Ongoing Advancement of the Physics Toolbox
Physics IQP

January 15, 2009

Kyle Pydynkowski
Bennett Lessard
Konrad Perry
John McGinley
Bennie Jones



Table of Contents

Chapter 1: Introduction Page 3

Chapter 2: Doppler Experiment 5

Chaper 3:Energy Lab 10

Chapter4Hot Wheel s Vi deo and 1%t i | | Fr ame

Chapter 5: Applets and Their Instructional Functionality 29

Chapter 6: Organizational Team Management 42
Chapter 7: Conclusion 55
Bibliography 58
Appendix 59
1. Doppler Laboratory 60
2. Energy Laboratory 64
3. Power Poih Presentation 71
4. Applet Java Code 72




Chapter 1: Introduction




The inaugural efforts of the Physics Production Corporation have begun to
compile an innovative physics toolbox to help incoming students deeeldetter
understanding of basic physics concepts. The goal of this project was to reshape the first
year laboratories of the WPI Physics Department. To achieve our goal we created new
At ool so for the Physics tool boirawaythate mpti ng
would be innovative and exciting for the students. During its inaugural term, The Physics
Production Company developed two experiments, several web applets, and an
introductory video for one lab experiment. One of the experiments was agbroaricept
for the Doppler Effect. Using a setup of buzzers and microphones the Doppler Effect can
be measured using a sound analysis program called Spectrum Lab. The second
experiment was an energy lab designed around HotWheels cars. Students will combine
the Vernier software with HotWheels equipment to come up with solid evidence of the
laws of energy. To enhance this lab, an educational video was created in order to give
students a preview of what they will see in their lab session. By seeing thestigsents
will have a clearer understanding of what they should be doing in lab and be able to use
their time more efficiently. In addition to these tools, several assisting and simulation
applets were designed for the toolbox. Posting the applets onlihallw easy access
for the students at any time. These tools should lay the foundation for future
advancements of the physics toolbox by other IQP and possibly MQP students, as well as
enhance the current state of the Physics Department. All of thegetaols are far
different than anything that has been seen by freshman taking the introductory Physics
classes thus far. These differences should capture the attention of the students who

otherwise would not be interested in an introductory level phygsigsse.
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In the Ongoing Advancement of Physics Toold@P, Kyle Pydynkowskilike
Konrad Perry, wasesponsibldor the creation o& Physics lab that could be used in any
of the freshman Physs courses.The goal in creating a lab was to maketeresting to
the studentsn order tomake them want to learand come to class.The labshould
engage and involve all of the students in ltladd. Every student should have an equal
amount of workto do so that all the students haueopportunity to learn.The topic of
the lab should be interesting as well as aid the professors in teaching the students in a
complimentary way to their lecture&inally, the lab would be an original idea, in that i
would let the students see the topic in a new light instead of seeing the same examples
over and over again.

As the IQP begarthe topic that was chosen was the Doppler Effeetowever,
after the original idea for the lab was thought out and testedklyrua problem arose.
The first idea for a lab was to use a frictionless cart, a position sensor, a speaker, and a
microphone to demonstrate the Doppler Efféddts i ng a program call ed 0
emit a sound with a single waveform, a speaker aoaisition sensor were both placed at
the same end of a traclOn the other end of the track was a pulley with a hanging mass
on one end of the string and the frictionless cart on the other end of the Snngp of
the cart was a microphone that wased at the speaker at tbtherend of the trackThe
setup can be seen in Appendix.3®ith the sound from the speaker playing a single
frequencyand t he microphone analyzing it i n a p
hanging mass and cart were to eeased and consequently displaying the Doppler
Effect i n the 0Jspetoisexpermert, ¢hé siudeta toald have used

the data that they recorded to find velocities and frequencies of the source (speaker) and



listener (microphone) fromhe equations that can be found relating to the Doppler Effect.

vV,

fU:f

These equations includ oFV where § is the frequency of the observer or
listener, {is the frequency of the source, and v is the speed of sound, approximately 343
m/s at 20°C. The signs ilé equation are determined by the directions the objects are
moving and can be used in any combinatidhaowever, in order to obtain reasonable
effects from the Doppler phenomenon, the velocities needed would be too high for the
equipment andgpace that # students have in the lab rooms. Trying to make a cart
move at a speed of approximately three meters per second in a small space, without
letting it crash or get out of control, seemed to be almost impossible. This lab, although
impractical to carry auin the lab space and with the equipment that the students have,
would be an excellent way of portraying the Doppler Effect to incoming freshman.

After realizing that the original design would be unrealistic, a new labeked
be designedThe solutionwould have to be a vaation of the Doppler Effeatlescribed
above In creating another Doppler Effect experiment, the same general idea of the
Doppler Effect is still appareriiut we need to ask ourselves a new question: Is there
another way to have rtion in opposing directions&fter some thought we realized this
could be easily achieved with a rotating device. The idea for this lab came from the ideas
of Astronomy and the rotation of a galaxy or a star. In astronomy, the light spectrum is
used to deermine the direction of movement, however in this lab; the sound spectrum
will be used.

The new Doppler Effect experiment uses an AC electric motor, two sound sources

(in this case buzzers with nine volt batteries), an Auto Transformer, and a miceophon



The setup can be seen in Appenditl. 3ln this experiment, the motor is equipped with a
wooden blade, similar to a helicopter blade, with a buzzer and nine volt battery mounted
on either end. A microphone andmalLabmput er
installed on it were used to collect and analyze the data for this experiment. First, in a
qui et room with no di stracti ons, t he NnSpec
computer. After waiting for approximately five seconds, one of the buzzess wa
connected to its nine volt battery. The natural frequency of the buzzer was shown in
ASpectrum Labd as the data was <coll ected.
Labo during this part of the exper nedent was
the frequency of the buzzer. After sufficient data was collected, the motor was turned on
and sl owly began to pick up speed as the da
Lab. o During this part of the #eapleand ment ¢t I
take form. The lines in the spectrum from the buzzer began to broaden more and more
until the motor reached full speed.

Again, the motor ran for a few seconds so that the data could be collected. The
Doppler Effect was clearly visible inighportion of the experiment and was shown as a
series of broad harmonic sections in the spectrum. When sufficient data was collected,
the motor was slowly tilted toward the microphone to a ninety degree angle. As the
motor was tilted, the Doppler Effetdssened and the spectrum became stronger towards
a specific frequency. The motor was run for a few more seconds at a ninety degree angle.
The broad sections in the spectrum got more narrow and had a more distinct and vibrant
frequency in the middle ahe sections. In the ideal case the Doppler Effect would be

al most unnoticeabl e when the motor was at a



distance from the microphone would remain constant. This would be seen once again as

a series of harmoniclies i n ASpectrum Lab. o Finall vy, t
the sections of the spectrum slowly narrowed back to a series of lines as the motor came
to a stop. The complete results can be seen in Appercixg.3d.

Due to the limited amount of tiento finish the IQP, the Doppler Effect
experimentwas never put into a laboratory format and tested by other students. In the
upcoming years of this ongoing IQP, a lab could be made quite easily from the ideas and
findings of this experiment. A proof obacept has been established with this experiment
and its success. In the future however, a louder buzzer would be an improvement to look
into. A louder buzzer would allow the microphone to recognize the sound from further
away. With the microphone furth@way, the change in the Doppler Effect would be
more noticeable when the motor was tilted to a ninety degree angle. Also, with a louder
buzzer and the microphone further away, the microphone would not collect as much
noise from the sound of the motor rungj as well as the noise from the wind that the
blade creates. Another improvement that might be worth looking into would be a buzzer
with a single waveform frequency. Having one distinct peak and no harmonics would
result in a spectrum that demonstratée Doppler Effect more clearly. Ultimately,
through a creative lab, the students could learn about the Doppler Effect in a fun and

interesting way.
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Background

This IQP was deigned to be the first of an ongoing process to improve the overall
quality of the labs in the Physics department. Students who have already gone through
the courses were to use their own experiences to come up with improvements for the labs.
After much tlought and consideration, energy was chosen an area that needed
improvement. Every lab that dealt with energy always seemed to be handled with some
type of springs. While some people may not have any problems with springs, after
enough labs, they become imak. At this point, the basic direction for the experiment
had been chosewhile the details still remained.

