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Abstract

This paper describes the development,
implementation, and functionality of an interactive multimedia
program designed to assist students in learning basic concepts
in engineering dynamics. The program, currently called MED
(Multimedia for Engineering Dynamics), covers the same
material addressed in a typical, undergraduate dynamics book,
and is designed to serve as a third source—in addition to
lectures and textbooks—from which engineering students can
learn about dynamics.

This program, which is example based, is comprised
of 46 example problems, each of which illustrates a specific
concept in dynamics. Each example is presented in four parts:
Introduction, Theory, Solution, and Simulation. The first
three parts, which incorporate graphics, audio components,
animations, videos, and hypertext, introduce a problem to the
user, present specific concepts in dynamics that are required to
solve the problem, and apply the concepts to solve the
problem. The fourth part allows the student to experiment
with a computer generated simulation of the problem, which is
implemented using a player version of Working Model® by
Knowledge Revolution. Reference material for engineering
dynamics is also accessible via interactive, on-line appendices.

MED will be commercially distributed on CD-ROM
by Addison-Wesley Interactive (AWI). In order to make
MED accessible to the widest variety of engineering students,
the CD will be in a form that is compatible with both
Windows and Macintosh platforms.

Introduction

Over the last four to five years, an increase in the
graphics capabilities of personal computers has led to a style
of presentation that was not previously possible. With the
advent of multimedia technologies, computers can convey—via
objects such as pictures, sound, animations, videos, and
simulations—concepts that are otherwise difficult to express
[1]. Although the term ‘multimedia’ could be applied to many
learning techniques (even books with text, graphs, pictures
and equations are technically a ‘multi-media’) it is generally
used today to identify computer based technologies that
incorporate animations, videos, simulations, sound, graphics,
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photos, and text, and provide nonlinear navigation and
interactivity. Only recently, however, has the speed and
memory capacity of computers been great enough to allow for
the integration of different media into an interactive form.

The use of computers in education has traditionally
followed one of two approaches: a) presentation of the
theoretical and discursive aspects of knowledge, where
students are provided with a database of information to
explore as reference material, or b) provisions for experiential
simulations of real-world situations [1]. Previous efforts to
integrate multiple media into a computer based program have
generally focused on the development of computer based
simulations, which follows the latter approach mentioned
above. Here, the emphasis is on experience. Learning by
doing is a philosophy that has endured since the days when
engineers were trained as apprentices, and experience was
gained in laboratories and shops. With computer-based
simulation, the media and delivery method has changed, but
the approach is still the same.

One advantage of computer-based simulations is that
they allow the student to experiment with a larger range of
problems and situations, and they provide more immediate
feedback. In addition, computer-based simulations are
generally far more economical than laboratory or shop
experience. However, hands on experience is still invaluable
for a comprehensive education. Ideally, a student should be
exposed to a combination of both mechanical and computer-
based simulation.

Some early developments, such as those by Kraige, et
al. [2], include effective dynamic simulations which allowed
students to experiment with ‘what-if” design scenarios. Other
examples include the BEST program by Flori [3] at the
University of Missouri at Rolla. This program presents an
impressive set of simulations that cover the major topics
addressed in a typical undergraduate dynamics course. Each
problem provides the user with the ability to input new values
for various parameters, and provides for some control over the
form of the output, such as vector types. Other simulation
programs have also been developed in university settings [4,
5]. Computer-based simulations are even finding there way
into professional engineering. Simulation programs, such as
Working Model by Knowledge Revolution [6], are common




in the work place to help speed up the design and
manufacturing of mechanical systems.

Multimedia, however, is more than just simulations.
A multimedia program for engineering may also include
graphics, animations, videos, sound, equations and text. Here,
the focus is on content; the computer uses these various
components of multimedia to present the student with
information on a particular topic in engineering. Unlike other
sources of information, however, the computer enables the
student to navigate through the material in a fashion that is
both non-linear, and highly interactive. By “non-linear” it is
meant that the student does not have to trudge through the
material in a pre-defined path, but can easily move from one
topic to another for cross-referencing or when new
information is needed. Previous work in this area included the
Pluto [7] and Athena [8] programs of the 1980’s. They were
impressive in quality of their content objects and the breadth
of topics covered, but individual topics weren’t covered in
great depth, thus making it difficult to use in a specific
engineering course. In addition, Pluto and Athena did not
incorporate simulations.

