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Executive Summary

In order to further prepare undergraduate engineering students for the complex
environments of the job market and graduate programs, The Albert Nerken
School of Engineering intends to develop an interactive method of instruction for
Engineering Mechanics (ESC100). This project is being conducted in conjunction
with a similar undertaking for Fluid Mechanics (ESC140). This new approach to
undergraduate education adapts and furthers the “studio” concept of instruction
developed at the Rensselaer Polytechnic Institute about five years ago. In this
system of learning, student workstations, tabletop experiments, computer
software, videotapes and traditional textbooks will all be combined to create a
dynamic teaching environment, which integrates the traditional separate
activities of instruction: lecture, recitation and laboratory. Students, utilizing the
workstation computer to design and analyze, will learn to communicate and
function as part of a team. The development of the Studio Classroom for
Engineering Mechanics provides with its technology and team based learning an
excellent opportunity to introduce undergraduate students to an environment
similar to that of today’s workplace.



Pedagogy

From a pedagogical point of view, the purpose of the Engineering Mechanics
Studio Classroom is the creation of an environment that models the type of
workplace that undergraduate engineering students will encounter in their
future endeavors. Like the “interactive classroom” of the Rensselaer Polytechnic
Institute, the inclusion of computer technology in the daily instruction of
Engineering Mechanics provides students with an atmosphere where computers
are necessary to the process of analysis and design. Team projects supported by
the workstations allow students to develop the communication, managerial and
leadership skills that are necessary to success in the workplace.

Courses

Due to the fundamental nature of Engineering Mechanics (ESC100), the
proposed studio classroom could easily be modified to accommodate more than
a dozen additional courses within the engineering curriculum. Civil, mechanical,
and electrical engineering students, as well as students enrolled in the Bachelors
of Science Program, would all benefit from the studio room facilities of tabletop
equipment, videos and textbooks related to statics and dynamics. For a list of the
courses that can be integrated into the Engineering Mechanics Studio Classroom,
please refer to Appendix 1.

Teaching Equipment

The purpose of the studio classroom is to transform the traditional divided
lecture - laboratory teaching system into an integrated interactive experience.
The combination of tabletop experiments and demonstrations, computer

software, video tapes and textbooks provide the base for a more efficient course.



At the core of this new teaching style is a series of basic demonstrations and
experiments that will be conducted during class time and as homework projects.
Four desktop mechanics apparatuses, each portable and easy to maintain, sold
by PASCO Scientific, have been chosen for their ability to efficiently demonstrate
fundamental topics within Engineering Mechanics.

The Super Pulley Force Table will effectively illustrate the concepts of the
addition of vector forces and the resolution of a vector into its components. This
device reduces the effect of friction for more accurate results by incorporating
ultra-low friction pulleys into the design. The screw-in legs of the table can be
snapped underneath the tabletop for easy storage.

The Introductory Mechanics System allows one to efficiently present the
concepts of simple machines, vector forces, torque and much more. Several
experiments can be performed with this system, including the measurement of
forces, the addition of forces, the resolution of forces, the concept of torque, the
principle of center of mass, the equilibrium of physical bodies, sliding friction
and the principles behind simple machines. The Introductory Mechanics System
is stored within a box that is not much larger than a briefcase.

The Introductory Dynamics System, available in both a 1.2-meter and 2.2-meter
track, will effectively introduce the concept of linear motion. The system allows
students to confirm Newton’s Laws, investigate acceleration on an inclined
plane, collect data on elastic and inelastic collisions, study the conservation of
energy, and more. Both the 1.2-meter and 2.2-meter tracks provide accurate
alignment and low friction. The 1.2-meter track is long enough for all standard
experiments, including collisions, while the 2.2-meter track is ideal for
demonstrations and for experiments that require extended accelerations or more
than two carts. Brief descriptions of the more than 20 experiments that can be
performed with these devices are included with the system. In addition, full



write-ups with illustrations and blank data-tables are provided for the following
experiments: kinematics (average versus instantaneous velocities), coefficient of
friction, Newton’s Second Law (predicting accelerations), cart calibration
(measuring the spring constant), sliding friction and the conservation of energy,
conservation of momentum, simple harmonic oscillator, oscillations on an

incline, springs in serial and parallel, and acceleration down an incline.

PASCO’s Complete Rotational System effectively demonstrates the basic
concepts of rotational motion, providing a full range in centripetal forces and
rotational dynamics. Using this system, several experiments can be performed
including: projectile motion, conservation of angular momentum, and the
rotational inertia of a disk and ring.

The bench-scale experiments that have been selected for Engineering Mechanics
(ESC100) from PASCO Scientific, when coupled with lectures and homework
assignments, will emphasize the basic principles of this course in a clear and
concise manner. For a more detailed description of each mechanical device

please refer to Appendix 2.

In addition to the bench-scale experiments, software programs will provide
additional illustrations of engineering mechanics principles; these programs can
be used for homework assignments as well as the efficient depiction of in class
example problems. Several different programs and CD-ROM’s have been
investigated for this purpose; for more information about these programs please
see Appendix 3.