The ideas for the experiment did not flow as had been expecstddafter a while
the search had been broadened to include springs. It seemed thatteohow boring
springs were, they were going to be a part of this experiment. However, the more the
topic was researched, the more options and creative ideas seemed to appear out of
nowhere. There were ways that a spring could be incorporated intothalamade it
exciting and interesting as opposed to the labs that Konrad Perry had experienced in the
past. After all the research had come to an end, a lab was finally chosen. It involved
attaching a spring to a cart on one end and a frictionless trdbk wther and measuring
the spring constant, force, and acceleration after giving the cart a push down the track.
This experiment would be different than previous labs because it would involve both
students to ensure that the cart did not crash andotalwoul d i nvol ve fhi ghc
which would stimulate studentso6é interest. Al

there were several roadblocks that were encountered almost immediately.
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Spring and Cart Lab

The idea of the spring and cart ldlad included all of the necessary
aspects that were required for this project, it was all there in theory, but the bugs had yet
to be worked out. The first major problem encountered was the positioning of the sensors.
Because the cart would be attachedhi track via the spring, it was unrealistic to place
any type of sensor in between the two simply because if the student happened to miss, or
forget to grab the cart before it hit the sensor the school could be out a great deal of
money. The next issue wdhat it seemed imprudent to let the car crash into the end of
the track without any type of interference. After much consideration, solutions were
brainstormed; however none of them quite satisfied all of the early expectations of the lab.
As the writingof the lab procedure commenced, and was tested by the guinea pig in the
lab, it became more and more evident that this lab was not what had been envisioned. It
was starting to look like any other spring lab that had been attempted in the past. So,
when slortly after the testing an idea about a fsmming based energy lab surfaced, it
seemed much more appealing than what was happening with the spring lab. Once again,
the student experimenter was questioned and asked what his thoughts were on both of the
labs. The spring lab was deemed not quite as interesting and exciting as this new idea,

and so the energy lab started heading in a new direction.

Hot Wheels Experiment

12



Due to the fact that the spring lab seemed to become duller with each day that passed,
there was a dire need for something new and different. In one brainstorming session with
Germano lannacchione, and idea came up to use flexible tracks and cars to model Kinetic
and Potential Energy. This new lab design would mean moving on to somethingréar
different than what we have done in the past. The physics department had never used
anything like this before, which is one of the reasons that it was so appealing. However
that also meant that none of the materials were readily available. Aftertagevo the
local toy shop though, this problem was fixed, and work soon began on the new project.
Two experiments were chosen for the final lab. The first of these

experiments involves the use of photogates to measure velocity. The second experiment
utilizes a force sensor to measure force and impulse. The track is set up in a gradual
downward slope with its base 100 cm from where it peaks at 90 cm. There is one
photogate set up where the track flattens out and another 40 cm further down the track.
The student will choose 3 heights from-80 cm use their knowledge of energy
conservation to calculate what the maximum velocity of their car should be. They will
then drop their car from each of those heights three separate times. The photogates in
combindion with the Vernier software will measure the velocity of the car as it passes
underneath them, giving the students a velocity under each photogate. The student will
then calculate the percent error of the velocity to see how well the energy conservation
laws are upheld.

In the testing and analysis of this section of the lab, the cars consistently have a

velocity that matches the expected velocity within 6% at the first photogate. At the



photogate that is 40 cm further down the track, that error omiypguslightly and has a
maximum of 7% error. Another important note is that at no point was there any major
issue or problem in the photogate part of the lab. It ran smoothly form conception to
execution, which is more than can be said for the second fthwe ab.

For the second part of the lab, the student removes both of the photogates, and
clamps a force sensor to the table at the end of the track. The student will calculate the
momentum of the car and relate that to the impulse that the force sosdl measure.

The student will then release the car three times from each of their three heights and have
the car collide with the force sensor. The Vernier software will create a nice force vs.
time graph on the screen which the students can easityratéeto obtain a value for the
impulse.

However, in the testing and analysis of this section of the lab it seemed like as
soon as one problem was fixed, another would appear. The first issue that occurred in the
force sensor experiment almost had itlaepd with another experiment. Every time that
the car would hit the force sensor, the Vernier software would record an impulse that was
far too low. After several different configurations of the force sensor including a bumper,
a tape barrier on the frgrtping the sensor to the table, and finally clamping the sensor
to the table, a solution was found. The sensitivity setting on the sensor had been-set to +/
10N because of the light weighted cars. However they were exerting much more force on
the sensothan 10N and with the setting changes to50N things got better for a short
while. The next problem was that the graph of the impulse was consistently showing a
skewing error to the right. This was interpreted that the force sensor was somehow

moving & the car was in contact with it. In order to fix this, a camera was borrowed from
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the ATC and the collision between the force sensor and the car was filmed numerous
times. The problem turned out to be not that the force sensor was moving, but that the
track would move slightly was the car passed over it and would come into contact with
the force sensor for a brief moment. This problem was easily fixed by taping the track
down to the table more securely. Another issue was encountered when a photogate was
atached to try and determine the exact speed of the car before it hit the force sensor.
Vernier had constructed their equipment to operate at different sampling rates. In order to
obtain an accurate result from the force sensor, the software needs toghagamits
maximum rate of 1000 samples per second. In comparison, the photogates will only
function when that software is sampling at a rate of 250 samples per second or less. As
there was no way to reprogram the software, the students will be foraesk tone of

their measurements from the photogate portion of the lab. In testing to make sure that this
value would be valid for the force sensor experiment the velocities were found to have an
average error of less than 1%. Therefore there was no isshesimply using the
measurement from part one. In actuality it simplifies the lab for the student because they
will no longer have to analyze data taken from two different instruments on the same
screen. In the analysis of all of the preceding errors @uii# of structure was added to

the lab. However the final two problems only caused massive amounts of wasted time.

As mentioned before, the force sensor would only work when the software was
measuring at 1000 samples per second. This would have Heesllahnd good if the
software itself had functioned properly at that rate. At one point, every single time that
the force sensor experiment was run, the Vernier software would record its data and then

promptly close. All that it gave was a cryptic erroessage. After corresponding with a



technician form Vernier a newer version of the software was installed on the computer
and it was assured that the sampling error would not occur again.

While the sampling error never resurfaced, an even bigger prataera to light.

Every time that the experiment was run the software would return a different impulse
value. While sometimes the expected value would show up on the screen, the vast
majority of the time the data would be wrong, and not a repeatable wrbeg dihe data

was different every time. Seeing as this problem was unheard of, the force sensor was
deemed to be broken and a replacement was found. However, shortly thereafter the exact
same problem showed up again. There was nothing left to do butete die¢ Vernier
software completely and try again. A new computer was chosen for the trials and the old
software was reloaded back onto it. After the first three runs it was clear that there was
something wrong with the new software. The old program waging flawlessly at

1000 samples per second and it was returning the expected values. For the time being, all
of the problems had been removed and the lab now had two functioning sections.

