
Problem 6. Charges in B (5 points)

i. (1.5 pts) In the magnetic field, the particle moves along a circle of radius R,
such that the Lorentz force qvB = mv2/R, hence R = mv/qB. Outside the magnetic
field, the trajectory is a straight line, see Fig. For the period of circular motion,
y = R−R cos(ωt), for the rest of the time, y = 0 or y = 2R.

ii. (3.5 pts) The second particle follows the first one by being delayed along the
trajectory by the same distance as it was originally. Once the first particle enters the
magnetic field, the geometrical distance starts decreasing and achieves a minimum,
when the distance changing rate swaps sign, i.e. reaches zero (at least for a single
moment). In that state, they move as if being a part of a rigid body, i.e. the distance
to the instantaneous rotation center (which would be the intersection point of the
perpendiculars to the velocity vectors) must be equal for both particles (because the
velocities are equal). It is easy to see that this equality of distances is achieved precisely
when the second particle also enters the field and remains satisfied as long as both
particles stay there. When the first particle exits the field, the distance starts increasing
symmetrically to how it decreased before. The resulting graph is sketched in Fig; note
that the curve is smooth; indeed, non-smooth joints of segments would imply infinite
second time-derivative of the distance, i.e. infinite acceleration and force.

Once both particles are in the field, they are on a endpoints of circle segment of
arclength L0. So, the distance Lmin = 2R sin α

2 , where the angle in radians α = L0/R.
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