ldeal curve flow
with constraints on lengtnh

Shinya Okabe
(Mathematical Institute, Tohoku University)

The 81st Fujihara seminar
“Mathematical Aspects for Interfaces and Free Boundaries”™
June 2—June 7, 2024 in Hilton Niseko Village, Japan




Bending energy Critical points
1 / 12 7 Gradient flows
Y

Stability
k : curvature, s . arc length parameter.

“Generalized” bending B
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|deal functional
1

E(v) = = /(881{7)2 ds,
2 Y
for v:S' :=R/Z — R*.
d
et eR)| = /VLZSE(WW& p € C(S",RY),
with ’ |
V2 E(7) = [—aﬁk ~ k20%k + ik(ask)ﬂ Y




Known results

1] Andrews-McCoy-Wheeler-Wheeler (2020)
Oy = =Vipz2 E(7y)
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N () Existence of unique global in-time sol
__(ii) Gonvergence to an w-circle



2] McCoy-Wheeler-Wu (2022)

Btv — —VL?LSE(’)/) -+ h(t)V,

h(t) = —— / [—(a§k>2 + g(kaskv] ds
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(L(~(t)) = L(v0))
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Aim Construct a gradient flow for E s.t. the |
f|OW COnverges to an |deal curve W|thout (A).

° L —gradlent flow Wlth Iength constralnt

et
Vo= {77 c [2(S',R?) | /ku-nds _ o}
Y
Then
Oy =—Viz E(y) + A({)kv € V = At) =



Oy = —Viz E(y) + At)kv,
f7 —(07k)? + L(kOsk)?| ds
[ k2 ds |
§

(1) =

(1) Existence of unique global-in-time sol.
(i) Convergence to an ideal curve ? 9

0y =
E(v) <1 0uY]

= (1 < |au’7(u7 i)| < CQa\V/(uv t) c S x [07 OO)
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® />-gradient flow with inextensibility condition

Let Vo : R/LZ — R* satisfy

Yo(z)| = 1.

Ory = 0y + 207(10;17057) + 0z (v0x)

82’72>—|—§ 82

+ 3102710z = F10291°
d
= —E(y( 1) =07, ., 10:7(2, 1) =1
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R/LZ — R=, =
) Existence of unique global-in-time sol.
1) Convergence to an ideal curve
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