ME 104: ENGINEERING MECHANICS I Spring Semester 2018
Department of Mechanical Engineering February 22, 2018

University of Californic al Berkeley Professor Oliver M. O'Reilly
First Midterm Examination

Closed Books and Closed Notes
Answer Two Questions of your Choice

Question 1
A Stick-Slip Problem (25 POINTS)

As shown in Figure 1, a particle of mass m is free to move on the rough outer surface of a
spinning cone. The particle is subject to a vertical gravitational force. The coeflicients of static
friction and dynamic friction between the surface of the cone and the particle are denoted by
s and py, respectively. The position vector of the particle has the representation

r = (ro + scos{a)) e, — ssin (a) E;, (1)
where s has dimensions of length.
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Figure 1: Schematic of a particle of mass m that is free to move on the rough outer surface of a spinning cone.
The coordinate s and dimension ro are also defined in this figure.

(a) (5 Points) Assume that the particle is moving on the surface of the cone. Then, starting
from (1), establish expressions for the velocity vector v and acceleration vector a of the particle.

(b) (2 Points) If the cone is being spun with an angular speed = Q(t), then what is the
relative velocity vector v of the particle?

(¢) (5 Points) Draw a freebody diagram of the particle. Your freebody diagram should
include clear expressions for the friction force. Both cases of static and dynamic friction should
be represented.

(d) (8 Points) Suppose that the particle is stationary on the cone: s = sg. Show that the
particle will remain in this state if the following inequality is satisfied:

e lg—7| > \/ (17 + (1m0))

For full credit supply, the missing terms. Why is it also necessary for (2 < Trots

(2)

g cos(a)
o cos{a)) sin(a)

(e) (5 Points) With the help of the work-energy theorem E = F, - v, show that the energy
of the particle in (d) is changing at the following rate:

E=i (m(ro+Sucos(a))znz) . (3)

dt 2



Question 2
A Simple Suspension System (25 POINTS)

As shown in Figure 2, a particle of mass m is attached to a fixed point O by a massless rod of
length £. In addition to a vertical gravitational force mgE;, a spring force acts on the particle.
This spring force is supplied by a spring of unstretched length £y and stiffness K.

Figure 2: A simple pendulum that is restrained by o spring force.

(a) (5 Points) Starting from the representation
r = fe,, (4)

establish representations for the speed v, velocity vector v, acceleration vector a, and the unit
tangent vector e, to the path of the particle.

(b) (2 Points) If r4 ~ ¢E, and the spring is unstretched when 6 = 90°, then show that

bo=|ra—rc|+Ira-ral, e=[r—ral. (5)
(c) (5 Points) Draw a freebody diagram of the particle. For full credit provide a clear
expression for the spring force.

(d) (5 Points) Show that the differential equations governing the motion of the particle is
g =77 - %sin(ﬂ). (6)

For full credit supply, the missing term.

mg

(e) (3 Points) Suppose that the mass particle is instantaneously at rest with ¢ = arctan (!"—f)
Discuss the ensuing motion of the particle.

(f) (5 Points) Starting from the work-energy theorem E =F,.-v, prove that the total energy
E of the particle is conserved. For full credit, provide an expression for £.



Question 3
A Particle on a Space Curve (25 POINTS)

As shown in Figure 3, a bead of mass m is free to move on a smooth rail. The bead is subject
to a vertical gravitational force. The rail has the shape of a spiral:

r=f(f)er, (7)

where f is a known function of 8.
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Figure 3: Schematic of a particle of mass m which is free to move on a smooth rail that has a spiral shape.

(a) (8 Points) Assume that the particle is moving on the rail. Starting from r = f (0) e,,
establish expressions for the velocity vector v, speed v of the particle, and total energy E of the
particle.

(b) (5 Points) Assuming that § > 0 and e, = E,. Verify that
VI +ffe=fes+fe,  VF+Ffen=—fe+ fe (8)
' _ d
where f = 3-5.
(c) (8 Points) Draw a freebody diagram of the particle.

(d) (7+2 Points} Suppose that the curve is an Archimedean spiral. The respective functions
f and & for this curve are

2 + 62
fO)=ab, r=—T"_ (9)
a (\/ 1+ 62)
where a is a positive constant.
i) Show that the normal force acting on the particle is
(i) g
N-= \/1’1_92 (??92 +97) en. (10)

For full credit supply, the missing terms.

(ii) How does your answer for N in (i) simplify when the particle is instantaneously located at
the origin?
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