APPENDICES

270

Pilot Script - 205
Welcome to my research study, and thank you for participating! I greatly
appreciate your help.
[Ensure that the first part of the consent form is signed and dated]
If you have a cell phone here, please turn it off (it can interfere with the wireless mic).
Here is a reference sheet that you can use at any time [gesture to the reference sheet].
You can also use this calculator at any time [gesture to the calculator]. If you want to
write anything, please use the whiteboard [gesture to the whiteboard and marker]. Please
don't erase anything; just cross out your work. Above and behind you is a video camera
that will record the session. Only NC State researchers will see the videotape unless you
give me permission to show the tape to others. Once the session is done, you can fill out
the last part of the consent form specifying how the video can be used.
Administer ROT
First, I’ll ask you to take this test. Do the best you can. You may have as many as 10
minutes to complete all 20 questions.

Warm-Up Exercises – 8 second rule for silence
Now, I’ll ask you to complete three warm-up exercises to practice saying your thoughts
while you work on different types of tasks.
[Give Warmup Task 1]
[Give Warmup Task 2]

Comment on participant’s speaking

[Give Warmup Task 3]
[Extra Tasks as Needed]
Study Spacecraft.py Program
Next, study this program that will produce an animation of the Spacecraft around the
Earth. If you have any questions about syntax, please let me know as I may be able to
answer them. As you study, remember to say aloud everything you read and think, it
doesn’t matter if you say something several times.
After you feel you are comfortable with the program, let me know and I will ask you to
complete a task.
[Open Spacecraft.py program]
[Wait for questions and indication that participant is ready to move on]
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Change the velocity of the craft such that it is moving in an elliptical orbit rather than a
circular orbit.
[Let student complete task]
Is there a point in the orbit where the spacecraft’s momentum is perpendicular to the net
force? Where?
Build Moon-Earth program
Now, open the program MoonEarth.py. What do you notice is different in this program
from the Spacecraft.py program?
[Let student complete task]
The next task is to make it possible for the spacecraft to make a figure-8 orbit around
both the Earth and the Moon.
[Let student complete task. If student gets stuck, suggest allowing the student to review
the Spacecraft.py program]

OR
Figure-8 Moon-Earth program
Next, study this program that will produce an animation of the Spacecraft around the
Earth with the Moon in the distance. If you have any questions about syntax, please let
me know as I may be able to answer them. As you study, remember to say aloud
everything you read and think, it doesn’t matter if you say something several times.
After you feel you are comfortable with the program, let me know and I will ask you to
complete a task.
[Open the program MoonEarthII.py.]
[Wait for questions and indication that participant is ready to move on]
Your job is to give the spacecraft enough speed in the y-direction such that it makes a
figure-8 orbit around both the Moon and the Earth.
[Let student complete task]
Construct BinaryStar.py program
Close the MoonEarthII.py program and open the program called BinaryStar.py. Your
task is to create a program that allows two stars to orbit each other beginning from a shell
that creates two spheres. Remember to say aloud everything you read and think, it doesn’t
matter if you say something several times. Work as far as you can.
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[Allow participant to write code. If student struggles, let student refer back to the
MoonEarthII.py program.]
[]

Interview Questions
1. Specific questions pertaining to participant actions.
2. VPython experiences:
a. Do you enjoy programming?
b. What is your programming experience?
c. How comfortable are you with programming?
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#Spacecraft.py program from pilot study. Participants used this program to complete Task 1 from the study.
#from __future__ import *
from visual import *
#from __future__ import *
from visual.graph import *
scene.width =545
scene.height = 545

#CONSTANTS
G = 6.7e-11
mCraft = 1.7e22
mEarth = 6e24
deltat = 10
#OBJECTS AND INITIAL VALUES
Earth = sphere(pos=vector(0.,0.,0.), radius=6.4e6, color=color.cyan)
Craft = sphere(pos=vector(-10*Earth.radius,0.,0.), radius=1.75e6, color=color.yellow)
trail = curve(color=Craft.color)
scene.autoscale = 1
vCraft = vector(0,1000,0)
pCraft = mCraft*vCraft
t = 0
#CALCULATIONS
while t < 60*365*24*60*60.:
rate(2000)
## slow down motion to make animation look nicer
r=Craft.pos-Earth.pos
rmag=sqrt(r.x**2+r.y**2+r.z**2)
rhat = r/rmag
Fgrav=-(G*mEarth*mCraft)/(rmag)**2
Fnet = Fgrav * rhat
pCraft = pCraft + Fnet * deltat
Craft.pos = Craft.pos + (pCraft/mCraft)*deltat
trail.append(pos=Craft.pos)
t = t+deltat
print 'Calculations finished after ',t,'seconds'
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A Spacecraft Voyage
Part 1: Spacecraft and Earth

45
min

OBJECTIVES
In this VPython program you will model the motion of a spacecraft traveling around the Earth. To do this you
will iteratively (repeatedly) :
• calculate gravitational force on the spacecraft by the Earth
• apply the momentum principle to update the momentum of the spacecraft
• update the position of the spacecraft
You will use your working program to explore the effect of the spacecraft's initial velocity on its trajectory.
GROUP ROLES
Before you begin, you should agree on the responsibilities of the Manager, the Recorder, and the Skeptic for this
activity.
Data for this and subsequent programs:
Mass of Earth: 6e24 kg
Mass of spacecraft: 15e3 kg
Mass of Moon: 7e22 kg
Distance from Earth to Moon: 4e8 m

Radius of Earth: 6.4e6 m
Radius of spacecraft: very small (exaggerated in program)
Radius of Moon: 1.75e6 m
G = 6.7e-11 N m**2/kg**2

You may find it useful to refer to previous programs in which you calculated gravitational forces, and predicted
motion iteratively.

