
 

ErTheorisofGtA
Last lecture we introduce GFA from
a discrete perspective of particle packing
e.g triangular tetrahedral order

In this lecture we introduce continuum
theories of stressed equilibria of GFA

Here we will see howground states develop

gradient order that varies with domain size

DOF spatiallyvaryingorder parameters

Brokensymmetries continuous DOF

orientational rotations
LCS

positional
crystalline

displacements



Ex 1 Incurrence
refs NelsonsPoliti J Phys 1987

Place Cosa it shows

µii.i.iii.is
normal

x g h x y tangent

in

ñ in tangentplane E E Ñ do L

ñ cost sinta éz
When computing strains we will focus
on intrinsic gradients i e changes of
in infentplane
intrinsic derivatives
GDiñ din NCN.sn
note extrinsic terms can also be important
Helfr.ch rost FRA1988 Mackintosh Lubensky PRL1991



Let's analyze components of Din in Ez basis

E Din E d sinte costE cost did sint die

sint 2,0 I die cost Édie
Like wise 2

2
2 did 0

E Din cost dot I did

E die since dice ie E die

Ez d 0

Spinconnection framerotations

Ai E diil di d

Din Nin 2 O Ap
notation of trane

sint cos
s changes

Mermin Ho relation gradients curl of Ai
are constrained by KG

Let's see this by direct calculation Tangent
vectors of surface not I Ii
IE I Jahi J E g 2,4



Construct frame vectors E
pto order10412 21

EFI 1 2.45 the 2 4245

E S 1 ash 2 he Jah2,4x ̅

N E iii ill t.ch I if of
not to order at

d E E 3h did hi did hi di ah 4 I

A E die 2 4didgh 2 2 42,4

A.EE 2xhdi2yh dyhddhI
Consider 2D curl

A 2nA 2 Ax
2 24254 2,4244 2,12 422,4 1h24

254254 2 42 4 dash 2,48h
2 d h 2 4 4 dihdo'h 35th
22h23h 2 2,4 det kg



curvature tensor

Kij 2,2h
neat independent

A must have gradients if Koto neatter
choice sin This a way of

encoding incompatibility between straight
parallel curves on non Euclidean surfaces

To see consequences consider 1 constant

approximation K K kt

F E d dying Din Din g fi
I dady 010 A small slopes

This encodes frustration Why
Ground state favors A O

However Dx 0,0 A YIÉ AXA 12640
Dlstrain



Ex Nematicdomain on

sphere paraboloid

has h

Ax LdWjh 2h 22h 1

Ay 2

A C yx ̅ xj E I
B A 1 1

F A O

Minimize F II 110 A 726 0

B C tree 0 0 A ftp io
ax by t cxy d

aeb c O RE ftp.w

OQ0 cc

Is solution uniform NI IF F rKG



0 compute and sketch field
lines where's splay bend

IAI titi 24

F dA Al fdd draft
4w 4

α kicare
super extensize

grows faster than
Area

E.nl
geatensiveFaCArea

of continuumtheory
referring back to M Moshe's lectures
on plate elasticity



Eel Estron Enend

2 DALE B 2H

Itress mean curvature
2D strain

HE 7124 Kathy
i jzgy in plane ref coords

4 in i ice
displacement

Eij 2in dju 2 42 n

n dx I 6h

Euler Lagrange eg ha fixed to sphere

8 2 05 0 0

51 it 249shear
OxyOyx 01 3 components

2 O d 6 50 2 equations

1 compatibility

22g 252 2 dad Exy dad ih 254
det ki K



Can use Gij and dio.jo to show

KG Ya
2D Youngs modulus

Oij EieEjmdedmX
2 OKK R X 1141 KG

Here second derivative of strain i e Okkly
is proportional to Ko frustration

Axi symmetric solution show as exercise

Orr
pe

w r 00
w 3m org 0

free BC
satisfies oil.it

fetgfino

sina.cn
was

2T R sin 00020 compressive

Estrain E dAE.jo Jdrr YGw 4
αY Area KE



LC αKa w

density

guestation
LC orientationstrain α Kow

crystalfpositionstra.DK 2
why is this
higherpower


