1.5. A particle of mass m is projected with initial velocity vpe; from the top of the cycloid
r=R(#+sinf), y=R(l+cosl), 0<O0<nm

drawn in the figure. Before moving on to study the motion of the particle, it is convenient to become
acquainted with some basic properties of cycloids. Prove that the slope of the tangent dy/dx to the
curve at the point P specified by an angle 6 is -tan(6/2). The distance ds between two points (x,y)
and (z + dz,y + dy) is given by ds® = dz? + dy?. Show that, if the points are on the cycloid, this gives
s = 4Rsin(#/2). Use the definition p = ds/d# of curvature radius to prove that p = 2R cos(#/2). Note
that the angle formed by the y-axis and the OP segment is not linearly related to 6.

Assume now that the only force acting on the particle is the Earth’s gravitational force -mges. As
long as the component of the gravitational force in the normal direction to the curve is larger than the
centrifugal force the particle stays on the curve. At the point where the centrifugal force become larger,
the particle leaves the cycloid and jumps into space describing a parabolic shot. Write the equations of
motion while the particle is on the cyeloid. Find the angle # at which the particle leaves it. Find the
initial velocity for which there is no sliding over the cycloid and motion is parabolic from the beginning.
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