EXAMPLE PROGRAM
An example program has been provided in WebAssign, and you can copy this code and paste it into an IDLE
window, and save it in My Documents. Remember to give it the extension ".py".
1. Study the Example Program
Read through the program shell together. Make sure everyone in the group understands the function of each
VPython instruction. Answer the following question before going on:

Q1: Draw on the whiteboard what you would expect to see once you run the program.
Q2: Which line(s) are responsible for allowing the spacecraft to move through space?

1
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2. Modify the Example Program

• What is needed in order to get the spacecraft to orbit the Earth? First, draw the
orbit you want the visualization to display on your whiteboard.
• Modify the example program with calculations that will allow the program to
instruct the spacecraft to orbit the Earth.
• Use the symbolic names defined in the program shell. You may need to add other
symbolic names in your calculations.
• Are you making any assumptions in your program? If so, what are they?
• Do this, and run your program. Is the behavior what you expected?
3. Detecting a collision
If your spacecraft collides with the Earth, the program should stop. Add code similar to this inside your loop
(using the name you defined for the distance between the spacecraft and the center of the Earth):
if rmag < Earth.radius:
break

This code tells VPython to get out of the loop if the spacecraft touches the Earth.
4. Answer these questions about the effect of initial velocity on the motion on your whiteboard
•

Approximately, what initial speed is required to make a circular orbit around the Earth?
You may wish to zoom out to examine the orbit more closely.
•

•

WHY DOES CHANGING THE INITIAL VELOCITY HAVE AN EFFECT ON THE ORBIT?

Approximately, what minimum initial speed is required so that the spacecraft “escapes”
and never comes back? You may have to zoom out to see whether the spacecraft shows
signs of coming back. You may also have to extend the time in the while statement.

Run the program with an initial velocity that produces an elliptical orbit.
5. Answer these questions about the changes in the spacecraft's momentum on your
whiteboard.
•
•
•
•
•

For this elliptical orbit, what is the direction of the spacecraft's momentum vector?
Tangential? Radial? Something else?
What happens to the momentum as the spacecraft moves away from the Earth?
As it moves toward the Earth?
Why? Explain these changes in momentum in terms of the Momentum Principle. Be
careful: The Momentum Principle does NOT say "big force -> big momentum".
Compare your answers to those of another group.

Turn in your program. Make sure your program file name ends in “.py’’
2
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A spacecraft voyage, part 1: Spacecraft and Earth
OBJECTIVES
In this program you will model the motion of a spacecraft.
You will use your working program to explore the effect of the spacecraft’s initial velocity on its trajectory.
TIME
You should finish this activity in 45 minutes or less.
GROUP ROLES
Before you begin, you should agree on the responsibilities of the Manager, the Recorder, and the Skeptic
for this part of the lab.
Record your answers to the QUESTIONS sections; you will need them later.

A WORKING EXAMPLE PROGRAM
An example program has been provided in WebAssign. Right click on the linked file and save it to your
Desktop. Remember to give it the extension “.py”.

1

Study the Program - DO NOT Run It Yet (That’s Cheating!)

Read through the program together. Make sure everyone in the group understands the function of each
VPython instruction.

Draw on the whiteboard what you expect to see once you run the program.
Whiteboard Prediction

1
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2

Run the Program
• Is your prediction okay? Did something happen that you didn’t expect to happen?

3

Modify the Program
• First, draw on the whiteboard how you want the spacecraft to interact with the Earth.
• What calculations are needed in order to get the spacecraft and the Earth to interact?
• Modify the program with these calculations. Where should you place these new lines
of code in the program?
• Use symbolic names defined in the program. You may need to add other symbolic
names in your calculations.
• Are you making any assumptions in your program? If so, what are they?
• Finally, run the program. Is the behavior what you expected? Do you need to change
your code?

4

Detecting a collision

If your spacecraft collides with the Earth, the program should stop. Add code similar to this inside your
loop (using the name you defined for the distance between the spacecraft and the center of the Earth):
if rmag < Earth.radius:
break
This code tells VPython to get out of the loop if the spacecraft touches the Earth.

5

Visualize the momentum vector with an arrow

In a previous program, you used arrows to visualize gravitational force vectors. In this program, you will
use an arrow to visualize the momentum of the spacecraft.
You will create an arrow before the while loop and update its position and axis inside the loop, as
the spacecraft’s momentum changes. You need to know the approximate magnitude of the momentum in
order to be able to scale the arrow to fit into the scene, so just before the loop, print the momentum vector:
print ’p=’, pcraft
In the #CONSTANTS section of your program, add this scale factor
pscale = 0.1
Also insert the following statement in the #OBJECTS section of your program (NOT inside
the loop):
parr = arrow(color=color.green)

2
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This statement creates an arrow object with default position and axis attributes. You will set these
attributes inside the loop.
• Comment out any print statements which are inside your loop because they slow down
plotting.
• Inside your loop, update the pos attribute of the parr arrow object to be at the center of
the spacecraft, and on a separate line update its axis attribute to represent the current
vector value of the momentum of the spacecraft (multiplied by pscale).
parr.pos = ?
parr.axis = ?
• You may have to adjust the scale factor once you have seen the full orbit.

