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DIFFICULITIES

No explicit formula for the perimeter of double bub-
bles.

RESULTS I

e e noe ¢ 9 o : (Coexistence) Given I'y1, I'ss, K; and Ky > 0,
et g, ‘; s L IEe ' and I';2 = 0, there exist M; and M5 such that any

' = e " | A Binary Non-Local Isoperimetric Problem: minimizing Confi.guration has at least K; double
Find a subset 2 of D, such that |2| = w|D| to minimize bubbles and K single bubbles.

ISOPERIMETRIC PROBLEMS

DIVERSE PATTERNS

An Isoperimetric Problem:

Find a subset 2 of D, such that |2| = w|D| and the perimeter of 2 in D, Pp(2), is the smallest.
(Here D C R™: abounded domain. w € (0,1): a parameter. Pp(Q2) := [, |Vxal|, where

fD Vxa| = sup{fD xo divgdr:g= (g1, ,g9,) € C}(D,R"), and |g(z)| < 1 forx € D})

B l B B (All single bubbles) Given I'y; > 0, T'es > 0,
Tp()) = Pp(§) + 2 /D/DG(a:,y)(xQ(a;) w)(xaly) —w) dedy. My, > 4M;, My > 4M;, there exists a threshold

I']5 such that for all I';2 > I'],, any minimizing
(Here D C R™: a bounded domain. w € (0,1),y > 0: two parameters. G(z,y): the Green’s function of —A. configuration has no double bubbles.

~AG(,y)=6(-—y)— 5 in D, 8,G(-,y) =00ndD, [, G(z,y)dz =0.)

| D
BLOCK COPOLYMERS (One dOUbl;g bubble) Given 1, M; <
. . min{m},7I",.”’"}, « = 1,2, and sufficiently small
Wlllen two orhd%fferenic monam;rs umti? together to A Ternary Non-Local Isoperimetric Problem: I''s > 0 such that % MMy + p(My,M,) <
pO ymel‘lze, their result 1s (Ea. cd a COPO ymer. Flnd Ql C D7 QQ C D, SU.Ch that |Ql‘ — W1 |D|, ‘QQ‘ — (UQlD‘, ‘Ql M Q2| — O, to m].n].mlze 2\/77-(1 /Ml —+ /M2)7 then there 1S a unlque mlnlm]_zer
Copolymers can be classified based on how the
. made of one double bubble.
monomers are arranged along the chain. 13 2
i 21,8) = = 2 - () — w; () — w; .
e Alternating copolymers Jr (21, Q2) > Z Pp(£2;) + Z > /D /D G(z,y)(xa, () — w;)(xe, (y) — w;) drdy Behaviour as 7 — 0:
e Random copolymers i=1 i,j=1
e Block copolymers : , I
poLy (Here D C R™: a bounded domain. w;, wy both in (0,1). Moreover w3 = 1 — (w; + ws) € (0,1). v = * Firstlevel: E;, = Eq.
—A—B—A—B—A—B—A—B—A—B— Y11 Y12 . . L
iy Ao : a 2 by 2 symmetric matrix. ) e Second level: F,, — Iy,

—A—B—B—B—A—B—A—B—A—A—
RESCALING Minimizers at 1 level:

—B—B—B—B—B—A—A—A—A—A—

Let v} = 1~ ?xq, be minimizers of E, for all > 0.

Due to the repulsion between the unlike monomers 1 2 2 Th -
/ Vi en, there exists a subsequence n — 0 and K € N
the different type sub-chains tend to segregate, but E(u) = 9 ; /TF . V| + Z 7] /T 2 /T . Gz —y) ui(z) u;(y)drdy. such that: )

as they are chemically bonded in chain molecules, 1,j=1

segregation of sub-chains cannot lead to a macro- - 1 K

575 : : Regime with two vanishing minority constituents: [, u; = n*M;, i = 1,2, n < 1. 1. There exist connected clusters A°,...,A™ in
scopic phase separation. Only a local micro-phase - T | R? and points 25 € T2, k — 1,..., K, for which
separation occurs. Rescale u; as v; , = n~*u;. Thus [1,v;, = M;. Choose v;; = Tog e L ij- 7 )

n—0

J&U : Rescaled Energy: 2| A Ueey (nAF + ry)| — 0;
P . 2. Each A%, k = 1,..., K is a minimizer of ey(m”),
1] o

\ | 2 2
%, ' \/&1/ Ey(vg) = ;E(u) D) Z/W Vil + Z 2[log 1 /1r2 /1r2 G (2 — y)vip(@)v)n(y)dedy. mF = |AF|; Moreover, eg(M) = lim, .o E,(v,)
N i=0 '

1,1= K
2—\ = ZkZl €0 (mk)
k — 2,k k . .
Let 27, () = mviy (nz + ), caleulation yields 3. 2k 220% ok vk = 1. K. {z',..., 2"} attains
SN 2 T t?f{mfnimun}((}?f ]-}%gyl, oyidmt, o, mB YY) over
COMMERCIAL USES Bolon) =2 | 3 2 [, V2l + 2 rmimy |+ O(llognl™),
= i= i,j=

Wine Bottle Stoppers, Jelly Candles, Outdoor Cov-
ering for Optical Fibre Cables, Adhesives, Bitumen | | Consider e5(M) = inf {> 7 eo(m®) : m* = (m§, m5), mf > 0,52, mi = M,;,i =1,2}, where ey(m) =

CURRENT AND FUTURE WORK "R

5 =

Quaternary systems. Higher dimensions.

Modifiers, or in Artificial Organ Technology plmy,ma) + 37 . ZHIME g — (g mg).



