C. A Review of Concepts Related to Chapter 3

The fundamental idea behind using the moving reference frame kinematics description is that it
is often the case that the motion seen by a moving observer is often easier to describe than that
of a fixed observer. Ultimately, we want velocity and acceleration described in terms of a fixed
frame observation. The moving reference velocity and acceleration equations provide a means for
“correcting” the moving frame observation to produce the fixed frame observation.

The critical components of the moving reference frame kinematics equations can be broken down
into two parts:

e “How the observer moves”: ¢ and @ (the angular velocity and acceleration of the observer).

e “What the observer sees”: (17 B/ A>7'el and (d’ B/ A)ml (the velocity and acceleration of B as seen
by the observer).

If you can keep these two sets of terms in the moving frame kinematics equations straight, you are
off to a good start on this material.

The following is a set of conceptual/short answer/assessment questions related to the course ma-
terial covered in Chapter 3. It is expected that you will use these questions to challenge your
understanding of the fundamental concepts from the course as you learn the material and prepare
for exams. Although these problems are conceptual in nature, you are not expected to be able
to answer these questions by inspection. Rather, your answer will come from the use of a short
analysis based on the fundamental equations covered. You can expect to see questions such as
these on your exams this semester.
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Question C3.1

Particle P moves on the top horizontal surface of a disk that is rotating in a clockwise sense about
a vertical axis with a rate of Q@ = 5 rad/s. The position of P is described in terms of a set of
Cartesian components zp and yp measured relative to the disk. When (zp,yp) = (4,3) ft, the
velocity of P as seen by a stationary observer is: @p = (107 — 207) ft/s. Describe the velocity of P
as seen by an observer on the disk.
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Question C3.2
A disk is pinned to ground at its center O with the disk rotating clockwise at a constant rate of

) = 3 rad/s. Block P is traveling to the left along a straight path toward O with a constant speed
of vp = 20 ft/s. Determine the acceleration of P as seen by an observer on the disk when P is at a

distance of 50 ft from O.
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Question C3.3

Sprinkler arm OA is pinned to a cart at point O. The cart moves to the right with a speed of vegt
with Oeqre = 2 ft/ s2 = constant. Fluid flows through the sprinkler arm at a rate of d with d = -3
ft/s> = constant. The sprinkler arm is being raised at a constant rate of § = 4 rad/s. An observer
and xyz coordinate system are attached to the sprinkler arm, as shown in the figure below. The
following equation is to be used to find the acceleration of a pellet P that flows with the fluid in
the arm:

ip = do + (@p/0),, + & X Tpjo + 26 x (Tp)0),,, +& x [& X Fp/0]

Provide numerical values for the following terms when: d = 3 ft, veare = 3 ft/s, d=5 ft/s and
0 = 90°.
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Question C3.4
The vertical shaft OA rotates about a fixed axis with a constant rate of = 8 rad/s. The arm
AB is pinned to OA and is being raised at a constant rate of § = 10 rad/s. An observer and xyz

axes are attached to AB. The XY Z axes are stationary. What is the angular acceleration vector
for arm AB when 6 = 90°7
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Question C3.5

Arm AB rotates about a fixed vertical axis with a constant rate of w;. A ring, with its center at
O and of radius r, rotates about arm AB with a constant rate of wy. A particle P moves along the
ring with 0 = constant. Let the XY Z axes be fixed, and the xyz axes be attached to the ring. At
the position shown, § = 90° and the xyz axes are aligned with the XY Z axes. It is desired to use
the following equation to determine the acceleration of P for the position shown:

ap =dop + ((ip/o)ml + a x T_"p/O + 20 X (ﬁp/o)ml + @ x [(15 X FP/O]
Provide expressions for the following terms appearing in this equation.
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Question C3.6

Consider an observer who is riding along on a moving (translating and rotating) rigid body. We
wish to use the observation of this person in describing the motion of some point B, which is not
fixed to the body, in the following moving reference frame acceleration equation.

dp = s+ (Ap/a),, + QX 7Tp/a+ 20 x (Up)a),, +& X [@ X /4]

= dA+dp)a
Answer the following questions in words:
o What is the meaning of 37 @719, vel. of observt”
e What is the meaning of 4?7 & )73. Rcc. of observv”
? vel. of B a5 Seen by pbserver
acc. of B as swn by P

What is the meaning of (173 / A)

rel

What is the meaning of ((i B/ A)

?
rel

What restrictions, if any, are on the choice of point A? VSt &e o7 szl
r/gid body a5 obsent

What is the difference in meaning between dp/4 and (Ei B/ A)
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