6

Answer these questions about the changes in the spacecraft’s momentum
• For this elliptical orbit, what is the direction of the spacecraft’s momentum vector?
Tangential? Radial? Something else?
• What happens to the momentum as the spacecraft moves away from the Earth?
• As it moves toward the Earth?
• Why? Explain these changes in momentum in terms of the Momentum Principle.
• Compare your answers to those of another group.

7

Answer these questions about the effect of initial velocity on the
motion
• Approximately, what initial speed is required to make a circular orbit around the Earth?
You may wish to zoom out to examine the orbit more closely.
• Why does changing the initial velocity have an effect on the orbit?
• Approximately, what minimum initial speed is required so that the spacecraft “escapes”
and never comes back? You may have to zoom out to see whether the spacecraft shows
signs of coming back. You may also have to extend the time in the while statement.

October 1, 2009
3
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from __visual__ import division
from visual import *
scene.width =800
scene.height = 800
#CONSTANTS
G = 6.7e-11
mEarth = 6e24
mcraft = 15e3
deltat = 60
#OBJECTS AND INITIAL VALUES
Earth = sphere(pos=vector(0,0,0), radius=6.4e6, color=color.cyan)
craft = sphere(pos=vector(-10*Earth.radius, 0,0), radius=1e6, color=color.yellow)
vcraft = vector(0,2e3,0)
pcraft = mcraft*vcraft
trail = curve(color=craft.color)
## produces a trail behind the craft
t = 0
while t < 10*365*24*60*60:
rate(100)
## slow down motion to make animation look nicer
craft.pos = craft.pos + (pcraft/mcraft)*deltat
trail.append(pos=craft.pos) ##this adds the new position of the spacecraft to the trail
t = t + deltat
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Computer Model of Spring-Mass System
Questions:
You should be able to answer these questions by the end of this lab.
1. Using your measured data on the mass and spring you used in a previous experiment, will VPython
accurately predict the oscillation period you measured in your experiment?
2. What initial conditions must you specify in your program in order to get your virtual mass-spring
system to oscillate in all three dimensions, instead of just staying in one plane?
3. How does energy flow within the system consisting of a mass and spring?

1

The Spring Force as a Vector

To write an equation for the spring force as a vector, combining magnitude and direction into one
expression, we need to consider the general case, in which the spring may be stretched both vertically
and horizontally. Since the force exerted by the spring will be directed along the axis of the spring, we
! which is a relative
need a unit vector in that direction. We will get this unit vector from the vector L,
position vector: it specifies the position of the movable end of the spring relative to the fixed end of the
! extends from the point at which the spring is attached to a support to the mass at the other
spring. L
end of the spring, as shown in the diagram below. L0 is the length of the relaxed spring.

L0

L

! into the product of a magnitude (the length of the spring)
We can factor the relative position vector L
and a unit vector:
! = |L|
! L̂
L
The stretch of the spring can now be written as:
! − L0
s = |L|
• When the spring is longer than its relaxed length, the value of s will be positive, but the direction
of the force will be given by −L̂.
• When the spring is shorter than its relaxed length, the value of s will be negative, but the direction
of the force will be given by +L̂.

1
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The general expression for the vector spring force is therefore:

THE VECTOR SPRING FORCE
F! = −ks sL̂
where
L0 is the length of the relaxed spring
! extends from the point of attachment of the spring to the mass at the other end
The vector L
The stretch s may be positive or negative
1.1

Example

Suppose the stiffness of the rightmost spring shown in the diagram above is 9 N/m, and its relaxed length
is 21 cm. At the instant shown, the location of the green mass is ".07, −0.33, 0# m relative to an origin at
the point of attachment of the spring. What is the force exerted by the spring on the green mass at this
instant?

1.2

Solution
! = "0.07, −0.33, 0.0# m − "0, 0, 0# m = "0.07, −0.33, 0.0# m
L
!
!
|L| = (.07 m)2 + (−.33 m)2 = 0.337 m
"0.07, −0.33, 0.0# m
L̂ =
= "0.208, −.979, 0#
0.337 m
s = 0.337 m − 0.21 m = 0.127 m
! = −(9 N/m)(0.127 m)"0.208, −.979, 0# = "−.238, 1.12, 0# N/m
F

Check: The x component of the force is negative, and the y component is positive, as they should be.

To check your understanding of how to calculate the vector spring force, complete
the WebAssign problem before moving on in the instructions.

2
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On Your Whiteboard
1. Explain & Predict Program Visualization
• Work with your group to explain the workings of the program.
• Make a prediction on a whiteboard of what you will see in the visualization when you run
it.
• Run your program after everyone agrees on the prediction. Discuss how closely your
prediction matches what you see in the visualization.

Checkpoint: Describe to your TA how you can recreate this simulation with
lab equipment.

2. Extend Program to Include Additional Interactions
Change the values in the program for the ball’s mass, spring constant, and relaxed length, using
the recorder’s data from Lab 04.
Modify this program to simulate what happens when you connect the ball to the spring and
release it from rest. It may help you to plan what types of additional calculations are needed in
the program to achieve this goal. Try the same strategy you used to develop the gravitational
force calculation in Lab 04:
• List the quantities needed to calculate the total interaction.
• Determine where each new calculation should go in the program.
• Define the quantities in terms of the attributes of 3D objects and other variables or
constants that already exist.
• Predict what you would expect to see when you run the program.
• Run the program and make any necessary changes to the code to achieve your goal.