In addition to the lab procedure, another form of media wadextda help the
peak the studentsdé iIinterest. Whil e the probl
was busy creating a short video that students could watch before, during, or after a lab
session. The point of the video is to help prepare the studerttseftatb as well as give
them something to look forward to before they get there. The video is posted on the
physics web site and will be available to anyone who should need it

Once again it was time to bring in the guinea pig to test what had been put
together and to time how long the lab would take the average person to complete. The

first trial was a struggle at best. There were many questions that had to be fielded, and
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much of the wording of the lab procedure had confusing parts to it. In time thoe &b

was streamlined and the questions became fewer and fewer. The time taken to complete
the entire procedure dropped from 87 minutes to 35 minutes. Throughout the testing the
student was asked several times if he had learned anything from the datarithevery

time he was asked, it seemed as though he had learned something new. This was great
news because the lab was designed to be exciting for the student while also teaching them
a great deal about physics. The final copy of the lab was then &tidimp other students

who had previously taken the physics course and therefore were not completely new to
physics. Completion was accomplished in under 30 minutes from both parties, and when
asked what they thought about the lab both agreed that thelgdraéd something new

while doing a fun and interesting lab. The final copy can be found in Appendix 2.a along

with data tables taken from various users in Appendix 2.b

Future Work

While the Hot Wheels lab was completed, there are several directianshth
physics department can take in the upcoming years. The spring and cart lab was never
finalized, but there was a good deal of work that was put into it. It would not take much
time at all to build that into a fully functional lab. Also, the usagelof Wheels cars and
track should not simply stop at this lab. There are an unlimited number of configurations
that the crack can be put into and each one of those could be used as its own individual

lab.



One example would be to configure the track intpa a d u a | sl oped AUO s
the bottom of the AUO would be a force senso
one of the sides and begin a oscillating back and forth. The force sensor would measure
the component of the force in the vertical direetand the students could compare this to
another oscillation or even some set of expected results. The possibilities with the cars
and track are endless. And when paired with video and applets as has been the case with

this lab, they should be that muetore beneficial to the students.
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Overview

A picture is worth a thousand words, therefore, a video is worth a million. The
use of still frames as well as video to highligaboratory experiments is an extremely
powerful tool. Using a video to demonstrate what is to be done during the laboratory
session before the students arrive is not only beneficial for the students, but the laboratory
instructors as well. If a videis well designed and the information is presented in a way
that sparks the interest of several students before they arrive at their laboratory session, it

is almost guaranteed that the learning process will be more enjoyable and informative.

Problems/Soludions

Several problems arose during the creation process of making a video for the Hot
Wheel sE | aboratory. The probl ems were not
First and foremost, the camera that was used for the video was a Sony archdrera.

This camera was the most convenient choice because it is provided by the Academic
Technol ogy Center (ATC) and is costl-ess.
20 format is not readily suppor treresoMng al |
this problem. To accommodate Mac, one has to upgrade to QuickTime Pro. With the
purchase of QuickTime Pro the MPEXformat is able to be used with iMovie. The
cheaper solution was to download the correct codec packages off of the Intenaddeto
Windows Media Player display MPE files. Once the video could be played on the

computer, another problem arose. Even though Windows Media Player would display
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the video clips, Windows Movie Maker (the video editing software that Windows
provides)would not display the videos. To solve this problem a codec package by the
name-LAiKeodo was do wlid codeadpadtage cbritatnedKhe correct codec
for video playback for Windows Movie Maker.

Another problem that arose during the creatiorcess of the video was lighting
in the laboratory room. During the video, several still frames are pieced together to
assemble the track without having a person in the shot. While doing this, the camera was
accidentally turned off causing the final picarof the setup process to be a widegle
shot as well as have a different light exposure. To ensure that this would not happen
again, all still frames were taken at the same time.

The backdrop for the video was also a problem during production. bbeatary
room has windows, air conditioners, books and so forth that could possibly lead to a lack
of focus on what is actually being presented by the footage. Any item that was not
pertinent for the video that was captured during the shoot serves agaxtn. The
first take of the video included such items as an air conditioner and school books in the
background. Though this does not seem to be huge problem, it has a big effect on people
that are less interested in the material that is being pesserior any video created in

the future, a neutral background such as a sheet could be a simple solution.

About the Video

The Hot Wheel s | ab was randomly chosen

Video has been found to be a powerful tool. Having a video that can be watched before,
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during, and after the students spend time in the laboratory could help to provide a better
leaming process. When the students watch the video before entering the laboratory, it
should provide a quick overview of what is going to happen. Giving the students an
exposure to the materials that they will be dealing with before they get into thettapora
will allow for the students to readily recognize if they are missing something important
such as equipment or how to actually do the lab correctly. Providing the video for the
students during the laboratory period also has a potential to impromwenigaBeing able
to watch the video while the students are in the laboratory setting, they will be able to
make sure that their final setup is correct before they begin to take data that would be
severely affected with an incorrect setup. Finally, baibig to watch the video after the
laboratory period is over, the students will be able to use the video as a means of
remembering what was done during the laboratory. Having a video will serve as a great
reminder of what was done and how it was done.s il provide an opportunity for
better answers to the laboratory questions that are not finished within the laboratory
period.

An important underlying detail of the video for this laboratory experiment is the
background music. The music that was chogen this laboratory video is an
i nstrument al ver si on of AFiremano by an a |
instrumental version of a popular rap song will hopefully gain the interest of a variety of
student. The student that this video is geared tovgatlde student that lacks motivation
to want to go to their laboratory period and do the work. If a less motivated student can
associate with a song that they have heard before, it will hopefully cause them to watch

the entire video and become more integdsn doing the laboratory experiment. If the
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video is watched the entire way through before the student arrives for their laboratory
period it will make the setup process more seamless.

The video begins with four still frames of one of the cars useatariaboratory.

The next portion of the video scans from one side to the other of a different car. The
purpose of this is to present material that would not be typical in an educational
environment. Using footage in this manner provides a little hureocla u s e it 6s
very expensive automobile is being shown off. Beginning the video this way will help
catch the attention of students that are not as excited about physics. If the student can
relate with the video before any informational materialialibe laboratory is presented,

it is more likely that their focus will increase and the necessary information will be
remembered.

During the second portion of the video more of the important information is
presented. This portion of the video showsttrederials that are going to be used in the
laboratory experiment. Every item that is used during the laboratory has its own section
of the video. A still frame was taken and runs for a few seconds along with its name so
the students will become familiavith the materials that are used for the laboratory.
Making the students aware of what is used before they arrive will allow for an easier
laboratory experience for student and instructor alike.

The next portion of the video shows the setup from diarfinish for the
photogates. Several still frames were taken and then pieced together to show the building
process of the track. Each time a new section of track is pieced together or the
photogates are added, a new still frame was taken. This waeshevay to show the

setup of the laboratory without having to show people in the video. Eliminating people



from the video could help to avoid from a distraction from the laboratory material. Using

the still frames pieced together allows for a video shgwhe setup without involving

ot her factors that could ruin the studentos
similar to the previous section. This laboratory experiment uses two setups, however, a

minor change is made in transitioning fromogpogates to force sensor. The video again

shows the setup of the track (in case a student does not finish the laboratory in the
assigned time and has to go back to finish their work) from start to finish only this time

putting the force sensor in placétbe photogates. Again, the video is created using still

frames put back to back to remove any distracting factors.