MSC Software provides a series of software called MSC.Working Model. This set
of software includes Working Model Motion and Working Model 2D. Working
Model 2D and Model Motion allow students and professors to visualize scientific
concepts taught in the classroom. Both Working Model 2D and Working Model



Motion enable students and professors to design linkages with pin joints, slots,
motors, ropes springs, dampers, and gravity, simulate contact, collisions and
friction, as well as analyze structures with flexible beams, shear force and
bending moment diagrams. With the additional Homework Edition of Working
Model 2D, students can build models with bodies and constraints and run
simulations from their workstations. Because of the versatility of these programs,
the software can be easily integrated into the engineering mechanics course. The
software can be used for example problems and demonstrations as well as

homework assignments for the students.

Addison-Wesley Interactive provides two programs, Multimedia Engineering
Dynamics and Multimedia Engineering Statics. Multimedia Engineering
Dynamics (M.E.D.) contains 43 real-world problems that address the major
principles covered in an engineering dynamics course. The program uses
Apple’s QuickTime system as its audio and animations executor. This is
unfortunate because the version of QuickTime embedded within the program is
outdated and therefore leads to operational difficulties when using this CD-
ROM. If this problem can be resolved, M.E.D. would provide a basic tool for
professors to illustrate typical example problems that are encountered in the
engineering mechanics course. Multimedia Engineering Statics (MES) was also
investigated; unfortunately, due to an undetermined incompatibility with the
software and the computer operating system, MES was unable be opened and

further examined.

In addition to the previously mentioned software programs, the textbook chosen
to guide the instruction of Engineering Mechanics (ESC100), Vector Mechanics for
Engineers: Statics and Dynamics by F. P. Beer and E. R. Johnston Jr., is
accompanied by interactive software separated into the two categories of statics

and dynamics. Along with this software, the textbook includes homework



problems designed to be solved with a computer. This software will provide
both the professor and the student with a more concrete relationship between the
textbook and multimedia experience for students.

Traditional teaching tools, such as videos and textbooks, will be coupled with the
computer software and tabletop experiments in the studio room method of
instruction. A small library of books and videos would enable the studio room to
transform from a classroom into a study room when not in use. The list of

textbooks and videos intended for use can be found in Appendix 4.

Workstations

In order to accommodate the interactive type of instruction that is at the core of
the Engineering Mechanics Studio Room, the classroom on the second floor of
the engineering building (Room 236) must be designed in a manner conducive to
multimedia education. In order to accomplish this, workstations have to be
arranged in such a manner that students are able to accomplish a variety of
activities, including computer based analysis and design, team discussions,
team/instructor discussions, as well as participation in “traditional” activities,
such as observing the professor addressing the entire class while performing a
demonstration from his or her own workstation. Six workstations for the
students, each accommodating 4 to 5 students, and one designated for the
professor will each maintain a computer, a black laser printer, and a laptop
computer. The monitor for each computer will be situated underneath the
tabletop of the workstation, ensuring the maximum available work area needed
for the performance of demonstrations and experiments. Each workstation will
also be fitted with 220 wiring, as well as outlets for compressed air. The studio
room will also be equipped with a video projection screen and a white marker

board. For a floor plan of this design, please refer to Appendix 5, Figure 1.



Assessment

Constant project assessment is necessary to evaluate the success of the
Engineering Mechanics Studio Classroom once it has been integrated into the
curriculum. For this assessment, a committee including a Gateway evaluator
should be appointed to carry out the needed investigations. One beneficial
method of evaluation that may be utilized depends on an outcomes-based
assessment to measure student performance. For example, half of one year’s
Engineering Mechanics students could be chosen to study ESC100 in the new
studio classroom, while the remaining half would receive instruction in the
traditional lecture format. Examinations given throughout the semester to both
groups would allow the committee to comparatively evaluate the benefits of the
interactive learning environment on overall student performance. Additional
assessment tools, ensuring constant evaluation and improvement, can be
developed and added as the Engineering Mechanics Studio Classroom is
instituted.



Conclusions and Recommendations

The Engineering Mechanics Studio Classroom provides an excellent opportunity
to create a new environment for interactive teaching and learning. The
Engineering Mechanics Studio Classroom will allow students to further develop
the computer, analytical and team-based skills that they already obtain from
other courses within the engineering curriculum. To that end, further
development of the Engineering Mechanics Studio Room is required. This
includes the procurement of videotapes, CD-ROMS, the previously mentioned
tabletop experiments, and the equipment needed for each workstation. As
another stage of the Engineering Mechanics Studio Classroom development,
teaching modules that incorporate the use of videotapes, demonstrations and
software programs should be created. These modules should serve as the
fundamental basis for an instructor’s approach to teaching students in the new
studio classroom.



Appendix 1:
Courses to Benefit from the

Engineering Mechanics Studio Classroom



ESC 100
ESC 101
CE 121
CE122
CE131
CE 361
CE 369
ME 100
ME 101
ME 120
ME 321
ME 401
EID 125
PH 112
PH 165
PH 291

Engineering Mechanics

Solid Mechanics

Structural Engineering I
Structural Engineering Il

Soil Mechanics

Civil Engineering Experimental Projects
Civil Engineering Project

Stress and Applied Elasticity
Mechanical Vibrations

Design Elements

Engineering Kinematics
Advanced Mechanical Vibrations
Biomechanics

Mechanics

Concepts of Physics

Introductory Physics Laboratory



Appendix 2:
Engineering Mechanics Tabletop Apparatuses
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Super Pulley Force Table

ME-9447  °175

* High Accuracy Every Time
* Easy, Compact Storage

* Inexpensive!