3. Change the Initial Position of the Ball.
Change the initial position of your ball to "0, −0.5, 0#. Run the program and pay attention to the
amplitude of the oscillation. Next, determine two ways in which you can modify the program’s
initial conditions such that the amplitude is less:

TA Checkpoint: Explain why the amplitude changed by thinking about what
happened during the first two iterations of the while loop.

3
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4. Using a graph to answer Question 1 (page 1):
Have your program produce a graph of the y-coordinate of the ball’s position vs. time. Use this
graph to determine the period of the oscillating system in your computer model. Here are some
reminders on how to do this:
In the ##objects section of your program, create a gcurve object, for plotting the position of your
ball:
ygraph = gcurve(color=color.yellow)
Inside the loop, after updating the momentum and position of the ball, and the time, add the
following statement:
ygraph.plot(pos=(t, ball.pos.y))
Answer the following questions (related to Question 1 on page 1):
• Why doesn’t the graph cross zero?
• What is the period of the oscillations shown on the graph? (You will find it easier to read
the period off the graph if you change the while t < 60: statement to make the program quit
after a small number of oscillations.)
• How does the period of your model system compare with the period you measured for your
real system?
• What does the analytical solution for a spring-mass oscillator predict for the period?
• Should these numbers be the same? If they are not, why not?
• Make the mass 4 times bigger. What is the new period? Does this agree with theory?
(Afterwards, reset the mass to its original value.)
• Make the spring stiffness 4 times bigger. What is the new period? Does this agree with
theory? (Afterwards, reset the spring stiffness to its original value.)
• Make the amplitude twice as big. (How?) What is the new period? Does this agree with
theory? (Afterwards, reset the amplitude to its original value.)
• Write down the answers to these questions, since you will need them later.

5. 3D Motion
a. Comment out the y vs. time graph defined in the ##objects section and in the loop.
b. Add the following lines of code to produce a trail tracking the motion of the ball:
trail = curve(color=ball.color) ## in ##objects section
trail.append(pos=ball.pos) ## inside the loop, after the position update formula
c. Find initial conditions that produce oscillations not confined to a single plane. Zoom and
rotate to make sure the oscillations are not planar.

4
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################################################################################
####
####
####
DO NOT RUN THIS PROGRAM UNTIL YOU ARE ASKED TO DO SO
####
####
IN THE INSTRUCTIONS
####
####
####
################################################################################
from __future__ import division
from visual import *
from visual.graph import *
scene.width=600
scene.height = 760
## constants and data
g = 9.8
mball = 1
## change this to Mass 2 (in kg) for your spring color.
L0 = 0.26
## this is an approximate relaxed length of your spring in meters calculated in lab.
ks = 1
## change this to the spring constant you measured (in N/m)
deltat = .01
t = 0

## start counting time at zero

## objects
ceiling = box(pos=(0,0,0), size = (0.2, 0.01, 0.2))
## origin is at ceiling
ball = sphere(pos=(0,-0.3,0), radius=0.025, color=color.orange) ## note: spring initially compressed
spring = helix(pos=ceiling.pos, axis = vector(0,-L0,0), color=color.cyan, thickness=.003, coils=40, radius=0.015) ## change the color to
be your spring color

## initial values
pball = mball*vector(0,0,0)
Fgrav = mball*g*vector(0,-1,0)
## improve the display
scene.autoscale = 0
scene.center = vector(0,-L0,0)
scene.mouse.getclick()

## don't let camera zoom in and out as ball moves
## move camera down to improve display visibility
## Simulation doesn't start when you Run Program. Must also click the simulation with mouse to start.

## calculation loop
while t < 30:
rate(100)
Fnet = Fgrav
pball = pball + Fnet*deltat
ball.pos = ball.pos + pball/mball*deltat
t = t + deltat
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Computer Model of a Collision
On Your Whiteboard
1. Explain & Predict Program Visualization
• Work with your group to explain the workings of the program.
• Make a prediction on a whiteboard of what you will see in the visualization when you run
it.
• Run your program after everyone agrees on the prediction. Discuss how closely your
prediction matches what you see in the visualization.

2. Extend Program to Include Additional Interactions
Modify this program to simulate what should happen to the alpha particle and gold nucleus as the
alpha particle approaches.
• List the quantities needed to calculate the interactions.
• Determine where each new calculation should go in the program.
• Define the quantities in terms of the attributes of 3D objects and other variables or
constants that already exist.
• Predict what you would expect to see when you run the program.
• Run the program and make any necessary changes to the code to achieve your goal.

3. Momentum Plots
On Your Whiteboard
• Draw a plot of the x component of momentum for the alpha particle, gold nucleus, and total
momentum of the system vs. time.
• Draw a plot of the y component of momentum for the alpha particle, gold nucleus, and total
momentum of the system vs. time.

TA Checkpoint: Show your plots to the TA. Afterward, add the code on the
next page to your program above the while loop to display these plots.

1
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#Display
gdisplay(xtitle=’Time’, ytitle=’Px’, x=0, y=scene.height, width=scene.width/2, height=200)
Alphapx=gcurve(color=color.blue)
Aupx=gcurve(color=color.yellow)
totalpx=gcurve(color=color.green)
gdisplay(xtitle=’Time’, ytitle=’Py’, x=scene.width/2, y=scene.height, width=scene.width/2, height=200)
Alphapy=gcurve(color=color.blue)
Aupy=gcurve(color=color.yellow)
totalpy=gcurve(color=color.green)
#Add following in the loop after time update
Alphapx.plot(pos=(t,pAlpha.x))
Alphapy.plot(pos=(t,pAlpha.y))
Aupx.plot(pos=(t,pAu.x))
Aupy.plot(pos=(t,pAu.y))
totalpx.plot(pos=(t,pAu.x+pAlpha.x))
totalpy.plot(pos=(t,pAu.y+pAlpha.y))

• Compare the plots generated by the program with your predictions.