The concluding section of the video provides footage that will leave the students
excited about going to their laboratory period. Similo the beginning of the video
where footage is taken in a fun way, the end of the video provides the same feeling. A
close up is taken for each section of the track. The video concludes with footage that
makes the audience feel as though they arealigtriding down the track. The camera
was placed at the top of the track and then brought down the track to give the appearance
that it was attached to the top of one of the cars. Ending the video in this manner will
leave the students with an exciterhsmilar to the feeling they had at the beginning. It
is important to spark interest not only in the beginning of the video, but to end with
something that will provide fun as well. In doing this, more students will come to their
laboratory time with mee energy and excitement which will in turn cause for a better
learning environment for the students.

Several different reactions were achieved when the video was presented to

students. First of all, when this video was shown to a student that had alkserat
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physics course during their time at WPI a little grin was on their face from the first note
of the song playing in the background. As the video continued to run the grin turned into
a smile and eventually laughter came from the student. Whenidbee goncluded the
student was asked for feedback. The student said that they wished they would have taken
a physics course because the laboratory experiments seem like they are much more
interesting than any other that they had taken. The studentaadsthat the video was a
breath of fresh air because it was a new style of presenting educational information
instead of reading a piece of paper or looking through a PowerPoint. This reaction was
great to see because it means that the video was a suG@assing a nophysics student

to become excited about the subject was the goal, and it was achieved.

The video was filmed in a fairly uniqgue way. The major goal during production
was to present the material without having to use people in the foofageliminate this
problem still frames were used and pieced together. Using this method to create the
video gives the appearance that the laboratory equipment was setting itself up and it also
made sure that no extra distractions were being presenti tstudent. Mixing still
frames with typical video sequences provides the student with two different sources to
keep them interested. When the video freezes to a still frame, it is a simple way to show
the student the importance of the material beirgs@nted and will cause them to pay
more attention. Finally, the video footage was filmed from several different angles so
that it was not a bland production. To keep the students interest, far away shots are used
to show the setup process and emphase tihe laboratory is supposed to look. The
video also uses extreme clagps to give a better understand of how the track is

connected and how the final product should look.



Still Frames

Still frames are a useful tool for students when taking parhis laboratory
experiment. At times, the laboratory sheet requests the students drop the car from a
certain height. A simple picture was taken of the final track setup and has been
manipulated to show from point A to point B is what is meant by heigmother still
frame that was added to the laboratory wugeis when length is discussed. Similar to
the height photograph, length is presented the same way. If the height and lengths are not
done correctly it will adversely affect the accuracy of tagadbeing collected and will
make the laboratory experiment not worthwhile. Another part of the lab requests that the
force sensor to be set #0N. A picture was taken close up of the force sensor to show
exactly what is meant. The force sensor effety has two settings, and if the incorrect
setting is applied it is another way to ruin the data and affect the learning process of the
student. Another still frame that was created shows how far apart the photogates are
supposed to be from one anothdt.is a simple addition to the laboratory; however, it
will ensure that a student who follows instructions through pictures rather than words will
have the correct setup as well. The final still frame that is used for this laboratory
experiment is of te photogates. On the inside of the photogate is a switch that has an up
and a down position. The still frame shows two photogatesbsigdéde, one being the
correct setup (with the switch in its up position) and one incorrect (the switch in the down
postion). This still frame is necessary just like the others because it will not allow the

laboratory to be done correctly.
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The Videoasa Teaching Tool

Using video as another way to present material could prove to be useful for the
future. Giving the widents another means of looking at material will help stimulate
eagerness in a different variety of students. When a student is required to watch a video
showing them what they are going to be doing in their upcoming laboratory periods will
familiarize he student with pertinent information. Allowing the student to see all the
materials and setups that are necessary will provide an easier laboratory experience

giving the student an easier opportunity to obtain more educational information.

Future Work

In the future of this ongoing physics IQP, the sky is the limit. Any lab that is
being used by the physics department should also have a video to go along with it.
Providing students with several different ways of learning and seeing material wal allo
the department to reach more students than it has before.

There are several things that should be done differently when creating videos in
the future. First of all, the area that is being filmed needs to have a solid color used for
the backdrop. Anasy way to accomplish this would be to use a big sheet of some
soothing color (possibly taupe or something that is not distracting). By using one
continuous color for the entire background it will make sure that a student is not

distracted by somethingdhis not vital to the laboratory experiment. As it is now, the



video that was made for the Hot Wheel sE
shades in the background. With this distraction removed, the video would be more
suitable for a studentahis not as enthusiastic with the subject.

The second improvement for future videos is a simple modification. As it stands
now, the video that was created has a popular rap song for the background instrumental.
If several videos were made providing difént soundtracks it would allow for all
varieties of students to enjoy the video. Using several different genres of music is a
simple change. By muting the rap song instrumental and applying different genres such
as rock, classical, country, etc. wowdtlow the students to choose what they want to
listen to as their background music. If the student can relate with the music playing in the
background they will be able to become more excited about participating in the
laboratory experiment.

A final recommendation for future videos would be to increase the amount of
special effects used. Even though this is supposed to be a teaching tool, special effects
could surprisingly have a positive influence for learning. For example, during an
important part ofhe laboratory video if some kind of a special effect was used, it will
instill the image into the students mind. By associating an important part of the
laboratory with a special effect the student will have another tool to remember what is
being emphased.

To view the video, go to the following link:

http://www.wpi.edu/Academics/Depts/Physics/Courses/Labs/Vi@der.html
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http://www.wpi.edu/Academics/Depts/Physics/Courses/Labs/Video-Folder.html

Chapters: Applets and Tair Instructional Functionality

Bennett Lessard



Introduction

As an alternative dimension to the laboratories created in the Ongoing
Advancement of the Physics Toolbox, applets have been designed to assist freshman
students with some of thdifficulties of physics in a technological and interactive way.
The goals for the creation and implementation of these applets coincide with my own
interests concerning the Java Language. The main objective for this IQP pertaining to the
applets was to cete interactive applets and post them online. Explanatory text
surrounding the applets is provided to clarify the use of the tool to provide the best
functionality for the student. Accomplishments towards these goals include the creation
of applets in twocategories: assisting applets and simulation applets. The assisting
applets created consist of three power of ten applets, two Greek letter applets, and a
statistical analysis tool. Simulation applets created are the collision simulation applet, the
proect i |l e motion applet, and the Hookeds |
available in appendi®.a throughd.i. Below is a description of how each of the applets

works and a small portion about how the code was used to create the final result.

Assisting Applets: Powers of Ten

The powers of ten applets are a matching style game where the user is presented
with a stimulus in each of the three applets, either a power of ten, a prefix of a power of
ten, or an abbreviation of a power of ten. Onge #timulus is shown, the user then has

to match the equivalent values in the other two categories. For example, once presented
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with a power of ten, the user has to match the corresponding prefix and abbreviation
which are presented as a grid of buttoifighe match is correct, the buttons will be
highlighted in green for about three seconds, and then return to their original color. Then
the next power of ten to be matched will be displayed. If the match is incorrect, the
buttons pressed will be highligid in red, and then returned to their original color. Once

all ten of the powers have been matched, the applet displays the amount of time it took
for the user to complete all ten matches and the number of incorrect matches made.

To make this applet mones e f u | and so that the sti mul
every time, a random value generator is used. Java uses a function called generator. This
allows the programmer to have the code generate a random integer value between two
specified values. Based tine integer generated, the code determines a power of ten that
has been designated to the integer value. This does not mean that the integer value
generated is the power of ten, only that each power of ten has an integer value pre
assigned to it, and whehat perassigned value is generated, the corresponding power of
ten is displayed. This applies for the other two versions of the power of ten applets, where
the user is prompted with the abbreviation of a power of ten, and has to match the
correspondingpower of ten and prefix, and where the user is prompted with the prefix
and has to match the corresponding power of ten and abbreviation.