PASCO has redesigned the classic
force table using Super Pulleys to
obtain more precise results in vector
experiments. The new Super Pulley
Force Table is easy to use, easy to store,
and inexpensive. Students can inde-

—

vector forces and resolve vectors into
their components.

Accurate Results

The ultra-low friction pulleys are the key
to the Force Table’s accurate results. Friction
is reduced to a bare minimum for increased
sensitivity. The swivel feature of the pulleys
can virtually eliminate parallax for more
precise angle measurements.

Inexpensive

You get easier operation, better results, and
easier storage— at about a third the cost of
a standard, large metal force table.

Compact, Easy Storage

The screw-in legs snap under the table for
easy storage. Fold and stack as shown.When
you are ready to use them again, they
assemble in seconds!

Lamjinated Surface

Draw Vectors directly
onto the table top, then
wipe them off when
you're done.

M

i
pendently investigate the addition of \

TO ORDER:
Super Pulley Force Table
ME-9447 *175.00
Super Pulley with Clamp
ME-9448A Pg. 90 126.00
Additional Equipment Needed:
Mass and Hanger set ME-938 P92 '54.00

Equilibrant

PN

Students hang masses 1,
produce force veciors
and B. Then the py).
ancing vector (cquil;.
brant) can be casily
and accurately deter.
mined on the Force Tabi.

X
L
y |

quilibrant®

'. s NN

5 AR NN
> | B
P Mode! ME-S447

FORCE TABLE\ ©

- String
Attach to centering
ring (or knot string at
center for greater
accuracy) and place
over pulleys.

o]

Built-in Scale
Measure angles
quickly and
accurately.

Low Friction

Super Pulley

Change a mass by
. one gram or an angle
~——Screw-in Legs %y one d.egreeg-

Snap under the ] you'll see an imme-
table for easy, ! diate change in the
compact storage. 3. equilibrium position.

Mass Hangers
Three included. (Masses
are sold separately.)
See Mechanics
Supplies Section.

The ME-9447 Super Pulley

Force Table includes:

(1) Write-on/wipe-off table
with detachable legs

(2) Three adjustable Super
Pulleys with Clamps

(3) Six mass hangers (masses
purchased separately)

(4) Plastic centering ring

(5) Spool of string.

Already have a force table or
an inclined plane?

You can significantly improve your experi-

ments by reducing friction and climinating
parallax. Just replace your old pulleys with our
inexpensive Super Pulleys with Clamp. The
ME-9448A with its built-in clamp fits tables

T/ 0" 800-772-8700

o from 0.8 10 2.0 cm (5/16 to 13/16 in) thick.
The PASCO Super Pulley fits tables up
to 2 e thick,
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Introductory Mechanics System

ME-9299 *610 _
¢ Complete— Everything You Need for 15 Experiments

* Comprehensive— From Vector Addition to Simple Machines

* Easy Setup— Magnetic Mounting

Formulas and Variables

Can be written on the
experiment board with a
dry-erase marker, then
wiped clean.

A complete lab system
for demonstrating the
basic concepts of simple
machines, vector forces,
torques, and more.

Durable, Low-
friction Pulleys

Will withstand years
of classroom use.

Three Accurate
Scales

Including the sensitive
spring balance shown
here— are provided
for measuring forces,
angles, and loads.

Magnetic
Mountings
Allow precise
repositioning
for constructing
accuraie vector
angles.

A Degree Scale

(In this experiment)

gives the angle of the
vector force required
to balance two others.

Porcelain
Coated Steel

Pulley,

- All the Accessories
. You Will Ever Need

. Including thread, mass
~.hangers, and masses.

Circular Magnets

" Cireular
Magnet

it b St R

Designed for Students...

First-time physics students have enough on
their minds without unnecessary frustration
in the lab. So this system is designed to elim-
inate many of the problems that are common
in statics experiments.

Unique features include:

Magnetic Mounting— For quick sctup. ...and Designed for Teachers

The same features that make this an ideal
system for students make it convenient for the
wstructor. You'll spend less time helping stu-
dents use the equipment, and more time help-
ing them understand the physics. For small
casses it's an excellent demonstration system.

Special Mass Hangers— Just wrap a fow
turns of thread around the mass hangers
They'll stay put. (No need to cut the thicad
to length or tie it to the hanger.)

* Drop-proof Masses— The musses stide over

posts. They can't fall off.

* Accurate, Built-in Scales— For example,
built-in plumb bob and degree scale indicate
the angle of inclination of the inclined plane.

You can write on the experiment board with
wdry-crase marker. The storage box keeps
everything, including the board, in its place.

I1J/:X160° 800-772-8700

Experimental devices are secured
to the board by magnets that will not
slide around but are easily repositioned.

