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Table 1: Definition of Variables Used in the Genetic Algorithm Codes.
Variable Definition
c vector listing inequality constraints on the director components
c eq vector listing equality constraints on the director components
consfcn name of function containing constraints on the director components
d distance between the substrates in µm
delta d distance between calculation points in µm
deltachi electric susceptibility anisotropy ∆χ
dn x partial derivative of nx with respect to z (ny, nz also)
fval value of objfcn after minimization
k 1, k 2, k 3 splay, twist, and bend elastic constants, respectively, in pN
epsilon0 permittivity of free space ε0
factor value of ε0∆χ(V/d)2

lb vector listing the lower bounds of the components of the director
n components of the director (both x- and y-components)
nvars number of calculation points of the director components
n x x-components of the director (y-, z-, and r-components also)
n x b x-components of the director plus boundary points (y, z, and r also)
n x 2 x-components of the director for the second half d (z also)
objfcn name of function to be minimized
n x s average value of nx between calculation points (y, z, and r also)
r s average value of the radius between calculation points
ub vector listing the upper bounds of the components of the director
V voltage applied across the substrates in V
W0 planar anchoring strength in µJ/m2

y value of objfcn
y s value of the splay contribution of y (twist and bend also)

2



Hybrid Cell

% Genetic Algorithm to Minimize Free Energy
g l o b a l nvars d e l t a d k1 k3
nvars = 9 ; d = 10 ; d e l t a d = d/( nvars +1) ;
k1 = 6 . 4 ; k3 = 10 ;
ob j f cn = @energyHybridP ;
lb = ze ro s ( [ 1 nvars ] ) ; ub = ones ( [ 1 nvars ] ) ;
cons f cn = @constraintsHybridP ;
opt ions . Funct ionTolerance = 1.0000 e−07;
opt ions . Const ra intTo le rance = 1.0000 e−07;
opt ions . Popu lat ionS ize = 200 ;
opt ions . CrossoverFract ion = 0 . 1 ;
[ n x , f v a l ] = ga ( obj fcn , nvars , [ ] , [ ] , [ ] , [ ] , lb , ub , consfcn ,

opt ions ) ;
f v a l
n x b = [ 1 n x 0 ] ; n z b = s q r t (1 − n x b . ˆ 2 ) ;

% Free Energy Function to be Minimized
func t i on y = energyHybridP ( n x )
g l o b a l nvars d e l t a d k1 k3
n x b = [ 1 n x 0 ] ;
dn x = d i f f ( n x b ) / d e l t a d ;
n z b = s q r t (1 − n x b . ˆ 2 ) ;
dn z = d i f f ( n z b ) / de l t a d ;
y = d e l t a d ∗sum( k3∗dn x .ˆ2 + k1∗dn z . ˆ 2 ) /2 ;

% Const ra in t s During the Minimizat ion
func t i on [ c , c eq ] = constra intsHybr idP ( n x )
c = [ ] ;
c eq = [ ] ;
end
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Frederiks Transition

% Free Energy Function to be Minimized
func t i on y = energyFreder iksP ( n x )
g l o b a l nvars d d e l t a d k1 k3 f a c t o r
n x b = [ 1 n x 1 ] ;
n x s = 0.5∗ d i f f ( n x b ) + n x b ( 1 : nvars+1) ;
dn x = d i f f ( n x b ) / d e l t a d ;
n z s = s q r t (1 − n x s . ˆ 2 ) ;
n z b = s q r t (1 − n x b . ˆ 2 ) ;
dn z = d i f f ( n z b ) / de l t a d ;
y = d e l t a d ∗sum ( ( k1∗dn z .ˆ2 + k3∗dn x . ˆ 2 ) /2 − ( f a c t o r ∗

n z s . ˆ 2 ) /2) ;

% Genetic Algorithm to Minimize Hal f Free Energy
g l o b a l nvars d d e l t a d k1 k3 f a c t o r
nvars = 10 ; d = 2 ; de l t a d = d/( nvars +1) ;
k1 = 6 . 4 ; k3 = 10 ;
e p s i l o n 0 = 8 . 8 5 4 ; d e l t a c h i = 11 ; V = 1 . 5 ;
f a c t o r = e p s i l o n 0 ∗ d e l t a c h i ∗V∗V/2 ;
ob j f cn = @energyFreder iksHalfP ;
lb = ze ro s ( [ 1 nvars ] ) ; ub = ones ( [ 1 nvars ] ) ;
cons f cn = @const ra in t sFreder ik sHa l fP ;
opt ions . Funct ionTolerance = 1.0000 e−07;
opt ions . Const ra intTo le rance = 1.0000 e−07;
opt ions . Popu lat ionS ize = 200 ;
opt ions . CrossoverFract ion = 0 . 8 ;
[ n x , f v a l ] = ga ( obj fcn , nvars , [ ] , [ ] , [ ] , [ ] , lb , ub , consfcn ,

opt ions ) ;
n x 2 = f l i p l r ( n x ( 1 : nvars −1) ) ;
n x b = [ 1 n x n x 2 1 ] ; n z b = s q r t (1 − n x b . ˆ 2 ) ;
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Twist Cell

