $t0) = 3 squ(x) - Wind, C)

vertex x

64_

0 @

G(©) = kL

St(C)= Lo %)

©
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COMING UP NEXT WEEK.
GOING UPWARDS, ONE-DIMENSION HIGHER.



SMOOTHING AND SEIFERT DECOMPOSITION ..




SMOOTHING AND SEIFERT DECOMPOSITION (o ~1628