Convenient Storage Box

In a box that is not much bigger than a
briefcase, foam cutouts keep each piece of
equipment i its place - including the
demonstration board. The 15-experinent

manual is not shown.
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Clear, Accurate Demonstrations The ME-9299 Introductory Mechanics
’

System includes:
T fvestiate sl

- Experiment board
coated steel surface

\ r!’h/ \foIl’ friction X 45 (In;l)()rcelaln-

| crinent Y
\ v Spring balance— calibrated in Newtons,
g gr. and ¢m. with zero adjust
: \ - Three pullevs— two small, one large
- Degree scale— with holding pin and force ring
- Torque wheel— with four torque indicators
- Balance bar— with pivot and two sliding hooks
- Inclined plane— with plumb bob and
degree scale

- Rolling mass— with two-way bracket

- Friction block— variable area, wood, and
Teflon surfaces

- Planar mass— for center of mass measurements
- Double pulley block— for block and tackle

experiments
- Three mass hangers— 5 g

- Brass masses—2x 100 g 2x50¢g
4x20¢g 2x10¢g

...then analyze forces
on an inclined plane.
Note the plumb-bob
indicator that allows
you to read inclination
angles from a built-in
scale (Experiment 8).

- Thread

- Experiment manual— fully illustrated with
worksheet-style experiments.

Investigate non-parallel
forces with the torgtie wheel \% EXPERIMENTS:

&
?

Experiment 4)

asic Experiﬁiénté

'. 3. Resolving Forces——— Components
" 4, Torque— Non-Parallel Forces.
5. Torque— Parallel Forces. '

6. Center of Mass.
Advanced Experiments:
7. Equilibrium of Physical Bodies.
8. Forces on an Inclined Plane.
9. Sliding Friction.
10. Simple Harmonic Motion— Mass on a
Spring.

i parallel forces with the balance beam (Experpaei 5). 11 Simplc Harmonic Motion - the Pendulum.

Simple Machines:
12. The Lever.

Mass Hangers 13. The Inclined Planc.

When hangigg mass hange: 14. The Pulley.

dor't need 1o te the hangers o the 15. Dcsigning a Beam Balance.

oy istwrap the string il ——————

the mass hanger as shown it

TO ORDER:

Introductory Mechanics System
ME-9299 610

800-772-8700 HZ:L{H e’
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Introductory Dynamics System (1.2 m)

ME-9429A
Catalog Page: 52

| Product Description | I'xperiments | What's Included |

o Simple, Accurate, Affordable
e Complete Linear Dynamics Lab
o Wide Range of Accessories

Catfou! Delail

| Catout etai

e — — MRt T, Tty oy e -

ME-9429A Introductory Dynamics System (1.2 m)

INTRODUCTION

PASCO's rugged and versatile Introductory Dynamics System (IDS) includes everything you will need
to introduce linear motion. Your students will confirm Newton's Laws, investigate acceleration on an
inclined plane, collect data on elastic and inelastic collisions, study conservation of energy, and much
morc.

FEATURES

¢ 1.2 m Track-- Provides
accurate alignment and low
friction. The 1.2 m track is
long enough for all
standard
experiments,including
collisions, yet it fits easily
on a standard lab table.

hllp'//www2_pasco,com/producls/producls.tal‘?ﬁmction:dctail&PartNumber:ME-()429A 8/17/99
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Sec Related products below for
details on the ME-9452
Introductory Dynamics System
with a 2.2 meter track.

e Accurate Alignment--
Precision wheel slots keep
the carts accurately aligned
and the built-in leveling
screws ensure a level
surface on any lab table.

e Tilts to Any Angle-- The
track mounts to a standard
12.5 mm (1/2 in.) 1ab rod
(not included) and tilts
casily for inclined plane
experiments.

o Easy Measurement-- A
measuring tape calibrated
in millimeters is
permanently mounted on
the track.

¢ Durable-- The track is a
tough aluminum extrusion.

e Better than an Air Track

The Dynamics Systems
provide such low friction
that many teachers prefer
them to air tracks. Here's
why:

o Alittle friction can
be good-- Air tracks
must be extremely
straight and level.
But PASCO's
Dynamics System
provides good
results on a
reasonably level
surface. Setups are
quicker and a cart
stays put until you
apply a force.

http://'www2. pasco.com/products/products.taf?function-detail& PartNumber=ME-9429A 8/17/99
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o A quieter lab-- No
air blower.

o More varied
experiments-- You
can work with
steeper inclines, a
greater range of
masses, curved
surfaces, etc.

o Much less
expensive-- Buy a
complete PASCO
Dynamics System at
less than a third of
the cost of an air
track and air supply.

RELATED PRODUCTS

IDS_Systems
PASCO_Carts
Dynamics_Cart_Accessories

To contact PASCO, If you experience problems .- Made with
send e-mail; please contact us: ‘Macis
sales'@pasco.com webteam@pasco.com © Copyright 1996
PASCO scientific
All rights reserved

http://www2 pasco.com/products/products.taffunction=detail& PartNumber-ME-9429 A 8/17/99

1




Introductory Dynamics System (1.2 m)
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ME-9429A

Lage 1 olo

| Product Description | Experiments | What's Included |

SAMPLE EXPERIMENTS AND RESULTS

With Teacher's Guide and Sample Data.

Brief descriptions of 21 experiments are
provided. Full write-ups with illustrations and blank data tables are provided for the following
15 experiments.

Note: Experiments 1-6 are also included with a PASCO Dynamics Cart (ME-9430 or ME-9454) if purchased

separately.

1. Kinematics (Average vs. Instantaneous Velocities).
2. Coefficient of Friction.
3. Newton's Second Law (Predicting Accelerations).
4. Cart Calibration (Measuring the Spring Constant).
5. Rackets, Bats and "Sweet Spots."
6. Sliding Friction and Conservation of Energy.
7. Conservation of Momentum in Explosions.
8. Conservation of Momentum in Collisions.
9. Simple Harmonic Oscillator.