This applet provides a useful tool which can be used in a lab environment or as a
study tool for a student. In a lathis tool can be used to not only help the students learn
the powers of ten that will be used throughout their physics classes, but also provides a

fun way that students can compete against one another based on the time to complete the
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matching. Becaudie time is recorded, partners can compete against each other in a fun

way while providing a score that can be recorded as part of a lab report.

Assisting Applets: Greek Letters

Similar to the power of ten applets is the Greek letter applets. Theravare
different Greek letter applets: Upper case Greek letters and lower case Greek letters.
These applets are also matching games where the user is presented with the name of a
Greek letter, and the user has to click on the corresponding Greek letteyeatispiaa
picture.

The Greek letter applets use the same idea of random value generation to make
the order of the Greek letters appear different each time. Java code determines where the
user has clicked using a functionality called the mouse listeneenWhte user clicks on
the screen, the code receives the x and y coordinates of the click. Based on there
coordinates, the code executes a series of if statements to determine if the click was on
the appropriate Greek letter. If the click coordinates athinvthe set parameters in the
code, then the if statement is true, and a correct match is recognized. If the user makes
five incorrect clicks in a row, then the code moves on to the next Greek letter. This
eliminates the possibility of the user justclickg qui ckly on each | ettt
know which Greek letter is the match. Once the user has matched all 24 Greek letters, the
applet displays how long the user took to finish matching all the letters. Since Greek

letters are common place as symbolsiat only physics equations, but in all types of
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mathematics, sciences and engineering fields, it is important to know what the name of

each letter is. This is why this applet is particularly useful for engineering students.

Assisting Applets: The Statstical Analysis Tool

An applet that has endless possibilities for future work is the statistical analysis
tool. This tool is used to evaluate data entered by the user. The tool plots the data in a
scatterplot as the data is entered. The code @gtdesthe scatter plot as the data is
entered based an algorithm that uses the maximum and minimum values of the entered
data. The maximum and minimum values are constantly updated each time a new value is
entered by the user to ensure correct scaling. Onagstirehas finished entering the data,
the oO6analyze datadé button is pressed, and
average, minimum and maximum values, as well as the number of terms. Another option
for graphical analysis besides a scatter pla feequency histogram of the data. This is
done by hitting the O6histogrambé button. Thi s
displayed. Not only does this tool have applications for physics analysis, but for general
data analysis as well. The codan be changed to add whatever additional analysis

desired.

Si mul ati on Appl et s: Hookeds Law

A simple applet that can be used with a

applet. This applet requires ten pieces of data; five forces and the five contegp



distances from equilibrium that the spring stretched based on the applied force to the
spring. Based on these ten data values, the spring constant is calculated and displayed for
the user. This applet can be used to go along with a calculationbgamestudent in the

lab environment.

Simulation Applets: Projectile Motion

One of the two physics applets that deal with object movement is the projectile
motion applet. This applet bases movement on inputs by the user. These inputs include an
initial velocity in the x direction, initial velocity in the y direction, and the initial position
on the yaxis. After entering these values, the run button is pressed, and an object is
launched with the parameters entered. The object leaves its path of flight laehit
moves through the air. The applet also displays the current position of the ball while it is
in flight. Along with this, it displays the velocity in thedjrection in the form of a bar
graph, the time in the air, as well as the maximum heigithred. After the first run of
the object, the user can enter new parameters, and run the flight simulation again. The
next time the code is run, the first path will be left on the graph, and the second object
will be launched with the new parameters, asalve behind a second path as well. This
will continue for four flights. After four launches, the first flight path will be erased, and
the next flight path will be stored into the first path again, while leaving flight path two,

three and four still dispiged.

34



This applet has many ways that it could be changed to add additional functionality.
These include adding air resistance, projectile motion with the parameters of angle and

velocity in that direction, as well as additional flight path data storage.

Simulation Applets: Collisions

The last applet is the collision applet. This applet simulates an elastic collision of
two objects. This applet requires user inputs to determine movement of the two objects.
The inputs consist of two masses and two velesitiThe input masses are values
between 500 and 2000 grams, and the initial velocities range from 0 to 25 m/s. The
entered masses determine the display size of each of the two objects that are going to
collide through an algorithm. The objects travel atheather with the input velocities,
collide elastically, and then travel in the directions according to the collision laws of
physics. The initial velocities and final velocities of each object are displayed below the
objects in motion, as well as a plot the velocities over time for both objects. This
applet can be used as a supplement to a collisions lab, as well as an addition learning tool
the enhance knowledge of collisions. Future work on this applet could include allowing
the user to decide whethigre collision is elastic or inelastic, as well as angular collisions
and both positive and negative initial velocities. If the limitations on the masses and
velocities turn out to be inappropriate for the use of the applet, they can be easily changed

in the code to fit new values that work better for the application.



Difficulties in Applet Design

Creating a useable collision applet that functioned according to the laws of
physics was not a one step process. There were road bumps throughout the toogle wri
process that often left the programmer stumped. At one point during the design process,
the objects that were supposed to collide were reacting to a collision before they actually
collided on the screen. Not only did the collision applet prove to halgen difficulties,
but all the applets provided stumbling blocks throughout the creation process. One of the
most difficult issues that was found in the collision and projectile motion applets were the
various axes used when programming simulation &pplava has an axis for applets
where the upper left corner of the applet is the point (0,0). The x values increase as the
applet screen moves to the right, and the y values increase as the applet moves down as

shown below. In an-y plot, usually the yaxis increases in the opposite direction.

" - .
(0.0)
Increasing x-axis

Increasing y-axis

Figure 1.0-Java Coordinate System
The issue with the projectile motion applet is that the axis provided by java does

not coincide with the axis that the programmer would want to use. The origin used by the
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plot ont he projectile motion applet is at java

programmer s job slightly more difficult
flight of the ball cannot be entered exactly as the equations work in-dagrphysics.
This problem was solved by setting the origin of the acceleration plot equal to (40,719),

and instead using the position equation:
iy I
position= X... . * time 3 a tinfe
the code uses:

position= X.., Vi * time% a tinfe

The code subtracts the value }Zah* time because the-gxis is inverted according to

java.

The second axis issue that proved to be a stumbling block is found in the collision
applet. This applet is especially problematic because there are four different coordinate
systems in use at every ment. The first is the java coordinate system, where (0,0) is at
the upper left corner. Both objects in the collision applet have their own coordinate
system. The first object, object A, has positive movement to the right on the applet screen,
while objectB has positive movement to the left on the applet screen. This issue gave the
programmer problems during the first stages of development. The equations for collisions
in physics assume that if two objects are traveling at each other one has positiutg veloci
and the other has negative velocity. The programmer neglected to realize that both
objects velocities were being designated as positive in the code, when in reality, one was
negative and the other was positive. Once this issue was resolved, the egoegan to

work as expected, and the objects were colliding elastically.
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Along with these three coordinate systems, the velduitg graph must also be
taken into consideration. When time equals zero, the java coordinate value for the
velocity-time plotis (20,500). A positive velocity will be shown above this point, while a

negative velocity will be shown below this point.

Positive velocity is at a lower y-value than the
origin.