Up until now, the two uses for computers in
education as described above have remained essentially
separate [1]. The result is that students sometimes learn
theory they can’t transfer to real situations, or have
experiences that they can’t explain or generalize. With MED,
the focus has been to integrate computer-based simulations
with graphics, audio components, animations, videos, and
hypertext, into a self-contained program that will assist
students taking a first-year undergraduate dynamics course.
The goal: to embody the theoretical and discursive aspects of
dynamics with experiential simulations in the same program.
The result for the students will (hopefully) be a more efficient
learning process and a deeper understanding of dynamics.

With many applications in the field of education,
multimedia programs are particularly well suited for
implementation in engineering education. Many topics in
engineering are abstract and difficult to visualize, such as
work and energy. Others are difficult to visualize due to the
nature of the dynamics involved, such as the kinematics of
rigid bodies. Concepts are usually taught by developing
abstract mathematical models and fundamental physical
principles, and then employing them to solve practical
problems. Connecting abstract models with practical
situations and presenting time as an independent variable are
troublesome facets in the engineering curriculum, especially at
the introductory level. Multimedia, with the ability to
integrate motion into the presentation, is ideal for addressing
the difficult topics in dynamics such as kinetics of particles
(force, acceleration, work, energy, impulse, and momentum),
the kinematics of rigid bodies in two and three dimensions,
and vibrations.

Multimedia for Engineering Dynamics (MED) Program

MED is intended to serve as a supplement to
textbooks and lectures for students taking a first-year
undergraduate dynamics course. It is in no way intended to
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replace the textbook or lectures. The program, designed for
distribution on CD-ROM, is self contained and fully
integrated so that students have full control to navigate
through the content and explore the simulations. Because the
text and graphics are designed for use by an individual with a
personal computer, the program is not intended to function as
an in-class lecture aid for the professor, although it could be
used in that manner.

The program is composed of 46 problems, each
illustrating a specific concept in dynamics. The examples are
grouped according to topic in a fashion that is similar to that
of a typical dynamics textbook. In addition, there are four on-
line, interactive appendices that contain important reference
material. The program embodies a user-friendly interface
with two levels. The first level (see Fig. 1) contains the Main
Menu which lists all the topics and appendices, as well as the
examples and concepts covered in each topic. The topics and
appendices include:

1. Particle: General Motion

2 Force and Acceleration
3 Energy Methods

4 Momentum and Impulse
5. Rigid Body: General Motion

6. Force and Acceleration
7 Energy Methods

8 Momentum and Impulse
9. Three Dimensional Motion a Rigid Body

10. Vibrations

Appendix A: Basic Equations in Dynamics
Appendix B: Section Properties / Inertia
Appendix C: Units and Conversion Factors
Appendix D: Fundamental Topics of Mathematics

The program covers all the major topics in a typical
dynamics textbook, but it does not cover every topic in every
book. To assist the user, the menu bars at the top of the screen
can be used to cross reference any one of the six most popular
dynamics books to the examples and concepts that are
addressed in the program. For instance, if Vector Mechanics
for Engineers by Beer and Johnson is the book that is used in
the course, the student can choose ‘Beer and Johnson’ in the
‘Book’ menu, and the ‘Section’ (or chapter) pull down menu
will be organized for that particular book. This enables the
students to access the content in MED in a manner that is
consistent with whatever book that they may be using.

After choosing a particular topic, a second menu
appears which lists the problems and concepts that are
illustrated under that topic (Fig. 2). From here, the student
can select any of the individual problems, which invokes the
introductory screen of that problem. The introductory screen
presents a detailed problem related to engineering, and the
student is challenged to solve the problem.

Presentation of a Typical Problem

Each problem is designed to illustrate one particular
concept, but the problem is examined in detail and all theory
required to solve the problem, as well as the solution itself, is
presented. Each problem is split into four areas: Introduction,
Theory, Solution, and Simulation. Once the user has left the
menu areas, the interface provides navigation buttons which
allow the student to access each of the four areas at any time.