10.  Oscillations on an Incline.

11. Springs in Serial and Parallel.

12. Newton's Second Law.

13. Newton's Second Law II.

14. Acceleration Down an Incline.

15, Conservation of Energy.

http://www2 pasco com/products/exp.taf?function=exp& PartNumber=ME-9429A

8/17/99
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Experiment 7: Conservation of Momentum in Explosions

In an explosion. with no external forces, mlvl = m2v2 . where v1 and v2 are the respective velocities of the carts. This
means that the ratio of the velocitics is inverscly proportional to the ratio of the masscs. Arrange the carts so that after
the explosion cach cart hits the end of the track at the same time. With the times the same. the ratio of the distances is

inversely proportional to the ratio of the masses. Check the distances to verify the theory.

Hursnoriv Spring (k)

e

.595 o

_A._.-,-,r‘-f"‘»‘v' \ Angle of
_5-::;"":'; ¢ Inchination

Experiment 10: Oscillations on an Incline

Measure the period of oscillation (T) of the dynamics cart on the harmonic spring. Then measure the mass of the cart
(m) and calculate the spring constant of the spring (k). Finally, calculate the theoretical period of oscillation and
comparc to the actual period.

http://www2. pasco.com/products/exp.taf?function=exp& PartNumber=ME-9429 A 8/17/99
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Experiment 15: Conservation of Energy

Mecasure the spring conslapt of the plunger spring (k) by compressing it a distance (x). Then measure the mass of the
cart (m) and the angle of inclination of the track (@). Use conservation of encrgy to predict the distance the cart will

travel up the track after the plunger is triggered.

To contact PASCO, If you experience problems i Made with
send ¢-mail: please contact us: g’ Maci)s
sales@ pasco.com webteam/a pasco.com © Copyright 1996
PASCO scientific
All rights reserved

http://'www?2. pasco.com/products/exp.tat'?function:exp& PartNumber=ME-9429A 8/17/99




Introductory Dynamics System (1.2 m)

ME-9429A

Ldpe b Ul o

| Product Description | Experiments | What's Included |

PASCO Carts— The Key lo a
Complele Dynamics System

PASCO Dynamice Track The ME-8430 Plungsr Cart and the

A1 200 2.2 mater rack provides an ME-2454 Collison Cart arg tha parsct

exceflant plattorm for studants to vehides for studying etastic and inelastc

&Xpanment wih machanics concapts colligons, Bxplogions, momantum and

With preosion wheel slods built-in, your mpulse Durable and versatile. PASCO :

carts will roll strasght no matier what typs carts withstand just abont any stuoants

ot axpenment you try. foray into tha workd of machanics 9
End Stops

Provide both magnets for kow-1oss
elastc colisonsor Velcrod: tabs
for nglaste collimons,

T-shols

Allow easy sttachment of end stops, levetng fest,
photogata mounts and other acoassones. T-slots
span the aatire langth of the radk on both mdes.

W%M— S E L;voIMFoﬁl u

: Caltout Detail

Scale

An easy to read scale,
with milhmatar Increrments.
15 parrnanantly attached
to the track.

s, &
3 % .
& -

Parmit easy lavaling of rack
cn almost any surtace

The ME-9429A Introductory Dynamics System (1.2 m) includes:

ME-9430 Plunger Cart

ME-9454 Collision Car

1.2 meter Track

Fixed End Stop and Leveling Screw

Super Pulley with Clamp

2 Neodymium Magnets (for Plunger Cart)
3 Harmonic Springs

Friction Block (with 2 different surfaces)
Rod Clamp (for tilting the track)

2 Experiment Manuals

N B BN o

h— —

http://www2.pasco.com/products/products.taf?function=included &PartNumber=ME-9429A

Adjustable End Stop (with magnets and Velcro pads)

8/17/99




12. Two 500 gram Masses
13. ME-9495 Angle Indicator

To contact PASCO, If you experience problems
send e-mail: plecase contact us:
salcs@pasco.com webteam@pasco.com

http://www2.pasco.com/products/products.tat‘?function=includcd&I’artNumbcr=MIi—9429A

22 Made with
A MacOs

© Copyright 1996
PASCO scientific
All rights reserved

L o

8/17/99
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Introductory Dynamics System (2.2 m)

ME-9452
Catalog Page: 52

| Product Description | Experiments | What's Included |

e Simple, Accurate, Affordable
o Complete Linear Dynamics Lab
o Wide Range of Accessories

l Cattaut Delai!

ME-9452 Introductory Dynamics System (2.2 m)

INTRODUCTION

PASCO's rugged and versatile Introductory Dynamics System (IDS) includes everything you will need
to introduce linear motion. Your students will confirm Newton's Laws, investigate acceleration on an
inclined plane, collect data on elastic and inelastic collisions, study conservation of energy, and much
more.

FEATURES

e 2.2 m Track-- Provides
accurate alignment and low
friction. The 2.2 m length
1s ideal for demonstrations
and for experiments
requiring extended
accelerations or more than
two carts.

hltp://www24pasco.com/products/products_ta1'?funclion‘v:dclail&l’artNumbcriME-‘MSZ 8/17/99
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Sec Related products below for
details on the ME-9429A
Introductory Dynamics Systcm
with a 1.2 meter track.

o Accurate Alignment--
Precision wheel slots keep
the carts accurately aligned
and the built-in leveling
screws ensure a level
surface on any lab table.

o Tilts to Any Angle-- The
track mounts to a standard
12.5 mm (1/2 in.) lab rod
(not included) and tilts
easily for inclined plane
experiments.