4. Impact Parameter
The impact parameter b is the distance between centers of the alpha particle and the gold nucleus,
perpendicular to the incoming momentum, as shown below.

•
•
•
•

Set b = 5×10−15 m in the initial values section of the program.
Use b to change the initial position of the Alpha particle.
How will your py graph change due to the new impact parameter?
Run your program.

5. Scattering Angle
• The scattering angle is the angle measured between the +x axis and the momentum vector
of the scattered alpha particle. In VPython, the scattering angle in degrees is
atan2(py,px)*180/pi.
• Determine the scattering angle for the alpha particle for the following impact parameters:

b1 = 5×10−15 m
b2 = 10×10−15 m
b3 = 100×10−15 m

2
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http://www.webassign.net/userimages/101465?db=v4net
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################################################################################
####
####
####
DO NOT RUN THIS PROGRAM UNTIL YOU ARE ASKED TO DO SO
####
####
IN THE INSTRUCTIONS
####
####
####
################################################################################
from __future__ import division
from visual import *
from visual.graph import *
##Constants
massAu = (79+118)*1.7e-27
massAlpha = (2+2)*1.7e-27
qAu = 2*1.6e-19
qAlpha = 79*1.6e-19
oofpez = 9e9
deltat = 1e-23
##Objects
scene.width=600
scene.height=600
Au = sphere(pos=vector(0,0,0), radius=8e-15, color=color.yellow)
Alpha = sphere(pos=vector(-1e-13,0,0), radius=2e-15, color=color.blue)
trailAu = curve(color=Au.color)
trailAlpha = curve(color=Alpha.color)
#Initial Values
pAu=massAu*vector(0,0,0)
K_Alpha = 10*1e6*1.6e-19
#10 MeV in Joules
pAlpha=vector(sqrt(2*K_Alpha*massAlpha),0,0)
t = 0
while t<1e-20:
rate(1000)
Alpha.pos=Alpha.pos+(pAlpha/massAlpha)*deltat
trailAlpha.append(pos=Alpha.pos)
trailAu.append(pos=Au.pos)
t=t + deltat
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As the faculty sponsor, my signature testifies that I have reviewed this application thoroughly and will oversee the
research in its entirety. I hereby acknowledge my role as the principal investigator of record.
Faculty Sponsor:
Ruth Chabay

April 8, 2009
*
(typed/printed name)
(signature)
(date)
*Electronic submissions to the IRB are considered signed via an electronic signature. For student submissions
this means that the faculty sponsor has reviewed the proposal prior to it being submitted and is copied on the
submission.

Please complete this application and email as an attachment to: joe_rabiega@ncsu.edu or send
by mail to: Institutional Review Board, Box 7514, NCSU Campus (Administrative Services III).
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Please include consent forms and other study documents with your application and submit
as one document.
*********************************************************************************************
****
For SPARCS office use only

Reviewer Decision (Expedited or Exempt Review)
Exempt
Approved

Approved pending modifications

Expedited Review Category:
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___________________________________________________________________________________________
Reviewer Name
Signature
Date

North Carolina State University
Institutional Review Board for the Use of Human Subjects in Research
GUIDELINES FOR A PROPOSAL NARRATIVE
In your narrative, address each of the topics outlined below. Every application for IRB review must contain
a proposal narrative, and failure to follow these directions will result in delays in reviewing/processing the
protocol.
A.

INTRODUCTION
1. Briefly describe in lay language the purpose of the proposed research and why it is important.
This research project will video record physics students completing modified laboratory
activities in two experimental lab sections for the Fall semester. The goal of the project is to
study, in detail, how students approach and complete lab activities. The kinds of lab activities
we will ask students to complete are the same as in the non-experimental lab sections. These
activities include working physics problems on whiteboards, completing hands-on experiments,
and programming. As in the non-experimental lab sections, students will work in collaborative
groups, have access to a TA for support, and receive credit for the laboratory requirement for
PY205M.
Participation in the experimental lab section is voluntary. Students who decide to register or opt
out of the experimental lab section will receive help in switching to a non-experimental lab
section.
These modified laboratory activities are designed to improve the student learning of physics. All
modifications will be cleared with the course coordinator ahead of the lab.
The purpose of this study is to fine-tune the lab activities for the PY205M course, study
discourse while students work in groups to complete these activities, investigate how to design
computational activities to improve conceptual understanding of physics, and capture TAstudent interactions to use for the departmental TA training workshop.
2.

B.

If student research, indicate whether for a course, thesis, dissertation, or independent research.
Data on students working on computational tasks will be used in the PI’s dissertation.

SUBJECT POPULATION
1. How many subjects will be involved in the research?
24 students involved (2 experimental lab sections with 12 students per experimental lab
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section).
2.

Describe how subjects will be recruited. Please provide the IRB with any recruitment materials that
will be used.
Students are not initially recruited. Students register for Fall 2009 labs according to the
registrar’s registration calendar. Students who register for the PY205M lecture must register for
one laboratory section. Sixteen of the 18 laboratory sections offered are for the nonexperimental lab where no data is collected.
Students who choose to register for one of the two experimental lab sections where data
recording will occur will be notified via their NCSU email address of the purpose of the lab
section and mailed a consent form detailing risks to the student (notification and consent form
attached). The student will have the opportunity to decide during the Spring registration period
to stay in the course or choose one of the 16 non-experimental lab sections.
If the enrollment of each lab section is below 12 students during the first week of classes in
August, the PI will actively recruit students by making a brief two-minute presentation at the
beginning of the lecture course, if the lecture instructor agrees to yield time for this presentation.
The handout for this recruitment (if necessary) is attached.