% Free Energy Function to be Minimized
func t i on y = energyTwistCel lP ( n x )
g l o b a l nvars d e l t a d
W0 = 2 ; k2 = 4 ; n y = s q r t (1−n x . ˆ 2 ) ;
n x s = 0.5∗ d i f f ( n x ) + n x ( 1 : nvars −1) ;
dn x = d i f f ( n x ) / de l t a d ;
n y s = s q r t (1−n x s . ˆ 2 ) ;
dn y = d i f f ( n y ) / de l t a d ;
y V = ( d e l t a d /2)∗k2∗sum ( ( n y s .∗ dn x−n x s .∗ dn y ) . ˆ 2 ) ;
y S = (W0/2) ∗( n y (1 ) ˆ2 + n x ( nvars ) ˆ2) ;
y = y V + y S ;

Escaped Radial Cylinder

% Free Energy Function to be Minimized
func t i on y = energyEscRadialP ( n r )
g l o b a l nvars d e l t a r k1 k3
n r b = [ 0 n r 1 ] ;
r s = ( [ 0 : nvars ] + 0 . 5 ) ∗ d e l t a r ;
n r s = 0.5∗ d i f f ( n r b ) + n r b ( 1 : nvars+1) ;
dn r= d i f f ( n r b ) / d e l t a r ;
n z s = s q r t (1 − n r s . ˆ 2 ) ;
n z b = s q r t (1 − n r b . ˆ 2 ) ;
dn z = d i f f ( n z b ) / d e l t a r ;
y = d e l t a r ∗sum( r s . ∗ ( k1 ∗ ( ( n r s . / r s )+dn r ) . ˆ2 + k3∗

dn z . ˆ 2 ) ) /2 ;
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Twisted Nematic Display

% Free Energy Function to be Minimized
func t i on y = energyTNhalfP (n)
g l o b a l npts nvars d d e l t a d k1 k2 k3 f a c t o r
n x = n ( 1 : 2 : nvars −1) ; n y = n ( 2 : 2 : nvars ) ;
n x b = [ 1 n x ] ; n y b = [ 0 n y ] ;
n x s = 0.5∗ d i f f ( n x b ) + n x b ( 1 : npts ) ; dnx = d i f f (

n x b ) / d e l t a d ;
n y s = 0.5∗ d i f f ( n y b ) + n y b ( 1 : npts ) ; dny = d i f f (

n y b ) / d e l t a d ;
n z b = s q r t (1 − n x b .ˆ2 − n y b . ˆ 2 ) ;
n z s = 0.5∗ d i f f ( n z b ) + n z b ( 1 : npts ) ; dnz = d i f f (

n z b ) / de l t a d ;
y s = k1∗sum( dnz . ˆ 2 ) ;
y t = k2∗sum((− n x s .∗ dny + n y s .∗ dnx ) . ˆ 2 ) ;
y b = k3∗sum((− n z s .∗ dnx ) .ˆ2+(− n z s .∗ dny ) .ˆ2+( n x s .∗

dnx+n y s .∗ dny ) . ˆ 2 ) ;
y = d e l t a d ∗ ( ( y s+y t+y b ) /2 − sum( f a c t o r ∗ n z s . ˆ 2 ) ) ;

% Const ra in t s During the Minimizat ion
func t i on [ c , c eq ] = constra intsTNhal fP (n)
nvars = length (n) ;
c1 = ze ro s ( nvars /2 : 1 ) ; c2 = ze ro s ( nvars −2:1) ; c3 =

ze ro s ( nvars /2−1:1) ;
f o r i = 1 : 2 : nvars −1; c1 = [ c1 ; n( i )ˆ2+n( i +1)ˆ2−1]; end
f o r i = 1 : 2 : nvars −3; c2 = [ c2 ; n( i +2)−n( i ) ; n ( i +1)−n( i +3)

] ; end
f o r i = 1 : 2 : nvars −3; c3 = [ c3 ; n( i +3)ˆ2+n( i +2)ˆ2−n( i +1)

ˆ2−n( i ) ˆ 2 ] ; end
c = [ c1 ; c2 ; c3 ]
c eq = [ n( nvars −1)−n( nvars ) ] ;
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