¢ Easy Measurement-- A
measuring tape calibrated
in millimeters is
permanently mounted on
the track.

o Durable-- The track is a
tough aluminum extrusion.

¢ Better than an Air Track

The Dynamics Systems
provide such low friction
that many teachers prefer
them to air tracks. Here's
why:

o A little friction can
be good-- Air tracks
must be extremely
straight and level.
But PASCO's
Dynamics System
provides good
results on a
reasonably level
surface. Setups are
quicker and a cart
stays put until you
apply a force.

o A quicter lab-- No

http://www2Apasco.com/products/productstat‘?funclion:dctaiI&PartNumber:M [-9452 8/17/99
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air blower.

o More varied
experiments-- You
can work with
steeper inclines, a
greater range of
masses, curved
surfaces, etc

o Much less
expensive-- Buy a
complete PASCO
Dynamics System at
less than a third of
the cost of an air
track and air supply.

RELATED PRODUCTS

IDS_Systems
PASCO_Carts
Dynamics_Cart_Accessorics

To contact PASCO, If you experience problems
send e-mail: please contact us;
salesipasco.com webteam@pasco.com

http://wwa.pasco.com/products/products.taf'?ihnction:detail&PartNumber=ME-9452

g: Made V_tjiltl
S Mace s

© Copyright 1996
PASCO scientific
All rights reserved

Fage o ol

8/17/99
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Introductory Dynamics System (2.2 m)

ME-9452

| Product Description | Experiments | What's Included |

PASCO Carts— The Key lo a l Caltou! Delail
Complele Dynamics System
PASCO Dynamics Track

re ML a5l it e

O LI A ARy cecvdes an
SEAMITTION 5taDs
" MEshanic
AN whes| ziote {11 B o
SEMS will 23 straight no Tater whit teps
Gt axpenrast you try

SO L0MELn Ui

Scale

A7 QXSY 10 7537 ials

w17 netsr Intiements.
5 Lermanent y 3atached
0 The track

End Stops

Frevide DUIh magnets “of wa-loss
3:3shC Tolisonsar velereor tats
or alaste collisors

*]‘ e —~ T e ]
T-slots Leveling Feet
REYA €237 ARACIMeNt Of 4nd o, g fest .: ;.1,::. e_ak;r‘c \;:an‘ng’ " e
£hCI0gAlS MTouis and other acosssreas, Joalons I A

span the eciire kemzh of the Tack o bots SiES

The ME-9452 Introductory Dynamics System (2.2 m) includes:

ME-9430 Plunger Cart

ME-9454 Collision Cart

2.2 meter Track

2 Adjustable End Stops (with magnets and Velero pads)
Super Pulley with Clamp

2 Neodymium Magnets (for Plunger Cart)
3 Harmonic Springs

Friction Block (with 2 different surfaces)
Rod Clamp (for tilting the track)

2 Experiment Manuals

2 Adjustable Feet

— O 00N AL~

—_— —

http://www?2. pasco.com/products/products taf?function=included& PartNy mber=MFE-9452

8/17/99
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12. Two 500 gram Masses
13. ME-9495 Angle Indicator

To contact PASCO, If you experience problems gg‘ Made with
scnd e-mail: please contact us: = Macs
sales pasco.com webteam@pasco.com © Copyright 1996

PASCO scientific
All rights reserved

http://www2 pasco.con/products/products.taf?function=included& Part Number=ME-9452 8/17/99
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Complete Rotational System

ME-8950

Catalog Page: 78
| Product Description | What's Included |

e Most Versatile System Available
o Stable Base
o Low Friction Bearings

A~

ME-8950 Complete Rotational System

INTRODUCTION

The system's easy setup, simple measurements, wide variety of experiments, and increased accuracy
help students understand both the basic and more subtle concepts of rotational motion.

PASCO's Complete Rotational System provides a full range of experiments in centripetal force and
rotational dynamics.

RELATED PRODUCTS

ME-8964 Faraday's Law Accessory

NOTES

The Complete Rotational System components may be bought separately.

http//www2 . pasco.com/products/products.tat’tunction=detatl& PartNumber=ML-8950 8/26/99
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send ¢-mail: plecasc contact us: Mac:
salcs @ pasco.com webteam g pasco.com O Copyright 1996

PASCO scientific
All rights reserved
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Appendix 3:

Engineering Mechanics Studio Classroom Software




Working Model® Motion
Working Model FEA
Working Model 2D

s e /) w3 (m/s) pd (m/s] vs. x (s)

A
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Annotation such as
notes and dimen-
sions facilitate
design collabora-
tion between work
between student
and instructor.

