
The inclination angle, !, between the flow direction and
the long axis of an elliptical approximation of a vesicle
image, and the excess area of a vesicle moving at a given
shear rate, were defined via image analysis in terms of
shape recognition using MATLAB IP toolbox [10]. Only the
systematic excess area, !", the elliptical part of the surface
area, can be measured experimentally, since the part of the

excess area stored in thermally induced undulations of the
vesicle membrane is below the optical resolution. So we
use !" instead of ". Besides, since we have measured ! at
sufficiently large shear rates ("T ! _#$outR3=kBT " 1),
the thermally induced undulations are negligible, and !" ’
" [2,10].

Dependence of the mean inclination angle averaged over
an ensemble, !0, on !" for different values of % are pre-
sented in Fig. 1 (here only part of the data is shown). The
measurements were conducted for vesicles with radii in the
range R # 3–14 &m, shear rates _# # 3–12 s$1, and vis-
cosities of inner and outer solutions in the ranges $in #
9–12 cP and $out # 1:3–5 cP, respectively. Then "T " 1
and it varies in the range between about 30 and 3000. The
data for % # 5:3 shown in the inset in Fig. 1 exhibit a rather
large scatter of !. It appears mostly due to fluctuations in %
and less due to thermal fluctuations. For each curve with a
specific value of % up to 500 vesicles were investigated.
Then the data were divided into boxes that correspond to
certain values of !", and averaged over each box. In such a
way the dependence of !0 on !" averaged over ensembles
was obtained for each %. The dashed line is the theoretical
curve for % # 1 without any fitting parameter [2], and the
solid line is the result of the numerical calculations for % #
3:7 [6].

Figure 2 shows the same data for !0 presented as a
function of % for 4 values of !" that differ up to 10 times.
All curves show close to the transition to the tumbling a

FIG. 5. (a) Time series of snapshots of a vesicle in a trembling
motion with shape deformation oscillations. The parameters of
the vesicle and flow are: R # 8:4 &m, !"max # 1:0, % # 6, and
_# # 1:8 s$1. (b) Time series of snapshots of a vesicle in a

tumbling motion with strong shape deformations. The parame-
ters of the vesicle and flow are: R # 6:6 &m, !"max # 0:9, % #
8:4, and _# # 1:7 s$1. Numbers in the left corners of each image
are elapsing normalized, t _#, and the scale bars are 5 &m. (c) !"
as a function of !: open circles are the data for the vesicle in (b),
and full circles are the data for the vesicle in (a).

FIG. 4. (a) ! as a function of ! in tumbling motion; solid line
is the fit ! # A% B cos&2!' with the parameters A # $0:48
and B # 0:42. (b) ! as a function of time for the same vesicle.
(c) !", as a function of time for the same vesicle. The parameters
of the vesicle and the flow are: R # 4:7 &m, !"max # 1:1, % # 6,
_# # 1:8 s$1.

FIG. 3. %c vs !". Full circles with error bars are the experi-
mental data, open squares are numerical simulations [6], and
dashed line is the fit %c # &5:6( 0:1' !"$0:24(0:02. The inset: !! vs
%$ %c in tumbling motion regime. Solid line is the fit by !! #
a&%$ %c'b with a # 0:19( 0:01 and b # 0:36( 0:05.
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