ME 104: ENGINEERING MECHANICS 1] Spring Semester 2016
Department of Mechanical Engineering ) February 29, 2016
University of California at Berkeley Professor Oliver M. O’Reilly
First Midterm Examination
Closed Books and Closed Notes
Answer Both Questions for Maximum Credit

Question 1
A Particle in Motion on a Horizontal Plane (25 POINTS)

As shown in Figure 1, a particle of mass m is free to move on a smooth circular track of radius
Ry. The particle is connected to a fixed point A by a spring of stiffness K and unstretched
length £y = 0. A gravitational force —mgE,; acts on the particle.

Figure 1: Schematic of a particle of mass m which is free to move on e circular track of radius Ry. A vertical
gravitational force —mgE, acts on the particle.

(a) Starting from the following representation for the position vector r,
r = Rye, + 0E;, (1)
establish expressions for the velocity vector v and acceleration vector a of the particle.

(b) Draw a freebody diagram of the particle in motion. Your freebody diagram should include
a clear expression for the spring force.

(c) Suppose that the particle is in motion on the track. Show that the differential equations
governing the motion of the particle and the normal force acting on the particle are

mRod = —KRy?77?, N = (14+77) e, +77E,. (2)
For full credit, supply the missing terms.

(d) Suppose that the particle is released from rest when 6 = 0. Show that the particle will
reach A with a finite speed that is proportional to \/g



Question 2
A Particle Moving on Plane Curve (25 POINTS)

As shown in Figure 2, a particle of mass m is in motion on a rough plane curve:
a
r=zE, + Eszy’ (3)

where « is a constant. A vertical gravitational force —mgE, acts on the particle. The curvature
and unit normal vector to the path have the representations:

! sgn (@)
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Figure 2: Schematic of a particle of mass m which is free to move on the upper side of e rough curve y = 0.5az2.
The case a > 0 is shown.

(a) Suppose the particle is in motion on the curve with £ > 0. Starting from (3) establish
expressions for the velocity v and acceleration vector a for the particle. Show that

1
v=xVv1+ 021‘2, e = \/ﬁ (Ex + a:cEy) . (5)

(b) Assuming that the particle is moving on the rough curve, draw a freebody diagram of the
particle. Give a clear expression for the friction force and assume that = > 0.

(c) Show that the differential equation governing the motion of the particle and the normal
force acting on the particle are given by the following expressions:

mvV1+a2z2i = mi®? —mg (77) — w777 N =m(g??774+7771)e,. (6)
For full credit supply the missing terms. In addition, establish a criterion for the particle to
remain on the curve for the cases sgn (o) = 1 and sgn (a) = —1

(d) Suppose that the particle is instantaneously at rest. Show how a criterion featuring y; and
« can be established which, if satisfied, indicates that the particle will remain at rest. Illustrate
your criterion with a sketch for the case a > 0.
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