'
L]

With a rich set of native drcwing tools, the
abilty 1o mport o wids variety of CAD
formats and odvanced rendering technol
0gy, students, educators ond professionals
can rapidly build models to simulate the
physical world. Working Mocs! toion is
particulurly well suited for odvanced st
dents who design fest. refine ond verify
mechanical and biomechonical assemblies
Photorealistic rendering, texiur me

annotation and dinensioning copahili

allow educators 1o procucs Aeguatity

demonstiations for confe

s ond the

classroom. With an embedd=d ohine:

browser ond intuitivels simaie uer mier
face, impressive <imesimon, oo ossibie

within minutes of et

Design mechanisms with pin joints,
slots, motors, ropes, springs, dompers
ong grovity

Simulote contoct, collisions and friction
Import geometry from leading com-
puter cuded design (CAD) packages
Keyfrome onimation for bodies,
comezos and lights

Far gssembly mates

nput ialves from equations,
shedere end tobles

View. autput os numbers, grophs or

veeie< o English or metric units




Ve educational fool tor <t
thermal analysis aind desion

With the ability to megsyre
stiess, strain, heat tiansfer,
buckling ond vibration, gng-
lysts con answer the ques-
tion “will it break?” The
easy-touse Working Model
FEA interface engbles sfy-
dents, educators gnd pro-

fessionals to rapidly build
complex models and fest,
tefine ond verify mechanical or biomechan:
cal ossemblies. Working Mode! FEA s par-
ficularly well suited for the advanced design
student and for classroom demonstrations
of sophisticated strycturgl phenomenon in
strength of materigl closses

Built on MSC Nostran fechnology
Structural analysis: stress, deflection,
buckling and vibratian anlysis
Steady-state heat transfer with conduc-
fion and convection

Single-window integration with
Mechanical Desktop, Solid Edge and

Associative inks with CAD geometry
for loads, restraints gnd meshes
Stondard Windows interfgce

numbers, graphs or




The standard for stafics, dynanies, ulrmtmm

and controls
simulation i

o

A diverse set of

drawing ond mathe-
matical tools enable
students, educators

Rwa b | Rune e simuletion

and engineers to

Reset Avedd vortly prototypes by buteng |~
medats  Verting Hadel st hing 1
Striation, Vorking Hedel peovider =1

ALO] troartontinfarmation en car 1ied iy ey \
LQ‘“ "

rapidly build complex

Nood scorter stiens
OE‘m soorters

models simulating

the physical world.
Never before has it been so

Time 0220s

easy fo set up an experiment
ond explore “what if” scenor
ios. Working Model 20 makes

it possible to visuolize scientific

concepts taught in the closs- . o
: . o Design linkages with pin joints, slofs,
room making course material more relevant ,
motors, 1opes, springs, dompers and

grovity
o Simulate contadt, collisions and friction

and enjoyable. Further enhancing the inter
active student-teacher experience, Working

Mode! 20 provides tools to design, test,
' . . , Analyze structures with flexible beams,
refine, ond verify mechanical, biomechani

. shear force and bending moment dio-
cal and structural assemblies. g

groms
o Input 20 CAD drowings in DXF format
N S

T Wiew_Wbject_dutine_Hessure Script _bindow (D, o Input values from equations, sliders

] Henus [ e e o it o i)

- o (1,2,0 kd inks
‘mw- H and DDE links to Matlab and Excel
wondrue o View output as numbers, graphs of
40 32 Ratle

vectors in English or metic unifs
o (reote visually appealing presentations

with biimop aftachient




| Easy Cuniculum Integration

Homework Edition

Empower your students to use Working
Madel 20 for out-ofthe-clossroom assign-
ments, infernet projects and take-home
examinations. The Homework Edition soft-
ware hos oll the power and ease-of-use
teachers depend on in the dlassroom. With
the Homework Edition, students can build
models with bodies and constraints, meters
and input controls; run simulations, print
and save on their home computers.
Available to current customers with o least
0 10-user license of Working Model 20,
Homework Edifion is sold in increments of
fifteen CO-ROMs, additional manuals not
included. Contact MSC.Working Knowledge
sales for more information.

Texthook Partners

Working Model 20 simulations allow stu-
dents to comprehend physical concepts with
virtual experiments that can be reiterated

with various parameters. In oddition, o
number of textbook publishers offer
prepackaged simulations to elaborate exer-
(ises. These packages include a Warking
Model 20 player to run the simulations pro-
vided and change their parameters, but not
customize or reate models. Packages only
available from the textbook publishers.

Curriculum Support Products:

o (omplement textbook chapters

o Offer texts, workbooks and exercises
for easy lesson planning and grading

o Enable students fo quickly explore
textbooks examples

Use with your texthook to:

o Interest and motivate your students
o Clarify abstract topics

«  Encourage cano attitudes

o Provide excellent in<lass demos

o Reduce lesson preparation time

PUBLISHER TITLE AUTHOR
McGraw Hill, Inc. Design of Machinery Robert L. Norton
Vector Mechanics for Engineers  Ferdinand P, Beer &
Statics and Dynamics Russell Johnston, Jr.
Prentice Holl Engineering Mechanics Anthony Bedford &
Statics ond Dynamics Wallace L. Fowler
Engineering Mechanics R.C. Hibbeler -]
Statics and Dynamics
MSC X SOFTWARE

! SIMULATING #LALITY




SYSTEM REQUIREMENTS

Working Model Motion &
Working Model FEA

o Windows NT 4.0,
Windows 95 or lofer
Pentium-based PC

o Video tord and monitor
copable of 16+bit color
64MB minimum

o 16 MB RAM Recommended
o (D-ROM drive (insrollmioﬁ'fo‘rﬂ

Wi ok oy aadc!

