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Fig. 3. Torus (left) and its formation curve (right).
T B JUART RN AR B TE AR, TR O BR (3) TT
LAMEN
[(2¢3r? — deor + 42 [k + 2pr® [ko) [ p°] cos® ¢
+ [(50(2)7“2 —8cor+10)\r2/kc+6pr3/kc)/p2} cos? ¢
+ [(4cgr® — deor + 8\r? ke + 6pr [ke) / p| cos ¢
+2/p% 4+ (c2r? — 1)+ 2(pr + M)r?/k. =0,  (5)

Hep = Rir. WFAHWRKNKp, (5):AL
Hcos™d(m=0,1,2,3) T A R NOR A
e R 2 TREBEIp = —2c0k./r? X =
co (4 —cor) /2r LA 2

p=R/r=V2 (6)

1990 4F, Ouyang "2 | R HLIS EFIE TiX—45 3
FEAR PR = AN A7) 1y s g L e 2 5100 i 45—

PR AN 2B B R 1 2 1 2 LU AR I R /2 1A A L
AMRIEIRTTE (3) 10— ANFFE, 3852 Willmore J5
P (V2H - 2KH +2H® = 0) (1 — g 1. k4t
Willmore 4 Wl % T+ = 4ERK 1 B3 25 18] P R AE A7 24
T, Pl 2705 AR AN N T 2n?, B
(BT T 248 B oA V2 G RT3 AN RS A e 2%
i Marques A1 Neves 7 ) FH 8 /) il T8 5F 5% 4% 38 )
Min-max Z i S Uik .

B 7 HAT O FRARR B TR R A, i
TR TTRE (3) IEAFAER A PRERTHIAR 18], LA
ALFR T Dupin P4 ¢k B 2 7 #2200

(22412 + 22 +a?— 2 — pu?)?
= d(az — ep)® +4(a> — ), (7)

Hra>p>c>0R&%ESH. FAMUTHIR
CECE RSOl ES: FIFEE i ES QI E U W AWN
(3) R BME Z AL %A p =0, A =0, ¢ = 0
p? = (a? +c?) /2. PIULAER: & S 50T DY ok B Sl
T 72 PR B30t 2 TR T 2 (3), & — MR IR I il
Hrfidt.

% HE Bl R SR A, AT R e Hl T mT DA — 2%
V-1 2 S8 2 e e 45 2.z th ey AR S Bk
N {pcosw,psinw,/tan¢dp}, Forr p 72 DU T
b SR AR (2 ) BOREES, o R B LA Z
fpIm A Ol 2, AROTEE (3) nT LAk ok 1)

]i+2il+(c0—h) <}5+%2}Z—2K>

Y cos ') = 0, (®)

Hrfh =siny/p + (sinep)’, K = sin (sinv)’ /p,
s Fon st p KA. Zheng A Liu 200 % 3 b %
AITEARTTRE (8) A4 AE B IR B2y, T RK AL I —Fr

188701-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 18 (2016) 188701

LR H T T
v~ (p0')? 2 [mv)’]’
- 7 (1= M
2 P ),
Ap¥ 2
el + S =, (9)

KA = sin, no AR HEL.
Naito 25 PU A5 3] 7 55 — > 5% T 20 41 i UM 4
TEHIREMTAR, 24 p = X = O, J5fEdl
p
{z<p> —2(0)+ [ tanv(e)d
0 (10)
siny = copln (p/pp)
WRTEARTTEE (3), A 2 (p) & 20 4 BT e 75 50 FR
PR SR T A AR B LR (D 4).
M0 < copp < e, FIRTTFEARER T XNTHEHE.

z

PB

B4 72 (11) il A AT A2 — > S IR A0 T 5]
Fig. 4. Sectional view of analytical solution corre-

sponding to Eq. (11) in one quadrant.

BEAh, ARTTRE (3) tAr (23 FAt A AT e, LL
V- 2oy g A TR TS5, (B H A AT RERT R B S
(P L, FE AN 18, SebR B, SFHRIETTRE
IR 0 N . F AT A BT
P RS9 PR 5 A R A BR T S AT Dupin PO VK (R £
HHT TR 75 R (10) K 7 X

3 JToREwEdA R

1998 4, Saitoh % 221 7E5050 FARERF] T I 1
FEYL, 51T I 1S~ 4 5 A Je 30 5 2% A R
Ft. Capovilla %5 P31 F B A7k A0 J3 45K &0 52
TIX— . Tu M Ouyang 24251 | 1 22 4315 G
T B AR 7 R AL 26 1

FF O30 AT fa 4k 9 an ] 5 B i s 1 i, 14
Frihkidh C, ALY M EILOA t, b5 ¢RIl vk
LR M TEE. IR H R e R IE N

F= / [%(2H+Co)2 + EK} dA+ A +~L,
(11)

Horb LA S M R, ~ oIt Hi R B i 5
ERLKI.

5 JFHERE E R &

Fig. 5. Schematic picture of opening-up vesicle.
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Abstract
Lipid membrane is a continuous barrier between cell and organelle, providing relatively separate room for the vital
biological reaction to take place and guarantee substance, energy and information exchange between cells and organelles.
Helfrich proposed a spontaneous curvature model to describe the free energy of lipid bilayer. This article reviews the
equations describing the equilibrium morphologies of closed lipid membranes and lipid membranes with free edge based
on the spontaneous model, and some analytic solutions are provided as well. The practicality of proving linking condition

for splitting vesicle is also discussed.
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