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I. MODIFIED RESISTIVE FORCE THEORY * Current address: California Institute of Technology, The Divi-

FOR WOBBLING CELLS

Our approach closely follows Darnton et al. [I] and is
repeated here for convenience. The force and torque on
the cell body and flagellum are related to their transla-
tion and rotation by:
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where Fy,, Fy and 7, 75 are the force and torque on the
cell body and flagellum, v is the swimming speed of the
cell. wy and wy are the rotation rate of the cell body and
flagellum respectively. The wobbling of the cell with an
angle ¢ changes the drag coefficient of cell body which
changes the values of the cell body resistance matrix.
We assume that the cell body is a spheroid with length
2a and width 2b. The coefficients A, and D; are then

given as [1]:

Ap = —(Arsin®(9) + Ascos®(9)) (3)
and
Dy = —((D1 + a*A;)sin’(¢) + Dacos®(4)),  (4)
where
Ay = 32mpae’®/[(3e* — 1)E + 2], (5)
Ay = 16mpac®(¢)/[(1 + €*)E — 2¢], (6)

Dy = 32mpab®e®(2 — €2)/3(1 — *)[(1 + €2)E — 2¢] (7)
and
Dy = 321pab®e?/3[2e — (1 — €?)F), (8)
and g is the fluid viscosity, e = (a® — b?)'/2/a is the
eccentricity, and E = log[(1 +e)/1 — e].

The resistance matrix for the flagellum in Equation [2]
given by Resistive Force Theory (RFT) [2-4]:
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B =
T llog(5) + 3lumR2 + 2]

(10)

and

~ 2mplL x (A4nR? + 2p°)rg (11)
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where L is the length of the flagellar filament, p is the
pitch the helix, R and r are the radius of the helix and
filament respectively. The geometry of the cell body and
flagellum used in our calculations is given in Table[I]

The coupled system is force-free and torque-free [5]:
Fr+F =0 (12)
and
Tr+7=0. (13)

The swimming speeds are then solved assuming a con-
stant torque with varied wobbling angle.

TABLE 1. Typical geometric parameters used in cell swim-
ming calculations. Values taken from [II [4] [6]

Symbol Description Value
a Cell length 2.00 pm
b Cell width 0.60 pm
L Flagellum length 8.00 ym
P Flagellum pitch 2.00 pm
R Flagellum helix radius 0.35 pum
o Flagellum filament radius 0.03 um
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FIG. 1. Calculated swimming speed of bacteria E.coli with
different precession angles ¢ using modified Resistive Force
Theory [1].
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