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1 Magnetic field distribution

Magnetic flux density (T)

Figure 1 Coordinate system with respect to magnet and the field distribution in the vicinity of magnet simulated from
COMSOL after calibration with glass fiber.

In the region 0 < x < 1 mm, - 0.5 <y <2 mm, the magnitude of magnetic field can be well

approximated by the following function,:

B(x,Y)

B, { f (e, x) = —0.18(ex, x)? +0.028(cx, X) + 0.47 O

T (@) @y + 9@ )F | gle,x) = 0.34(c, X)? —0.024(ct, X) +1.09

Both coordinates are normalized by the curvature of the magnet pole a,=1000m™. Magnetic

field right at the magnet pole was obtained as By=1.1T is.

The coefficients for the polynomial functions f(amx) and g(amx) were estimated through the
following procedures. First, the x-coordinate was fixed and parameters f(anX) and g(omx) were
taken as the adjustable ones. These parameters f(amx) and g(emx) were found by fitting the

magnetic field with Eqg.(1). Repeating this step for different x , we obtained a series of f(anX),
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g(amX). Then, these two data sets were fitted with the second order polynomial to determine all

the coefficients.
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Figure 2 Magnetic field distribution. Black points are the simulation results from COMSOL after a calibration with glass fiber.
Colored surface represents Eq. (1)

Figure 2 shows the magnetic field distribution. Black points are the simulated ones with
COMSOL after the calibration with glass fiber. The colored surface calculated with Eq.(1)
agrees well with the field obtained from the FEM calibration.

2 Magnetic force applied to the droplet

2.1 Direction of magnetic force
The magnetic moment of droplet is measured by AGM 2900 and the relation follows the

Langevin function:
m(B) = afcot(fB) - —] a=Nu,f=—t @
BB kT

The magnetic force can be determined by combining eq.(1) and the following equations:
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Figure 3 The ratio between x-component and y-component of the magnetic force. Our experiment is conducted within the
region bounded by the dashed rectangle

Figure 3 shows the F, / Fy ratio in the vicinity of the magnet pole. Our experiments were
conducted within the region bounded by the dashed rectangle. In this region, the ratio |F,/F,| was
less than 0.05. Therefore, for the interpretation of our experiments, it was safe to ignore the x-

component of magnetic force.

2.2 Magnitude of magnetic force along the y-axis
The magnetic force along the y-axis was calculated by Eq.(3). It can be well approximated by the

following equation:

E

F= 0 4
" (By+Y) @

Pm Wwas taken as an adjustable parameter to fit the numerical data points shown in Figure 4. The
solid curve shows an excellent match with the numerical data. Hence the dipole-type

approximation of magnetic force is applicable for our experiment.
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¢ Numerical result

0.8 —Eq.(4) with _=425m’
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Figure 4 The distribution of magnetic force along the y-axis. The circles represent the numerical calculations with Eq.(3) and
the solid curve corresponds to the fitted curve with Eq.(4)