3. List specific eligibility requirements for subjects (or describe screening procedures), including those
criteria that would exclude otherwise acceptable subjects.
Any student taking the PY205M lecture may register for the lab as long as there are seats open.
These student willing to participate in the study having read the consent form, must also elect to
allow researchers to use all video data for the purposes of 1) analysis by members of the NCSU
PERD group, 2) evidence in presentations at professional conferences where their likeness may
be shown, and 3) example case studies in departmental TA training workshops. If the subject is
a minor, the legal parent/guardian must additionally agree to provide permission for the same
purpose.
These short segments of video will be presented as evidence to the claims or counterclaims
made by the researcher, only if the video segment captures additional resolution that the audible
transcript does not.

4.

Explain any sampling procedure that might exclude specific populations.
None.

5.

Disclose any relationship between researcher and subjects - such as, teacher/student;
employer/employee.
The PI will serve as the assigned TA for the two experimental lab sections. TA responsibilities
include evaluating student assignments completed during the lab with the same grading rubric
used in the regular labs. The TA will only evaluate students in these experimental lab sections,
thus eliminating any possible bias or judgments about non-experimental lab students. The TA is
the only person allowed to evaluate student performance in 205M lab sections. Lecture
instructors have no say in the laboratory component of the course grade.
The faculty sponsor is a lecture instructor for PY205M and assigns a final score encompassing
both lecture and lab as detailed in the course syllabus. All assessments that are part of the lecture
section are objective and include homework scores calculated by WebAssign, participation in
lecture with clickers using Student Response Software, and the grading of exams with rubrics
developed by the PY205M course coordinator, who is not directly involved with this project.
Some of the 24 students involved in the study may also be students in the faculty sponsor’s
lecture section.
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Students from either the experimental or non-experimental lab sections with issues about grades
may appeal to the Course Coordinator.
Additional measures to protect student identity are discussed below.
6.

Check any vulnerable populations included in study:
X minors (under age 18) - if so, have you included a line on the consent form for the
parent/guardian signature
fetuses
pregnant women
persons with mental, psychiatric or emotional disabilities
persons with physical disabilities
economically or educationally disadvantaged
prisoners
elderly
X students from a class taught by principal investigator
other vulnerable population.

7.

C.

If any of the above are used, state the necessity for doing so. Please indicate the approximate age
range of the minors to be involved.
Since 1st semester freshmen are part of the population eligible to participate in the study, the
anticipated range of minors is 17-18 years old. Participants will be asked to volunteer their date
of birth on the consent form to determine if a parent/guardian signature is required, in addition
to the minor’s assent to participate.

PROCEDURES TO BE FOLLOWED
1.

In lay language, describe completely all procedures to be followed during the course of the
experimentation. Provide sufficient detail so that the Committee is able to assess potential risks to
human subjects. In order for the IRB to completely understand the experience of the subjects in your
project, please provide a detailed outline of everything subjects will experience as a result of
participating in your project. Please be specific and include information on all aspects of the research,
through subject recruitment and ending when the subject's role in the project is complete. All
descriptions should include the informed consent process, interactions between the subjects and the
researcher, and any tasks, tests, etc. that involve subjects. If the project involves more than one group
of subjects (e.g. teachers and students, employees and supervisors), please make sure to provide
descriptions for each subject group.
Potential subjects will register for one of the lab sections during the registration period
beginning Spring 2009. Subjects who choose one of the experimental labs will be notified of the
purpose of the lab section as well as its risks and benefits as indicated on a consent form sent to
the student’s NCSU email address.
If the two sections of experimental lab have not filled by the first week of classes during the Fall
2009 semester, the PI will ask permission from the PY205M lecture instructors to make a short
two-minute presentation about the experimental lab in an attempt to explain its purpose to a
larger audience. Students interested in more information will be directed to email the PI who
will at that time send the interested student a consent form to read over. At that time, it is up to
the student to make the decision whether or not to switch through normal registration
procedures.
On the first day of the lab, before any data capture begins, the PI will again go over the consent
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form and make sure all the subjects are clear about the experience and have signed the form (as
well as any parent/guardian signatures for participants who are under 18). The TA will describe
the types of data we are collecting and recording, including the use of video/audio devices to
capture discussions, work written on whiteboards, computer models displayed on screens, all
gestures, interactions with the TA, activities performed as a group, and off-task behaviors.
Additionally, students are reminded that they may transfer to a non-experimental lab section
during the semester.
Subjects are instructed about working in collaborative groups including the role of manager,
recorder, skeptic, and summarizer. The subjects are also informed that in order to help maintain
their anonymity, the PI will refer to individuals in the group by their role and not their given
name. All student names uttered aloud will be deleted from the audio record.
Students complete the same activities as regular lab sections. Modifications to the activities will
be variations of the standard tasks, intended to improve students’ learning and understanding.
All modifications will be submitted to the PY205M course coordinator for approval before they
are implemented in the experimental sections. This alternate method may include altering the
tasks to complete or questions to answer pertaining to an activity.
For example, programming activities used in regular lab sections involve students generating a
program by supplying missing lines of code. We would like to shift the student focus from
developing a working program to thinking about how the program works. A proposed
modification involves providing groups with a complete example program where students study
the program code and use a whiteboard to draw a prediction of what happens when the program
runs.
In addition, students may be asked to submit an alternate type of report. Students in nonexperimental lab sections use WebAssign to answer essay questions pertaining to lab activities.
The experimental lab section may ask students to record a short 90-second audio/visual clip
explanation instead.
All modifications are designed to improve student learning.
During a lab, students are given adequate time to complete all tasks as well as answer related
questions delivered by WebAssign or the TA. Students will receive a score in lab based on the
correctness of these answers. Subjects who miss a lab will receive zero points for the lab
session, however subjects may be given permission to attend a makeup lab in a nonexperimental section if the absence meets criterion defined by the lecture instructors for all
PY205M students. Experimental-lab scores are calculated the same way as non-experimental lab
scores. This lab score is then combined with other objective work related to the lecture section
(tests, homework, participation) to calculate a final course grade.
At the conclusion of each week’s lab, the TA will collect all data, monitor the audio for any use
of a subject’s given name and then deleting or beeping out that audio identification, and transfer
it over to a secure server. Some analysis by the TA and other PERD research group members
may occur before the end of the semester.
After all final grades are uploaded to the registrar’s office, the PI will destroy the record used to
track student attendance which includes subjects’ identities and relates those identities to group
membership during any single lab week.
2.