MSCWorking Knowledge

66 Bove! Kosid e
San Raten, £ vddr
800 76¢ (SR Y

hh0 474

winmby oo
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Multimeqia Engineering Dynamics

Multimegia Engineering Dynamics (M.E.D.) contains 43 cre.
ative, real-worlg problems ‘that €xplore all of the major concepts
Covered in g typical engineering dynamics Course,

lntegratmg M.E.D. Into Your Study Or Teaching
P

M.E.D. can be used for Self-study, lecture demonstration, lab
activities, tutorial help or assignments.

If you are using M.E.D. On your own for seif—study, be sure to
check out the appendixes for important reference information,

for solving them. A key feature of M.E.D.is the inclusion of
robust Simulations that allow the user to Manipulate the Physical
Situations described jn the problemg and see what is really hap-
pening.

If you are an instructor who is interested in using M.E.D., you
should also check out the “Book” feature for Mapping M.ED. to
the textbook you have adopted. Thig will help yoy integrate

.E.D. into your syllabys. You may want to require that sty,-
dents purchase persona| Copies of MED., and/or stock your
lab with Copies of M.E.D. for seif»study, tutorial Sessions or
assignments. Yoy can also yse MEDs animations ang simu-
ations in lectyre demonstrations to help convey important con-
cepts, Instructors are €ncouraged to Participate in an On-line
discussion group for M.E D users via oyr web site:

http://www.awi.a w.com/new/med/usergroup/us'ergroup.htmi.

You can also contact us via emajl: awi-info@aw‘com.




M.E.D. combines the benefits of engineering theory, explana-
tions, descriptive animations and tutorial material with powerful
interactive simulations that illustrate the engineering concepts
being taught.

M.E.D. Authors and Developers:

Dr. Kurt Gramoll is a Professor of Aerospace Engineering at
Georgia Institute of Technology. For a number of years, he has
been involved with multimedia development and research on
the use of multimedia products in education.

Rob Abbanat is an engineer, and president of Engineered
Multimedia, a multimedia development company in Atlanta,
Georgia, specializing in scientific and technical multimedia prod-
ucts for higher education. Engineered Multimedia was responsi-
ble for developing M.E.D.

AWI Partners:

Knowledge Revolution is a software-development company in
San Mateo, California, specializing in the development of soft-
ware tools that model complex mechanical and physical
systems. They produce and distribute two powerful, widely-
used products: Working Model and Interactive Physics.

Working Model is a powerful modeling tool that can be used to
create models of mechanical systems. Working Model was
used to create most of M.E.D.’s interactive simulations and a
special Working Model “player”, included on this CD-ROM, is
used to run these simulations.

For Additional Information:

*You can contact AWI on e-mail (awi-info@aw.com). Use
email to request specific information, to ask questions about
M.E.D., to seek technical help using M.E.D., or to report a
problem.

oIf you have access to the world-wide web, you may find our
web pages interesting and informative. This is a good place to
find out what other multimedia offerings are available from
Addison-Wesley Interactive. We are developing products in
engineering, mathematics, physics, and astronomy. You will find
guided tours to these products from time to time. You will also
find web-pages that list technical information, helpful hints, and
a place for requesting technical assistance or reporting a
problem. Come spend some time with us and find out what we
are up to: http://www.aw.com/awi.html.
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The M.E.D. CD-ROM

Runtime executable programs for the Macintosh and Windows
platforms.

Working Model player from Knowledge Revolution. This version
of Working Model allows you to work with the simulations
included in M.E.D. This version of Working Model also allows
you to open any simulation that has been created in Working
Model, and allows you to create your own simulations (see the
section on Working Model at the end of this booklet).

Apple’s QuickTime system. This is used for M.E.D.’s audio and
animations. A Windows version and a Macintosh version of the
QuickTime player are on the CD-ROM. See the load instruc-
tions and refer to the README file for instructions on using this
material.

System Requirements for M.E.D.

The minimum recommended computer configurations for
Windows and Macintosh computers are listed below. As with
most software, if your computer system is more powerful than
inimum requirements, you will enjoy better response
time, faster transitions, smoother audio and movie playback,
and faster running simulations. |f your computer system has
only the minimum requirements, the performance of this product
will be good, as it was engineered to run on computers of this
configuration. If your computer does not have the minimum




Appendix 4:
Engineering Mechanics Studio Classroom

Textbooks and Videos




Textbook:
Vector Mechanicsfor Engineers: Statics and Dynamic, F. P. Beer and

E. R. Johnston Jr., McGraw-Hill, Sixth Edition, 1997.

Reference Textbooks:

1. Engineering Mechanics: Statics and Dynamics, Pytel and Kiusalaas
Brooks/Cole, Second Edition, 1999.

4

2. Engineering Mechanics: Statics and Dynamics, W. P. Riley and
L. D. Sturges, Wiley, 1993.

3. Engineering Mechanics: Statics and Dynamics, J. L. Meriam and
L. G. Kraige, Wiley, Third Edition, 1992.

4. Engineering Mechanics: Statics and Dynamics, B. 1. Sandor,
Prentice-Hall, Second Edition, 1987.

5. Engineering Mechanics: Statics and Dynamics, D. . Mcgill and
W. W. King, PWS-Kent, Second Edition, 1989.

Videos:

Engineering Mechanical Concepts, Multimedia Engineering




“ngineering Mechanics
Studio Classroom

Figure 1
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