/

Origin at Java \
coordinate (20,500) Negative velocity is at a higher y-value
than the origin
Figure 2.0-Velocity vs. Time Plot in Java Coordinate System

Since java increases as the value moves farther down the applet scnegative
velocity must be subtracted from the point (20,500) to appear as a negative velocity. For
example, if object A is traveling at negative ten meters per second, thén(8@) =510
gives the point where the line will be drawn. This goes afaionventional thinking
where a negative value should have a lower y value, instead of higher value. Similarly, a
positive velocity must be subtracted from this value to show the velocity as being above
the origin.

Another issue that needed to be adskedsis the difference in how Java is run on
PCs and on Macs. A major issue found during the creation process dealt with the powers
of ten applets. Macs show Java buttons in a
show the background color of the buttcmanging, which defeats the major functionality
of the applet. This problem was fixed through making an alternative version of the code

that works in a similar fashion to the original version. The Mac version, instead of

38



changing the background color okthutton, colors the text inside the button. This color
changes in the same manner that the buttons did in the original version, turning green
when a correct match is made, and red when an incorrect match is made. In addition to
making the color of the téxhange, asterisks are added to the text on the button to make
the click more visible for the user.

The Greek | etter applets and the Hookeds
loaded onto the applet screen. When inserting a picture into an applet, sbeeeode
creates an image that is the picture, and a media tracker which is another java function
that pertains to image displays. Java is particular when loading images into applets. In
order to load a picture into an applet, the picture file has fo tiee same location as the
source folder that contains the java .class files.

There are two different file types that a programmer in Java needs to work with
when creating applets for online use. Programming is done in files with the .java
extension. Thse files are where the code is written by the user. For this IQP, the
programming was written in Eclipse, a program that can be downloaded for free of the
internet. Eclipse takes the .java files which the programmer writes, and complies them
into the .clas files which are used when inserting applets into the HTML files. The .java
files are useless for this application, but are critical for the programmer and anyone who
will be using the code for future applications. All the java code in the appendioisya
of the .java files.

Posting the applets online proved to be a small issue that required a minimal
amount of research. To post an applet in an HTML file requires a few lines of simple

code. An example is shown below:



<Applet Code="Powerl0.class" width50 Height=400>

</Applet>
This lets the HTML file know which java class file it needs to run and the width and
height of the applet screen to be displayed. Microsoft Publisher was the program that was
ultimately determined to be the best way to createHhkIL files. The lines of code for
displaying the applets have to be inserted into the HTML file as an HTML code fragment
under the insert tab on the tool bar. To make the java code run on the HTML the class
files needs to be in the same file locationresHTML file in the computers directory. By
using Publisher, it is easy to not only provide the applet on the screen, but also provide
the necessary descriptive pictures and text on the web page.

All these applets can be used in different ways to proladening for students.

The assisting applets such as the powers of ten and Greek letter applets can be used by
students on their own to learn the Greek letters or the powers of ten, or these applets can

be added to an introductory lab for students to deteluring a lab session.

Future Work

Future work in the area of physics applets is unlimited. Applets can be designed
to mimic the labs that are currently in use by the physics department and the future labs
to be produce by the Physics Productiongooation. There are many other types of tools
that could be created to help students with difficult areas of the basics of physics. Ideas
for applets include vector math, significant digits, unit converters, and an applet that

allows the user to pick an syol that can be found in physics, and the applet shows
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which area of physics the symbol is used and the equations where the symbol is used. As
mentioned before, each applet that was created could also be altered to enhance their

functionality.

Conclusion

Applets provide a way to engage students in a technological manner. Simulation
applets provide examples of physics concepts that support teaching in the classroom, and
mirror physics topics that are covered in laboratories. Assisting applets provdeatsta
way to learn an area that is a foundation of physics in a way besides just studying a sheet
of paper. Since the assisting applets provide the time to completion, the applets can
inspire friendly competition between lab partners and friends with&b asession or on
their own, while still teaching students important aspects of physics. The Physics
Production Corporationds goals <concerning a
through the creation of the aforementioned applets. The process thgrapplets and
then posting them online for students to use and advance their personal knowledge of
physics has been defined so that future members of this corporation will be able to further

the effectiveness of the physics toolbox through assistingiamdation applets.
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Chapter 6: Organizational Team Management

Bennie Jones
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Growing up a student hears all about biology, chemistry and physics; hears all
about he lab work and the experimentget once the timeames to take these classes
they no longer seem as appetizing laefore. The older students loece the lss
appealing these sciences bhe®. It sometimes even gets to the point where they no
longer enjoy learning about them. It was around that theme ibdQ@R was formed. The
Physics Department recognized a need for change. A few team members had been
involved in physics studies in high school and furthered their knowledge during the first
year at Worcester Polytechnic Institute (WPI). These experiegodgsd themotivation
to help change thPhysicsDepartment. At that time the group confronted Fred Hutson
and Germano lannacchione who also shareid gassion for change and the ball started
rolling.

The team needed to figure out what aspect of the freshexperience needed
changing. In dissecting what they knew about physics the team realized their knowledge
was not avast as they would have likedt this point a light bulb triggered and everyone
knew exactly what it was they could work with: the fre®en physics experience.
Freshmen physics at WPI is as dry as it could possibly be. The team needed something
that would motivate their efforts to create a product that would grab the attention and
interest of their audience. This is when they decidedréate an ongoing, interactive
physics IQP that would deal with and concentrate on freshmen physics labs and
experiments.

The task of designing these new labs and applets was then split into four different
departments:lab creation, writing Java applets,video-enhancing stimulégon, and

organizational team management. Two members were assigned to lab creation and the



others divided the remaining three taskenrad Perry and Kyle PydynkowsKecided

that, though semeffective, the current labs needed some changing. Témembered

the lab work they did in their first year at WPI and felt as if things needed to be tweaked.

Using such physics subjects as the Doppler Effect (a new direction) and Energy
(revamping), enticing experiments were created that would hopefullg bfenback to

the department and grab studentsdé attentions

The next group was the applet departm@&annett Lessard@dsmain concern was
to create usefriendly applets that help enhance and reiterate the information in a lab.
The applets help studts understand different aspects of physics, from exponential
growth to aspects of collision. With eagyuse, interesting, eygopping applets, the
group hoped to teach the material and grab the attention of the younger students more
than past applets ha.

Next, John McGinley, with help from théeam created a video enhancing
stimulator that students could watch prior to arriving at the lab. This video would
hopefully grab their attention as well as get them enthused about arriving to class. This
section approached this part of threjpct with an opemmind and many different ideas. If
the video could somehow relate to the students by including things they found interesting,
yet alsobe relative to the upcoming experiment it could get them excited before they
even stepped foot into thadoratory. The student would anticipate a fun and educational
experience which would then result in higher participation and overall higher moral
within the classroom.

Finally was the organizational team management gr8gnnie Jonesvas the

mainmanaer in charge of the group. Kheas put into place to help the other three groups
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make everything user friendly and easy to understand. With no prior physics experience
he provides an insight into what the everydaydent understands and finds interesting.

He also serves d®th aneditorin-chiefand helpgo tie in all experiments and applets

into the final product. That is where this section begins: the organizaticeein t
management stage.

The main concern and goal for this part was to develop an easy to understand lab
that could not only be comprehensible to students with prior knowledge, but also the
physics new timer. This section had its own influences, its owivatmns, and its own
concerns. Management needed to tie the other three sections together and then, after it is
all said and done, reflect on the entire project with an unbiased aneéhopéded point of
view.