How much time will be required of each subject?
The subject would spend the same amount of time in lab as a student enrolled in the nonexperimental lab.
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D.

POTENTIAL RISKS
1. State the potential risks (physical, psychological, financial, social, legal or other) connected with the
proposed procedures and explain the steps taken to minimize these risks.
Although careful consideration was given to protecting student anonymity, there is the
unforeseen possibility of a researcher who is permitted to view the video data to recognize an
individual participating in the study.
No persons who are currently, or in the future may be in a position of influence or power over
the subject will learn the identity of the subjects involved in the study as all data revealing the
names of students will be destroyed.
Other risks to subject anonymity that may be involved in processing data (and their
countermeasures) are discussed in section 3.
2.

Will there be a request for information that subjects might consider to be personal or sensitive (e.g.
private behavior, economic status, sexual issues, religious beliefs, or other matters that if made public
might impair their self-esteem or reputation or could reasonably place the subjects at risk of criminal or
civil liability)?
No.

a. If yes, please describe and explain the steps taken to minimize these risks.
N/A.

b. Could any of the study procedures produce stress or anxiety, or be considered offensive,
threatening, or degrading? If yes, please describe why they are important and what
arrangements have been made for handling an emotional reaction from the subject.
The procedures in the study are no different from the non-experimental lab sections. Students
will complete tasks in groups directly related to the goals of the course and correlate to the
topics covered in lecture. Students may feel anxious or stressed while attempting a difficult
physics task, however this is no different from peers participating in the non-experimental lab
sections. The TA’s primary role is to help students successfully complete all assigned tasks,
therefore any anxiety or stress will be short lived. Students may initially be self-conscious about
being video recorded but this goes away as students get used to the lab room.
3.

How will data be recorded and stored?
The following data will be collected(method of storage).
1. WebAssign is used to deliver all lab assignments and handle records of student
submissions and scores. The course coordinator, who is not associated with the study,
and the graduate student TA will have access to the this data which contains a list of
the subject’s names which is stored on WebAssign’s server. Only the TA will have the
information necessary to connect the subject’s name to their likeness captured by the
video cameras using a log that correlates the assigned cooperative group number to the
group’s location in the room, to the subject’s identifying name in WebAssign. This
“Rosetta stone” is a paper document and its function is only to match the credit each
group receives for tasks completed to a WebAssign score for an individual. This
document serves an administrative purpose only, to record lab attendance, and will be
destroyed at the end of the Fall 2009 semester. None of the information in this
document is used for research purposes while analyzing or reporting data.
2. Assignment Submission Data. Students offer submissions to targeted questions in
WebAssign as evidence of completing lab activities. The subject’s responses are valid
data for this study. This data is stored electronically on WebAssign’s server and is only
accessible by the TA and course coordinator.
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3.
4.

Overhead Video Camera and Audio. This data records any work written on the
whiteboard, individuals pointing at a computer monitor, and gestures (stored
electronically on a PERD secure server).
Computer Screen Recording and Webcam. The computer screen recording software
will capture all activity on the computer screen as well as any audio signal intercepted
by an external microphone. The webcam attaches to the computer monitor and is
directed towards the student group. Its camera will record gesture communication
between the students in the group and the interactions between the group and the TA.
The webcam will also capture audio using the same external microphone as above
(stored electronically on a PERD secure server).

a. How will identifiers be used in study notes and other materials?
The four tables in the lab are numbered and groups each week are rotated randomly from one
table to another. Any identifiers created during data analysis and used in reporting will be
randomly assigned to distinguish one group from another during a lab. Note: These identifiers
have no association with the “Rosetta stone” mentioned above and serve a research purpose
rather than an administrative purpose, therefore there are no risks to compromising subject
anonymity.
b. How will reports will be written, in aggregate terms, or will individual responses be

described?
This study’s unit of analysis is each group, consisting from two to four subjects. When reporting
an episode of interest that occurs within the group, individuals are distinguished from one
another based on the role they assume for the activity (Manager, Recorder, Skeptic,
Summarizer, TA).