Each of the first three areas (Introduction, Theory, Solution)
makes extensive use of animations, sound, videos, graphics,
text, and equations to present the material. The fourth area is
a fully interactive simulation of the problem that is presented
in the first three areas. At any time, the student can invoke the
simulation for an experiential representation of the problem.
It should be noted that the student is nof required to make
choices or answer questions before moving from one area to
another. MED is not intended to serve as a tutorial where the
progress of the student is monitored or controlled. Figures 3-
7 and 8-10 show sample screens from two problems

Introduction

Having selected a particular problem and concept
from the menu area (Fig. 2), MED moves to the introductory
screen for that problem (Fig. 3). Here, the problem is stated,
the student is asked to solve the problem, and a strategy,
which involves the particular concept to be illustrated by that
problem, is suggested. In order to make the problems more
captivating and substantial, they are generally realistic, and
the student is encouraged to approach the problem as if he or
she really had to solve it. For example, Problem 4.2, ‘The
Porsche Car Jump’, begins with a stunt man driving a Porsche
off a barge onto a dock, only to find that the barge moves
backward away from the dock as the Porsche accelerates
forward towards the edge of the barge. The stunt man wants
to know why this is happening, and the student is required to
find the minimum speed at which the Porsche must leave the
barge in order for it to land on the dock. The concept of
Conservation of Linear Momentum is suggested for the
theoretical approach to the solution. The specific details of
the problem (mass of the Porsche, length of the barge, etc.) are
presented, and an animation is available to help the student
visualize the problem. The Introduction area generally
occupies no more than one screen.

Theory

After the problem is introduced, the user then can
review the theory needed to solve the problem. In the Theory
area, a specific concept in dynamics is presented in sufficient
detail to solve the problem. For ‘The Porsche-Barge Jump’
problem, the Theory area (Fig. 4) illustrates the concept of
Conservation of Linear Momentum with derivations and
equations, supported by animations. The Theory area
generally ranges from one to three screens, and makes
extensive use of animation and sound to help provide an
intuitive understanding of difficult concepts. The scope of the
theory is complete, but the presentation is generally not as
detailed as that found in a textbook. Emphasis is placed on
presenting the theory in a concise and easy to use form so that
the student can quickly grasp its application to the problem.

Solution

The Solution area (Fig. 5-6) applies the material
presented in the Theory area to the problem presented in the
Introduction area. Each part of the solution process is
illustrated and key facets are animated to help the student
better understand the application of the theory. The solution
area generally ranges from 1 to 3 screens in length.

Simulation

At anytime during the problem, the student can
invoke a simulation of the problem. A Working Model file,
specifically designed to simulate the problem as closely as
possible, provides the opportunity for students to modify
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parameters, such as mass, velocity, friction, etc. In order to
isolate the behavior that exemplifies the concept that is being
illustrated in that particular problem, the student is generally
only allowed to modify one or two parameters. A Working
Model Player is included with the program so that the student
does not need to purchase a copy of Working Model to play
the simulation. However, if a complete version of Working
Model is available, the file could be opened and further
modified.

Appendixes

In addition to the problems, four appendixes are
available at any time, as listed above. Appendix A reviews all
major equations used in an introductory dynamics course.
There are pop-up explanations and/or derivations for most of
the equations. Appendix B is a electronic handbook/reference
tool that assists the student in calculating the moment of
inertia of common objects and cross sections. The user can
also input his or her own values for cross section dimensions,
and the program will calculate the moment of inertia about
specific coordinate axes. Appendix C lists all the basic units
used in both the SI and US systems, as well as conversion
factors. Appendix D gives a listing of the major mathematical
equations that could be useful for solving problems in
dynamics.

Development Process

Previous multimedia programs [9-11] have been
developed by the students and faculty of the Aerospace
Multimedia Lab at the Georgia Institute of Technology.
However, due to the complexity and size of the dynamics
curriculum, the production of MED required the resources of
a commercial publishing company. Other programs were
externally funded through National Science Foundation or
EduTech of Georgia Tech. Those programs effectively
demonstrated the potential of multimedia from a research
point of view, but they lacked the professional touch found in
commercial multimedia programs. It quickly became apparent
that multimedia products that were developed internally at
Georgia Tech were difficult to organize and refine to the
standards of commercial multimedia products. In addition to
high attrition rates, graduate students could only devote a
portion of their attention to the project. Graduate students
excel with creative tasks, and tend to avoid ‘busy work’. For
this reason, graduate students working in the Aerospace
Multimedia Lab are granted the freedom to explore and
experiment with new technologies, but it is difficult to impose
development guidelines in this environment. As a result,
some impressive multimedia products have been produced at
the Aerospace Multimedia Lab, but they lack the depth and
elegance of a commercial product.