Management s6 part s hdabasiceahcems were eult thenel, vy .
but without an experiment the experimenter could not carry out his duties. A week or so
went by without any experimental procedures commencing. At the beginning of week
two he was approached by the energy lab with anadbao ut a springés <c
This energy lab was the first experiment to show some prohiigas designed to show
the spring constant by stretching out a cart to a certain length, calculating the amount of
force that the spring would dergo, then putting these numbers into equations and
calculating the spring constant. The applet that coincided with this experiment would
then accept or reject this recently calculated number. It was decided that this lab just was
not exciting enough; idid not have that interesting aspect that the group wasotegdvas

back to the drawing board.
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The next experiment created was much more interesting. With some
brainstorming and careful C o labsdealing withttoy on t h e
cars and tracks could very well caaéandh the s
error in the lab a rough draft of the experiment was created and numerous trial runs were
conducted.

Though semsuccessful it was evident thditere were many changes that reskd
to be made. First of all, there was no concrete lab written out. The firgtadirthe
instructor telling the experimenter what needed to be done. This would not be what
happened in the actual lab when studenteeveenducting the experiment so a hard copy
of the experiment needed to be created. The two individuals sat down and tried to
collaborate on what needed to be said in the wit@nd what information needed to be
presentin eachsection. Another week of experiméng went by with much success and
by the third or fourth week it seemed as if everything had been put into place. The
experiment was being run in the allotted time with no real concerns or problems arising.
It was at this point that management turnedhitention towards the applets. There was a
good toolbox of applets constructed and it was time experimenting with them
commenced.

The applets covered a variety of different aspects of physics from teaching and
resource applets to everyday physics equatipplets. Hundreds of lines of Java code
were written per applet to try and enhance the material covered in the developing
experiments. The applets themselves were creatively made and, with a little instruction,

easy to use.
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To start, the applets werengple, yet interesting. In physics you deal with Greek
letters, as well as different powers of ten. Scientists use those symbols and powers to
represent certain equations and aspects of the sci€heeteam felt as if gargpe
i Me mo r lets coalg e beneficial. These applets told the user the name Gfebk
letter/power of ten and then had them click on the matching Greek
symbol/prefix/abbreviation that matched it. This would help the students familiarize the
symbols with the names resulting in association with the physics terminology. After
the game was completed, the applets would show the total number of correct answers the
student received and the time it took them to do so. These applets were very simple, but
after beingepeatedlyplayed it becameasy to associate the symbols with the words.

Next, the Statistical Analysis applet was approached. Yet again the applet was
simple: the student enters a bunch of differ
standard deviation, average, max/mirdarumber of terms analyzed all show up. The
applet was far from interesting. It was more of a helping tool thereafarcing applet.

After the student calculated all the information by hand they could either confirm or
reject if their numbers were corttday pressing a couple keys. It also plotted the data on a
scattered plot and histogram showing exactly what the data analyzed.

The Acceleration applet showed a lot of potential. The possibilities were endless
for this applet and, had an appropriate lap&iment been designed to help it out, could
have really enforced the material covered in the lab. In this applet the user types in a
velocity and height. The parabola is then animated across the screen with a couple of
other data points listed also. Thiss felt to have been a lost applet, given no real chance

to thrive. An experiment could have been created where the user first sets the velocity of



an object at a certain point, drops/throws that object at a particular height, and then
through careful daulation determines where the object would land. After numerous
repetitions the user could place the data he calculated by hand into the applet and figure
out if he was correct in his reasoning and calculations. Even then the applet itself could
have somieow been programmed with a randomized basket or goal placed somewhere on
the axis. The student would then, knowing the height of the basket/goal, calculate the
velocity the ball would need to travel so it would land comfortably in its designated area.
Thos are just some thoughts for the future. The applet itself showed no real connection
to any of the experiments that were created and therefore sat on the back burner of this
toolbox.

The collision applet was quite interestingti@ organizational team management
departmentThe user types itwo objects masses and their initial velocities and shows
what would happen if said objects were to crash into one another. A lot of thought and
rework was put into creating this applet. It started with a very rough draft and, after some
reworking from tle team members, kept being perfected until the end product was
created. It was amazing to see how, after collision, what an object would do. Not truly
understanding the laws of physics it became clear to the management department how
much mass and velocitglay into the grand scheme of things. These were just two

different colored circles traveling towards one another; imagine much larger, real life

objects.
Finally, the team | ooked at the Hookeds |
springconstantod k 6 val ue was i n respect to the cal c

spring stretched in meters. This applet looked useful when the spring experiment had first
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started, but soon became evident it would not apply or help perfect our overall end

product This is where the Aongoingod part of t h
because future projects could pick up on the experiment and use this applet as
reinforcement.

Playing with all these applets really did not seem like work at all. Writing the
code was the hardest part. If a problem was noticed or if certain aspects of each applet
could be enhanced it was the applet depart me
to go where; what baeglash or semcolon needed tweaking. While these adjustimen
were being done, the Doppler Experiment was given hierarchy.

The Doppler Effect experiment had many ups and downs throughout the term.
Whether it was ordering the parts, constructing the machine, or figuring out what kind of
data needed to be collecttmt an efficient lab, this experiment proved to be a challenge.
Once an experiment was established that demonstrated this effect, an informational
session commenced to further theanagemend e p a r t kmeviedges @the Doppler
Effect itself. The progran$pectrum Lab shows how, when an object goes from close to
far away from any given point, you hear the effects of the Doppler Effect, yet when you
turn the entire device to a 90 degree angle there is no effect seen. This is because the
sound source is notawing away fronthe givenpoint; it is staying at a constant distance
only rotating 360 degrees.

Working with this department proved to be beneficial. Had the two departments
not sat down and discussed this experiment, they would have just seenspdigtntim
of colors moving in unconventional ways rather than the Doppler Effect in full effect.

Unlike the energy lab, this part of the project is still in the experimental stage. It does



show extreme potential and all the right factors are in placearbaictual lab idea and
write-up need to be created. Thisaiphysics toolbox though, so raw materials needed to
be present.

Finally, the organizational team management department had the opportunity to
work with the video enhancing stimulation depaent. One full lab had been created in
this IQP so the video really needed to hit home with that lab in mind. The video was
created to grab the attentions of the students before they stepped foot in the lab. Ideas
were bounced back and forth for whatreee like weeks before it was decided to take an
exciting, hiphop appr oach. Il n this day and age
somehow relate to the hipp era. If the video started off with a popular rap songs
instrumental playing in the backgrouncethtudent would hopefully be hooked from the
beginning. Then, after watching the video in its entirety, the student would understand the

task at hando be completecbn the ensuing day. The two tools together (video and

Hot Wheel sE experi ment ) xited &bdut ghysiesnTheggedup t h e

believed that relating to studensthis waywould really achieve that goal.

Working with the video enhancing stimulation department was a very
knowl edgeabl e and exciting ti me. One of
of the younger students and this was the final cap to that. An experiment had been created
that would accomplish that goal, but the video was a preview to it all. The students, not
knowi ng what tomorrowdés | ab woul dvideoris n g,
uploaded and get a great feel for what is to come. It was the ultc@mpte getting the

students enthused about physics.
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With any project come problems, fortunatetile management department
expected these problems. The problemmgsvad in different aspects of the other
departments. Technical difficulties prevented the wdebancing department from
recording as planned, unforeseen sensor issues and program malfunctions prevented the
energy lab from being as accurate as expeeted the lack of Java knowledge had made
it complicating and extremely aggravating whilst creating the applets. The team knew
such problems would arise. There was nothing that could be done to prevent these
problems; they just needed to be approached dbrefod, through insightful thinking,
fixed. If anything, the management department created a few of these problems to help
the completion of the final product. If management did not understand the way something
worked, or why the team needed a certainletpphe rest of the group would have to
change their approach accordingly. Everything needed to make sense to even the least
comprehensible of individuals.

