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Question 1
A Particle on a Circular Track

As shown in Figure 1, a bead of mass m moves on a rough circular track of radius
R. The circular track is subject to a vertical motion

z = Asin(Qt), (1)

where A and () are constant. A vertical gravitational force acts on the particle.
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Figure 1: A bead of mass m moving on a circular track.

(a) Using a cylindrical polar coordinate system, show that the acceleration vector

of the particle is ' )
a = —Rf%e, + Rey — AQ*sin(Qt)E,. (2)

(b) What is the velocity vector v, of the particle relative to the circular track?

(c) Draw a free-body diagram of the particle.

(d) Show that the equations governing the motion of the particle relative to the
circular track are )
0

mR0 = —pq|N| T (3)

where _
N = —mR6b%e, + (mg — mAQ?sin(Q))E,. (4)
(e) Suppose that the particle is not moving relative to the circular track. For
this case, show that the force P exerted by the track on the particle is
P = (mg — mAQ?sin(Qt))E,. (5)

Give an explanation as to why the friction force is zero.



Question 2
Weightlessness

In the training of astronauts, a KC-135 plane is flown in a parabolic arc which
ranges from 32,000 feet to 36,000 feet in height over the surface of the Earth. For
several minutes during this flight, astronauts experience “weightlessness.”
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Figure 2: The parabolic path of the KC-135 above the Earth’s surface.
In this problem, the astronaut is modeled as a particle of mass m which is lying
on the floor of the cabin of the aeroplane.

(a) Derive expressions for the velocity v and acceleration a vectors of the astro-
naut. Your starting point should be to assume the following expression for the
position vector of the astronaut:

r = o, + (5o + O)E,, (6)

where « and (§ are positive constants.

(b) Assuming that & is positive, show that the unit tangent vector to the path
of the astronaut and the speed of the astronaut are

1
- - — i/ 2,2
e = T (E; — azEy), v=12Vv1+aie? (7)

(c) Draw a free-body diagram of the astronaut.
(d) Show that the force R exerted by the aeroplane on the astronaut is
R = m(g — a(i* + z%))E, + miE,. (8)

(e) The normal vector e, to the astronaut’s path and the plane’s path is
-

en = e ——

V14 a?x?

Using this result, show that the astronaut will start to lose contact with the floor
of the aeroplane when

E, + azE;). (9)

=2 (10)

You may assume that the normal to the floor of the aeroplane where the astronaut
is located is parallel to e,.
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