
shape equation and in-plane strain equations

• Shape equation

• In-plane strain equations



• Special example: spherical cell membrane 
with homogenous strains

R is the radius of the spherical surface



Mechanical stability

• 2nd order variation of free energy (sphere)

(Hodge decomposed theorem)



• Expansion of spherical harmonic functions

Quadratic form



Critical pressure



• kd=0,                         , ~ spherical lipid vesicle [Ou-Yang & 
Helfrich 1987 PRL 59 2486]

• Classic shell: c0=0, kd~Yh, kc~Yh3, R>>h, pc~Yh2/R2

• Membrane skeleton enhances the mechanical stability of 
cell membranes, at least for spherical shape



Summary



• Several problems in the elasticity of
biomembranes, smectic-A liquid crystal, 
and carbon related structures are discussed

• Variational problems on 2D surface are 
dealt with exterior differential forms

• Elasticity and stability of lipid bilayer and 
cell membrane are calculated and 
compared with each other.
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