After the problems were identified the solutions were then put into the works.
Why is the video sitware not working? The transfer from a Mac to a PC was scrambling
the code and causing the video not to play. With some online converting software the
problem was fixed. Why is the Vernier software not working? What is it about the
sensors that are caugithem to calculate different results every trial? The new Vernier
program was not as compatible with the older sensors. After some uninstalling and
reinstalling the problem was gone and the numbers seemed to come out with as little as a
0.8 percent margirof error. Why were the equations in the applets coming out with
obscure numbers and sequences? Througbading the different Java scripts and doing

a little online investigation it became known that Java had a backwards way of design.
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With a couple stkes of the keyboard things seemed to be back on track. Identifying
these aforesaid problems took days, but fixing them (for the most part) took only hours.

A good professional management engineer does things on instinct first, then
afterwards may sit dow and reflect on what exactly they had done afterwards. The
organizational team management department had sat down and dissected each aspect of
the group: helping to rework, reword, sharpen and shine each individual department as
well as the project as ahele. The department then started to think about what aspects of
Management Engineering had been used to accomplish those tasks.

The majority of business related firms deal with a certain aspect of Management
Engineering called Operations management. Tkisn can be defined as creating,
operating, and reworking a system so that a
appropriate manner. In this specific instance the firm was the Physics Production
Corporation and the product or service was creatinghysics toolbox that could be
modified, enhanced, and used for years to come. The organizational team management
depart ment used t he Aicreating, operating,
management to really pull everything together as a widdéng the manageof this
projectif things turned south it wass head on the chopping block.

The department also realized that many aspects of the four competitive
advantages were present in their current project. The four dimensior@mmgpfetitive
advantage are as follows: Cost/Price, Quality, Flexibility, and Reliability, all of which the
department felt the group used to achieve their goals.

At the beginning of the term the team did not know exactly what was to be

created in this piject. They wanted to create something new and exciting that covered
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the material, but usually that would mean dishing out a lot of money to do so. That being
said money became a quick issue. The group needed to create a couple experiments that
would not betoo difficult or expensive to rereate ina lab environment. Basically, the
teamneededhe experimentt be probable and affordable. If the physics department had
to dish out hundreds of dollars per experiment, per student then the whole IQP would not
be pradt c a | . That i s where the idea for Hot Whee
these cars and tracks could be bought in bulk for a cheap price and hoped the students
would have fun using them.

Next they tackled the quality aspect of competitive advantagdit@isaone of
the most important parts of the competitive process. Just because your prices are low
does not mean you are going to sell more of your product or service. Physics Production
Corporation now knew their project would be cheap, but would @daational as well?
The group felt as if each tool in this toolbox had both the potential to be enticing as well
as potential to grow. As far as they were concerned the quality aspect seemed concrete.

The third advantage was flexibility. Flexibility fromn operational management
stand point means that a firm offers a wide variety of products to their consumers. It has
been mentioned numerous times that this IQP was in fact the inaugural process of
creating a physics toolbox. By toolbox the grouprealyaozns fAwi de varietyo
applets, experiments, videos, .etttat will increase ones knowledge of the science. The
organizational team management department saw the toolbox as highly flexible in this
aspect.

This brings us to the final advantage: relia | i t vy . Reliability 1is

offer a wide variety of products to its customers in a certain designated time either



established by the firm or by the consumer. In this instance the department felt as if the
reliability could have been a littlbetter. This is the first step of many in creating this
physics toolbox but, some of the goals and expectations of the group were not met
because of different circumstances. In a business like environment those departments
would have been terminated oplaced by individuals that could have delivered on time
and taken on that reliable role.

I n conclusion the organizational team
physics have changed dramatically. At the onset of the tertiought physics was
supposed to be the more exciting science of the big three (the other two being chemistry
and biology), but after sitting down with the rest of theugr and looking over past labs
he quickly lost interest. If these older labs could not grab the attentitreofianagement
department then how would they grab the attention of incoming freshmen? The group
had a big task they were presented with. Through many rough drafts, many ideas bounced
off one another, and many late nights sitting in front of a computer screen \wnady
this code did not work or why that program did not giventibedata that was expected,
the Physics Production Corporation finally arrived at a final product that they could be

proud of and share with the Physics Department.
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Chapter 7Conclusion




The inaugural Physics Production Company has successfully begun creating a
toolbox of new mateal for the Physics departmerithe toolbox that has been developed
has a solid foundatiofor expansioror the future.The first priority ofthe toolbox was to
set in motion a dinge for laboratory experiment§his has been done first with the
creation of a machinto produce the Doppler Effeddaving this machine is a terrific
starting point to implement a laboratory experiment that eaenbeen done before here
at WPI.With the use of the Doppler machine and the knowledge that was gained by this
inaugural Physics Production Company an educational laboratory experiment is within
reachwith only a little more effort.The next additiond the laboratory portion of the
toolbox comes in the form of Hotheel®© cars and track. The laboratory experiment
that has been developed is to emphasize energy in a more fun way than has been
previously done Y the PhysicDepartment. The use of thersaand track rather than
springsor other sorts of woriginal physics laboratory equipment provides a unique and
exciting addition to thedblbox. The versatility of HWheel®© materials is basically
endless and IQP groups in the future will be ableexpand on this idea with ease.
Another addition to the toolbox is the applet section. Two basic categories of applets
were created, assistingplets, and simulation applefBhe assisting applets section is a
compilation of applets such as Greek lettensl powers of ten whereas the simulation
applets have dlisions and projectile motionThese two broad categories support
expansio in the future of the toolbox-urther web development to complement the
creation of the applets will provide future gpsuwith a way to continue to make their
tools available to physics students through the web. The final tool that was introduced to

the toolbox by the inaugural team of the Physics Production Company is video and still
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frames for laboratory experiment§he videos and still frames are a great way to re
emphasize and supg the laboratory experiment§he video that ws made is specific

for the HoWheel® energy laboratory experiment, however, using this video as a
template videos can be made for the wdsthe laboratory experiments the department
already has, as well as experiments the department will have once another Physics
Production Company begins to work. All in all, the inaugural Physics Production
Company has laid the groundwork to help exptrateachig capabilities of the Physics

Department through this innovative toolbox.
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Appendix 1.b
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Appendix 2.a
Energy Experiment

Figure 1 Figure 2
Setup.
As shown inFigure 1, begin lab construction. When finished, the track should be
comprised of four pieces. Once complete, adjust the clamps as necasshay the top
of the track reaches no more than 90cm. The track should have a gradual slope for more
accurate results so it should flatten out at 120cm down the table from the pole it is
clamped to. Secure the track to the table with tape in severasptacmake sure it is
sturdy. Once the track is complete, set up both photogates usingatimengasses as
shown in Figure this should require a 50g and a 2g mass for each side). The first
should be placed where the track becomes level, and the secoulil e placed
approximately 40cm from the first. This should put it near the end of the track. Plug both
photogates into the Logger Pro readerd make sure thathe T photogate that the car
will pass through is plugged into Dig/Sonic 1, and verifyt tine beam will hover right
over the sides of the track. If nadd or remove masses as necessary. Run the car
through the photogates to verify that they are in a good position before you continue (the
red light should turn on when the car is blocking beam).

IMPORTANT: Verify that whenthe photogates are set up and plugged into the Logger Pro
reader that the shutter on the insidethef each |
sensor will not read anything and you will not be able ke &ny data.

Measure the length of the car that you will be using. Opegrgy Lab.cmblnd click on Data

and choose user parameters. Under Value for both Photogate Distance one and two, enter the
length of your car. Once you have completed this youesy to begin the experiment.
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