This project was funded by Addison-Wesley
Interactive for the main purpose of developing a high quality
multimedia program that could be used at any university.
Because this project was funded by AWI from its initial
concept through completion, AWI had the ability to help
guide the development. This developmental model differs
from that of the traditional publishing contract, where only
small advances on royalties are provided (if any). A



commercial-level multimedia product requires large up-front
funding for equipment, software and labor. Unlike book
authors who do not incur substantial direct costs, multimedia
authors cannot be expected to pay these costs directly.

Delivery of Program

The program is stored and delivered on a single CD-
ROM that is compatible with any basic Macintosh or
Windows environment without any special accessories (other
than a double speed CD-ROM player). The program is too
massive (approximately 500 megabytes) for distribution on
traditional floppy disks. This method of delivery has a
number of advantages: the storage capacity is sufficiently
large, production and distribution is economical, and
unauthorized reproduction is prohibitively costly. The major
disadvantage is that the data transfer rate of CD-ROM can be
slow. However, a well designed CD can circumvent most
speed barriers. Furthermore, CD-ROM technology is
continuously progressing. With quad speed CD drives already
widely available, the problem is rapidly diminishing.

Testing and Classroom Use

In the development of MED, it become apparent that
periodic testing of the program would be needed in addition to
the classroom use testing. Initially, MED underwent testing
for both functionality and proof of concept. In recent months,
MED was also been reviewed by two professional beta-testers
who examined the program for functionality. In essence, their
job was to identify “bugs” in the software.

In the fall of 1994, several focus-groups consisting of
both professors and students were organized and conducted by
Addison-Wesley Interactive. Here, the proof of concept was
tested, including areas such as the usability of the interface
and the usefulness of the MED when integrated into a
curriculum. The results of these focus-groups were
overwhelmingly positive (surpassing our expectations). Some
professors went so far as to indicate that they would require
MED for their dynamics class. Students said that they would
purchase the program voluntarily. They also provided
numerous sugges-tions to improve the program for students’
learning. Focus groups are limited in the scope of information
that they can provide. To get a more complete analysis of the
usefulness of MED when integrated into a curriculum, it is
necessary to perform controlled experiments in a classroom
setting.

The second testing phase used MED in an actual
classroom setting. During the 1995 Spring quarter at Georgia
Tech, the MED program was integrated into one of the basic
Dynamics course that is required of all engineering students.
The course was taught by the author who introduced MED as
additional learning tool for the students. MED was not
designed to replace the book or lectures, but to provide an
extra learning resource. The students were told to use the
program outside of the classroom. MED was not designed to
be a lecture tool and thus not used during lectures. To
encourage the students to use the program, they were told that
test questions could come from the MED program. At the
time of writing, the quarter still had not been complete, and
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thus the final results are not know at this time if MED actually
contributed educating the students more efficiently. The final
results of the classroom testing will be presented at the
conference which will include a survey and the test results.
However, initial response to the program has been good. The
students have enjoyed using the program and have mentioned
that they seem to have a better understanding of the physical
concepts of Dynamics. In is planned to compare the student
test scores with other Dynamic courses that have been taught
by the same instructor.

Summary

Multimedia has potential to play an increasingly
important role in education, especially engineering education.
The goal of the MED project is the implementation of recent
multimedia technologies in the field of dynamics. The final
product of this project is a self-contained, multimedia program
that assists college students who are taking a first-year course
in dynamics. The program is self contained and covers all the
major concepts and topics addressed in a typical dynamics
textbook. With MED we hope to provide students with a
more efficient means of understanding dynamics.
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File Uolume Book Chapter Rppendix

MAIN MENU ¥
1.PARTICLE:  GENERAL MOTION 4.1 F-16 SCRAMBLE

1 CereE i ten B PRINCIPLE OF IMPULSE AND MOMENTUM

3 ENERGY METHODS 4.2 THE PORSCHE BARGE JUMP

o SN TR T CONSERVATION OF LINEAR MOMENTUM &
5. RIGID BODY: GENERAL MOTION 4.3 APOLLO-SOYUZ DOCKING

5 FORGE AND ACCELERATION Al

7. ENERGY METHODS 4.4 APOLLO RE-ENTRY

= S ANGULAR MOMENTUM

9.THREE DIMENSIONAL MOTION OF A RIGID BODY . 4.5 ROCKET THRUST

10 VIBRATIONS A ONS

APPENDIX A:BASIC EQUATIONS OF DYNAMICS 1a]
APPENDIX B:SECTION PROPERTIES / INERTIA

APPENDIX C:UNITS AND CONVERSION FACTORS

APPENDIX D: FUNDAMENTAL EQUATIONS IN MATH

Fig. 1. Basic Topic Menu.

