
Figure 1. ...

Figure 2. ...

The equation of particle’s motion is

ma = N +mg +B × v, (∗)

here N = Nr/r – is a reaction of the rod.
Introduce a moving frame Oξηζ, such that axis Oζ coincides with Oz.

The frame Oξηζ rotates about the axis Oζ with angular velocity ω = ωez.
The constant ω to be determined.

Let ae,ve stand for the acceleration and the velocity of the moving frame;
ac is the Coriolis acceleration; vr,ar are the velocity and acceleration of the
particle relatively the frame Oξηζ. We have

a = ar + ac + ae, v = vr + ve,
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and
ae = ω × (ω × r), ac = 2ω × vr, ve = ω × r.

Substitute these to the equation of motion

mar = N +mg +B × (vr + ω × r)−m
(
ω × (ω × r) + 2ω × vr

)
.

To get rid from the gyroscopic terms in the last formula choose

ω =
1

2m
B.

It follows that

mar = N +mg +
1

4m
B × (B × r).

The last equation possesses the energy integral
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m|vr|2 + V (r), V (r) = −m(g, r) +

1

8m
|B × r|2.

This is checked by direct calculation. In the vicinity of the North Pole we

have r = ξeξ + ηeη +
√

r2 − ξ2 − η2eζ , and

V =
(B2

8m
− mg

2r

)
ρ2 + o(ρ2),

as ρ2 = ξ2 + η2 → 0. QED


