ME 104: ENGINEERING MECHANICS II Fall Semester 2003
Department of Mechanical Engineering
University of California at Berkeley Professor Oliver M. O’Reilly

First Midterm Examination
Thursday October 2 2003
Closed Books and Closed Notes
All Three Questions Carry Equal Points

Question 1
A Projectile Problem

A baseball is thrown with an initial velocity vo = vo,E; + voyEy from the origin
O (see Figure 1). The trajectory of the center of the baseball is found to satisfy

the following equation:
1
r = (vozt) E; + <v0yt - —2-gt2> E,. (1)

In this problem, we ignore any rotational motion of the baseball and model it as
a particle of mass m.

Figure 1: Schematic of the path of a baseball tossed into the air.

(a) Derive an expression for the path of the baseball using a cylindrical polar
coordinate system (r, 0, z).

(b) Show that the acceleration vector of the baseball is —g sin(6)e, — g cos(6)es.

(¢) If voy # 0, then show that the path of the baseball can be considered as a

parabola:
y = f(x) = 17 + cox?, (2)

where ¢; and ¢y are constants.

(d) What is the unit tangent vector e; to the path of the baseball as a function
of 7 What is the speed v of the baseball as a function of z and %7



Question 2
A Vehicle Dynamics Problem

A vehicle moves on race track. Five times each second, the position of the car is
determined using a GPS receiver. Using this information the automotive engineer
is able to determine the position vector of the center of mass of the vehicle:

r = r(s(t)). (3)
By differentiating this data, the engineer also determines
v=v(s(t)), a=a(s(t)) (4)

Modeling the vehicle as a particle of mass m, we assume that, in addition to a
gravitational force —mgE,, an aerodynamic drag force F; acts on the vehicle:

F,= —mchUQE. (5)

Here, ¢4 and C' are constants.

(a) Show how the data that the engineer possesses for v and a can be used to
determine {e;,e,, e}, and the radius of curvature p of the path of the center of
mass of the vehicle.

(b) Draw a freebody diagram of the vehicle.

(c) Using the balance of linear momentum, what is the equation governing v of
the vehicle?

(d) Again using a balance of linear momentum, show that the normal force
acting on the vehicle is

2
N = (W—— + mgE, - en> e,. (6)
p

(e) The engineer’s boss proposes that the friction (or traction) force on the
vehicle is dynamic Coulomb friction. Using a balance of linear momentum, how
could the engineer verify his boss’s proposal.



Question 3
A Crate on a Spinning Disk

As shown in Figure 2, a crate of mass m is placed on a rough disc which is spinning
about the vertical axis with an angular speed Q = Q(t). The surface of the disc
is rough and has a coefficient of static friction us and a coeflicient of dynamic
friction ux. The crate is attached to the center O of the disk by a linear spring of
stiffness K and unstretched length L. A vertical gravitational force acts on the
disk and the crate.

0 =0Q(t) Crate of mass m

Spinning Disk

Figure 2: A crate of mass m moving on a spinning rigid disk. The center O of the disk
is stationary.

(a) Modeling the crate as a particle, starting with r = re, + 0E,, derive expres-
sions for v and a. (In your answer clearly state any intermediate results that you
use.)

(b) How do these expressions you established in (a) simplify if the crate is not
moving relative to spinning disk? What is v, when the crate is moving on the
surface of the disk?

(c) For the two cases where the crate is moving relative to the disk and where
it is stationary relative to the disk, draw free-body diagrams of the crate.

(d) For the case where the crate is stationary relative to the disk, show that

N =mgE,, F;= (K(r —L)— mrQ2) e, + mrfle. (7)

(e) Answer either (i) or (ii):

(i) Suppose that the disk is spun up from rest with a constant angular accel-
eration €0 = €. Initially, the crate is at rest on the surface of the disk.
Determine the time 7" when the crate would commence moving on the sur-
face of the disk.

(ii) Suppose the crate is moving on the surface the disk, using a balance of linear
momentum, establish the differential equations governing the coordinates r
and @ of the crate.
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