" File Uolume Book Chapter RAppendix

4 Particle: Momentum and Impulse

| 41 F-16 Scramble
| Principle of Impulse and Momentum
| 4.2 The Porsche Barge Jump
i Conservation of Linear Momentum
' 4.3 Apolle-Soyuz Docking
- Impact
. 4.4 Apallo Re-Entry
Angular Momentum &
© 4.5 Rocket Thrust
Mass Flows

Fig. 2. Section Menu

4.2 The Porsche Barge Jump
Conservation of Linear Momentum

Introduction
& ¢ stunt-man tries to jump the Porsche from the
barge to the dock.

| ® i3 the car accelerates foreward, the Barge pulls
awal Trom the dock
& Someone forgot to anchor the Barge! k

. Question E
_ = 'Wil1 the Porsche make the dock”
| = 'what is known:

Mass of Porsche = My

Mass of Barge = Mg Approach
= Need two values when the Porsche reaches the end
Velocity of Barge = Mg (relative to water) of the barge

&) The velocity of the Porsche relative to the
water {and the dock)
B3 The position of the Porsche relative to the
dock (or its original positiony
& Uze the laws of conservation of 1inear momentum.

P Dimensians of Barge

| = Meglect the horizontal forces exerted on the
barge by the water.

Infro Theory

Fig. 3. Typical Introduction Segment.
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:‘.4.2 The Porsche Barge Jump
Conservation of Linear Momentum

Theory
= Examine a system of two particles - Begin with
Hewtan's Third Law:
“For every action, there i3 an equal and opposite
reaction...."

Mass A Mass B

Mass A CG Mass B CG
& apply principle of Impulse and Momentum to
| eachobject:

By Vg e mgYey = My Vo - MgV (1)
my ¥ 1 + MEYey = constant (2)

Principle of Conservation of Linear Momenturm

- ® |f the effects of external forces are negligable,
- then total linear momentum is conserved.

Intro Theory: )

# |f the total linear momenturn of the system i
conserved, the velocity of the combined center of
gravity (CG} is also constant.

Combined CG

Mass B

[ ]

Position Yector of Combined Center of Gravity

my, My + MEME
i o LA T 3

mg + Mg

® Take the derivative with respect to time

my Yy + MW
Vg = ot BT t4)

my + Mg
® Useful if combined CG can be determined

:‘.4.2 The Porsche Barge Jump
Conservation of Linear Momentum

Solution: Part &
= Since the horizontal force of the water on the
barge is neglected, total linear momentum is

| conserved.
= The total Tinear momentum is initially zero
* Use equation {2):
mphp + mB(fVB) =constant = 0

- |Me

- ()

~ Solution: Part B
# The combined CG of the Porsche and the barge is
initially stationary, so it must remain stationary.
& with the position of the combined CG, we can

| determine the position of the Porsche and the
barge relative to their original pesitions {ar the
dock).
» Usze equation {3} and the dimenzions of the barge

Hpmp + ¥
o . ome + (g g

1
Hp+¥g ==L
mp + Mg Piildag

» Solving the two equations simultaneously

1/ 2)mgl < : I/2mpL:
= 5=

s R mp + Mg

.4.2 The Porsche Barge Jump
Conservation of Linear Momentum

Application
& Substitute numbers to see if Parsche will make
4 the dock. e are given:
Mp= 500 kg Mg= 2500 kq
Lg=42m AY =2m
| e Atit's current rate of scceleration, when the
Porache reaches the end of the barge, the barge's
. speedometer reades (relative to water and dock):
V¥p=-0.8851m/s
_ (2500 koY A
Vp= [—500 w )( 0.5851m/s)
=4.425im/s
0.5){2500 kql{d2
o - SN0 ka2 )
S00 kg + 2500 kg
W-Diistance of Porsche from dock
aXx=35m a¥=20m

Intro

20f 2

® Under the influsnce of gravity, with the current
welocity, the Porsche will travel
s¥ = 310 s =35
Thus, the Porsche will not make the dock
(See Chapter 1: Particle: General Motion)

& Use simulation to find minimum velocity of

Porsche and barge at which Porsch will make the
dock. Tryadjusting the masses and changing the
acceleration of the Porsche

Suhition

Fig. 6. Typical Solution Segment, Screen 2/2.



e

mﬂj Reset Quit .

