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Abstract - The Foundation Coalition at Arizona Statemetal straps, struts, nuts, bolts, washers, all contained in a
University has been offering a novel first year program iplastic box. These sets are available through retail toy
engineering for the last three yeggs_s] This program Stores, typically cos_ting abc_)ut $1_00 per kit. Clearly, one
integrates coursework in English composition and rhetori€ngineering constraint in this project is that only a limited
calculus, freshman physics, and introductory engineerifymber of parts can be used in the construction. The
concepts through student projects. The projects increaseSidents are taught in a mediated classroom and have access
complexity as the term progresses, to keep pace with the internet through the workstations at their tables.
students' increasing knowledge of science and engineerifyring the design phase of the project, many students find a

The purpose of this paper is to describe the projects, tfrmarkable amount of design information about catapults
process used to deliver them, and their impact on tk@nd other medieval war engines) through searches on the
learning in this class. World Wide Web. They are encouraged to use this

information in their projects, so long as they cite the

sources, of course. The students struggle with the notions of
bracing and reinforcement and what type of energy source
Quse during the early stages of the project. At the end of
e initial design and construction phase, the students try out
eir catapults and videotape the motion of the squash ball

The Projects

There are three engineering projects in the first semestert
the freshman program, each lasting approximately four

five weeks. The students are given a relatively brié . N "
description of each project, a kit containing the parts thé flight, so that they can generate a "performance map" of

may use during the construction phase, details concern fcatapult. The}A/\ are sh?wn t()jefo_r(?[hgryd F"?m |deillzed
the relevant physics and calculus, and instructio$'ofMance map. An examplée as depicted in iqure (1).

concerning the learning outcomes and assessment strate&igs-rhe videotape is used to document the performance of

for the project. Although each project has several ha _catapult when used to produce minimum and maximum

design constraints, the actual devices the student teatﬁ%ectories. The stuqlents _digiti;e the videotape, capture the

construct are generally quite creative. The students actuaﬂ a, a_nc_i plot the trajectories with Excel. They aIS(.) use _the

value the open-ended nature of the projects, because th g/e fitting feature of Excel to see whether the trajectories
' r

can apply as much originality and creativity as they desi parabolic as predicted by kinematics. They refine their

The course is taught from a webpage, so the instructio SSigns’ and on the final day of the project, each team sets
: ' its catapult to hit a target whose coordinates are given to

mple  Excel readsheet tail t  thel
samp'e xcel = spreadsheets, = details abou m just before the time of their launch. They use

documentation of the project, and so on, are found on tl.IIi )
page interpolation schemes to take the data from the performance

The first_projectconsists of the design and construction'aP to pi(_:k the catapul_t launch param_eters. The teams_ that
of a cata_pult. It coincides with instruction in kinematics i\ effort into constructing catap_ults with repeatable m_otlon
the physics course and functions in the calculus course, 4§ Te mostt dslucce:ilsfufl. thThtelr catgpults ustu?rl]ly (;"t _the
the construction of a device that hurls an object is a sensib‘? g€t repeatedly. or the teams document the design,

way to have students explore these topics. The catap p;trut;tl?)n,;]ndépelraﬂqn Otf thte Catafl)_wt |nta dreptort forTzT;cj
design must be robust and capable of launching a squ \gned Dy the Engiish nstructors. € students are 1o

ball and repeatedly hitting a target placed 3 to 7 metd t their reports will be added to the class webpage and that

away. This project has been used in previous semest (.;iitional credit will be given to the teams that generate
and for small class sizes (32) the students were allowedt g own webpages._ nge of the ".‘OSt Intense comp(_etmon
construct the catapult from dimensional lumber using t ong. the teams is in constructing webpages with a
wood shop in the Engineering Lab Services. With a muajiofessmnal format - and demonstrating these efforts to their
larger class size (80), an alternative approach is used: eg@?smates.

student team is provided with an Erecter Set - a supply of
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Figure (1) Idealized catapult perfomance map.

