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2. (25 points) A ball is attached to a train moving at constant angular speed w on a vertical
circular track of radius R as shown in the figure. The position of the ball at t=0 is given as
x(0)=R and y(0)=0.

(a) Express x(t) and y(t) in terms of R,,t.
Constant angular velocity => 0(t) = ot
x(t) = R cos(wt) (2 pts)

y(t) = R sin(wt) (2 pts)

(b) Express vyand vy, the horizontal and vertical components of the ball's velocity, in
terms of x and y.

vy = dx/dt = -oR sin(wt) = -0y (3 pts)
vy=dy/dt = ®R cos(wt) = ox (3 pts)

At a certain point (X;,y1) between (R,0) and (0,R), the ball is released. From this
moment on, it performs a projectile motion which peaks at x=0 and falls back on the

track at (-x;,y1). The downwards gravitational acceleration is given by g.

(c) Using (b), calculate the time of flight of the ball in terms of xy, y;, R, g, W (you
may not need to use all).

[Vy| = g(taign/2) (3 pts) => taign = 20X1/g (2 pts)
Alternatively: 2X1 = |VX| tﬂight = ((J)yl) tﬂight => tﬂight = 2X1/(Dyl (2 ptS)

(d) Find x4, y1 in terms of R, g, w. (Hint: Consider the distance traversed in the x-

direction during the flight)

2X1 = |[Vy taigne = (0y1)(2wx1/g) (3 pts) =>  y1 =g/’ (2 pts)
xi = sqrt[R? — (g/0’)’] (2 pts)

Alternatively: |vy| = g(thign/2) => ©X1= gxi/0y; ...
(e) What is the minimum angular speed for which the above scenario is possible?

yi=g/o> SR => o2sqrt[g/R] (3 pts)
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