42.1WM

Car Mass (kg) Barge Mass (kg)

500.00 2500.00)
Car Velocity Barge Velocity
vx -—mfs ¥x ---mfs

Barge Momentum
-—kg-m/s

Car Momentum
Mx --- kg-m{s Mx

Dack Flatfor
y (Tt
Wy (ft/sec)

dy (ftFzee™2)
bz Ay (ftisec’2)

Aocel. A (ftis"2)

i
RER
.

s

i

0400 1200 2 000 t (zec)

what is the maximum velocity and where does it ocour?
Can the boxes become airborne?
why do the platform and boxes have different accelerations?

HRL i

54 Loading Dock Lit Fig. 10. Working Model Simulation
; General Plane Motion: Accelerations

Introduction

# new dock 1ift is is being used to move delicate
| computer equipment off the shipping trucks. You
need to know what the accleration of the boxes are
| when the boxes are at dock level. m

A: Basic Equations in Dynamics

Appendix A: Basic Equations of Dynamics: Particle Equations

| Question
& what i3 the vertical acceleration of the platform
. when it reaches the top of the dock?
- The pistons move horizontally at 0.3 ft/s°2
- The horizontally welocity of the pistons at 41t
is 0.6 fiés.
- fand Care constrainted to move horizontally

| Approach
| ® Need to use the relative acceleration equation
8= 8, tag/y

=a, +(ﬂBIA)” *I:ﬁam:l.

= 85+ wap (04e X Tag) + e X Tap

& Must also use the relative velocity equation that
was presented in the piston problem 5.2}

A — 5=03 Tt/5 —
— v =0Tt/ #—

Fig. 8. Introduction to Dock Lift

| 5.4 Loading Dock Lift
General Plane Motion: Accelerations

Solution
= First, the velocity needs to be deter mined. E

| ® The vertical mation of the platform is equal to ©
| ® The motion of point E i3 important because:

a) it 13 constraint to move veritcally
b} and the motion of C is twice that of B.

Yertical Yelocity of Point Band C

Wy

Yelocity of Point B

Genmetnc_ constraints ¥ara
v, = i
¥e =g

Relative velocity
¥e = Vi t¥e/a A

vpj= val+wapk X rqu(CUSE'i"' smﬁj)

= val+upprag (cos Bj - singi)
Summing in both directions

jterms: g = wagap COSH .
E BB AR .

TtErms: vy = wap g 5108 L3
Y 0.6
wyp = —2—=—————= 030rad/s
B T ragsing 3 sin(42)
wg o= A 08 pere g

tan tan(42)

¥g = 2ve = 1.33mis

Fig. 9. Solution to Dock Lift
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Particle Motion - Rectilinear

Warisblea Constanta =a,
a= % vo=vy +agt
v=% 5= 5 + vt + Lact?

ydv=ads Pv?=v@e2acle-g,)

Particle Motion - Curvilinear

r,Q,z Coordinates n, t Coordinates
e =T
vy =rl ag=rl+zrd
Wo=2 @,=i
Relative Point Motion

Povg=v, eV,
ag =8y + ag,,

8,=F-ri? ¥=5=wr s=8r

B myy+ ZIF dt = myy

B+ Mz = 3 M

Equations of Metion

ZF =mag

ENEON o

kinetic T %mv2

potential Wspring =%m£i2
Woravity = tmgy

T+ W =To+ Wy

Impluse and Momentum

oo Ve =VYay
Vay - Vg,

Fig. 11. Appendix A, Equations.

B: Section Properties/Inertia

Appendix B: Section Properties/Inertia
Rectangular prism

Tz
m=abcp TZ'

I'X=%I:D2+czj Iy = —%(a2+b2)
%D2+02) Iy = %taZ-ﬁ-Dz:l

®04s

r Input —————
a=- [ c-[0
b=i. p=[1.0

- Output

Iy =017

FMMJJ
txlty[tz] | m]

Fig. 12. Appendix B, Properties.
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