When the second projecommences, the students havéhe drop (no practice runs here), the students specify the
learned Newton's Laws, free body diagrams, and Eulelength and number of bungee cords, set up the release
method of integration, so they apply this knowledge to thmechanism, and carry out the launch. Once again the
design and construction of a bungee-degparatus The launch is recorded on videotape. The students digitize the
"passenger" at the end of the bungee cord is a raw egg, tage and compare the performance of the apparatus
the drop takes place at the top of the track stadium. Tmeaximum deceleration, closeness of approach) with that
students are able to take a more analytical approach to riedicted by the model. The students also document the
project because of their increased understanding ddsign process, the modeling, and the performance in a
analytical physics and calculus. Modeling is carried out lwebpage based report.
defining the free body diagram for the motion of the egg, The third projectuses the students' knowledge of
finding the net acceleration on the egg, and then usingtational motion. The students are again provided with the
Euler's method of integration to solve the equations &recter sets and told to build_a trebuchet. The trebuchet is
motion for the egg on a spreadsheet. A typical result froamother siege engine used in medieval days, and it largely
the Excel modeling is shown in Figure (2). replaced the catapult because it could throw heavier objects

The students measure the elastic properties of thether than the catapult. It is powered by a falling weight,
bungee cord material, determine the departures fraand compound rotational motion is employed through a
Hooke’s Law behavior, and get an empirical expression fostating arm and sling to hurl objects. The students are
the cord elongation as a function of applied force. In thearning about torque, angular momentum, and other
free body diagram, they consider the forces due to air dragncepts of rotational kinematics in physics, but the
gravity, the cord’s tension, and damping within the comhodeling of the trebuchet is an extremely complicated
itself. In the modeling phase, the students devise a drop thttter - too advanced perhaps for freshman students. The
would provide maximum free fall without decelerating morstudents are given access to two trebuchet models and
than three times “g.” The students are shown the boatiowed to examine the models for visualization and design
from which the egg will be dropped and have to design &mnts. One of the models is an analysis of the trebuchet
attachment/release mechanism for their egg. On the dayusing Mathematica to solve Lagrange’s non-linear coupled




equations for the trebuchet. This model, available on tkerger circle is the falling counterweight, and the smaller

wwwI6l, is a magnificent analysis of the trebuchet. Eircle is the projectile:
draws a stylized figure of the trebuchet and its complete
range of motion. This is shown in Figure (4), in which the
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Figure (2) Idealized motion of egg in bungee-drop model

Figure (3) A depiction of a stylized trebuchet and its range of motion



This model predicts the maximum range of the projectile lasily. Most of the students prefer using the second model,
calculating the range for each possible release point in th&sed on conservation of energy and momentum principles,
full range of motion of the trebuchet. The release point thahich is carried out on a spreadsheet. This model (a

produces the maximum launch distance is not necessaglyscription of which will be published elsewhdg allows

the point in the trebuchet’s motion where the tangentigle students to input projectile and counterweight masses
velocity vector is inclined 45 degrees above the horizont@lng the sling and rotating arm lengths. It calculates and
because the speed is continuously changing. This modepjsts a projectile motion assuming that the projectile is

demonstrate the power of computer aided algebra softwalighyre (4):

but it does not reveal how to find the optimum release point

Trajectory

3.00+

-2/00 1 2.00 4.00 6.00 8.00 MO

-1.00+

Figure (4) Trebuchet projectile trajectory as predicted with Excel model. When x is negative, the projectile is still
connected to the trebuchet

The students are told that if they want to use this Exdeébuchet. So that the process is rigorous, the teams carry
model to predict the performance of their trebuchet, it mut these assessment steps with a Kepner-Tregoe decision
necessary to construct the trebuchet so that it will releasealysis.
the sphere when the arm is at the top of its arc. Many of the
student teams are able to build an adjustable release point Conclusions
into their trebuchets and can employ the Excel model. Still

other teams simply used elementary energy conservalighin the faculty and the students feel that the projects are
methods to estimate the kinetic energy imparted 0 Qe of the most valuable parts of the integrated first year
projectile. Once again, the design and construction ig,qram  This is demonstrated very clearly by the written

constrained by the limited part set and time line. Thenments the students attach to the university course
operation of the trebuchet constitutes a major portion of taGa|yation forms. Naturally, the students think the projects
final examination in the mte_:grated class. The students haye fun, but nearly all also mention that (1)the projects

to demonstrate the operation of the trebuchet launching e the connections among the four subject areas vividly,
golf ball, and a measure of goodness is reproducibility aps) the reporting process is challenging and interesting, and
precision in repeated launches. The students are 389 ey all discovered some of the wonder and excitement
required to document the design process and performagge: comes naturally from doing creative work. The

characteristics of the trebuchet in a written report on the d\%)ébpage for the class, which contains the student project
of the final. In addition, the students are asked to do bqlébort webpages, is fou,nd at this URL:

self-assessment and a critical appraisal of another team’s



http://www.eas.asu.edu/~rogfece100a

This webpage also contains information on the materials,
supplementary instruction, and logistics necessary to carry
out the projects.
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