4. If audio or videotaping is done how will the tapes be stored and how/when will the tapes be destroyed
at the conclusion of the study.
All audio/visual data exists in electronic form, stored on a secure PERD group server with
access restricted to members of the PERD group. As the amount of data accumulates on the
server, data may be transferred to external hard drives secured in the PERD observation room by
lock and key. Additionally, the drive itself will be password encrypted to secure the data against
loss and theft. PERD group members are allowed to use the data and its analysis in future
research projects. All data may be kept indefinitely.

5. Is there any deception of the human subjects involved in this study? If yes, please describe why it is
necessary and describe the debriefing procedures that have been arranged.
No deception, whatsoever.
E.

POTENTIAL BENEFITS
This does not include any form of compensation for participation.
1. What, if any, direct benefit is to be gained by the subject? If no direct benefit is expected, but indirect
benefit may be expected (knowledge may be gained that could help others), please explain.
Students participate in a laboratory with a lower teacher-student ratio as compared to nonexperimental labs. The lower student-teacher ratio is dictated by the physical size of the
experimental lab rooms. A lower student-teacher ratio is important because newly modified
instructional materials may be confusing to students in unanticipated ways, and the TA must be
able to detect and remedy such confusions quickly. Students will spend only a small fraction of
their time interacting with the TA, since they work in formal cooperative groups, and the student
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groups bear the primary responsibility of planning and completing lab work.
In PY205m, students’ lab grades contribute 13% of their overall course grade. Students in the
experimental sections will not have significantly higher lab grades, because in the regular
sections almost all students who attend every lab earn lab scores of 95-100%. Any score
improvement would be nearly insignificant: a 2% increase in lab score would yield only a 0.3%
increase in the student’s overall course grade.
The end product of all laboratory exercises will be the same for students in both the standard and
experimental lab sections (experimental data and analysis, problem solution, or computational
simulation with visual output). Grades will be based on these end products. Modified
instructional materials may vary the starting point, questions to be answered during the activity,
or explanations requested while students are working. The experimental activities will not be
easier, and are not intended to be more difficult.
To help illustrate the types of modifications we are seeking to test, the application packet
contains supporting material that compares an activity that has been modified to its original
form as well as the rubric used to grade the programs. The rubric is the same for both
experimental and non-experimental sections. The specific goal of the modification is to see how
alternate tasks affect students' ability to relate the visualization of a computer program to the
algorithm the computer uses to create it. The rubric for the experimental and non-experimental
lab sections do not evaluate the ability of students to accomplish this goal. Therefore, there is
minimal risk that the modifications to the instructions will have an effect on course grades.
The experimental labs are offered during the early afternoon at popular times. This is
determined by how quickly lab courses fill up at this time of the day during previous semesters.
The TA has ample experience teaching introductory physics courses and labs and English is his
native language.

F.

COMPENSATION
Please keep in mind that the logistics of providing compensation to your subjects (e.g., if your business
office requires names of subjects who received compensation) may compromise anonymity or complicate
confidentiality protections. If, while arranging for subject compensation, you must make changes to the
anonymity or confidentiality provisions for your research, you must contact the IRB office prior to
implementing those changes.

1. Explain compensation provisions if the subject withdraws prior to completion of the study.
None.
2.

If class credit will be given, list the amount and alternative ways to earn the same amount of credit.
Students may alternatively transfer to a non-experimental lab at any point during the
semester. There are many non-experimental lab sections.
Lab scores for both experimental and non-experimental sections contribute towards 13% of the
overall PY205M course grade.

G

COLLABORATORS
1. If you anticipate that additional investigators (other than those named on Cover Page) may be
involved in this research, list them here indicating their institution, department and phone number.
Brandon Lunk, a NCSU physics graduate student, will control the ceiling-mounted cameras
from an observation room. Brandon Lunk will not have access to any of the subject’s names,
however he will see the likeness of subjects through monitors in our observation room. As a
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member of the PERD research group, Brandon will also have access to the data for research
purposes.

2. Will anyone besides the PI or the research team have access to the data (including completed surveys)
from the moment they are collected until they are destroyed.
Yes, all NCSU PERD group members present and future will have access to the audio/video
data. To participate, subjects must elect to provide permission to the NCSU PERD research
group to present short video clips, which may or may not contain the subject’s likeness to other
researchers in the field at professional conferences. If the subject is a minor, the legal
parent/guardian must additionally agree to provide permission for the same purpose. These short
segments of video will be presented as evidence to the claims or counterclaims made by the
researcher, only if the video segment captures additional resolution that the audible transcript
does not.
Students who do not elect to provide permission to the NCSU PERD research group to record
their likeness or present video data at research conferences will be asked to switch to a nonexperimental lab section.
H.

CONFLICT OF INTEREST
1. Do you have a significant financial interest or other conflict of interest in the sponsor of this project?

No
2. Does your current conflicts of interest management plan include this relationship and is it being properly
followed? N/A
I.

J.

ADDITIONAL INFORMATION
1. If a questionnaire, survey or interview instrument is to be used, attach a copy to this proposal.
2.

Attach a copy of the informed consent form to this proposal.

3.

Please provide any additional materials that may aid the IRB in making its decision.

HUMAN SUBJECT ETHICS TRAINING
*Please consider taking the Collaborative Institutional Training Initiative (CITI), a free, comprehensive
ethics training program for researchers conducting research with human subjects. Just click on the
underlined link.
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Revised 03/2009
North Carolina State University
Institutional Review Board For The Use of Human Subjects in Research
GUIDELINES FOR PREPARATION OF INFORMED CONSENT FORM
PLEASE READ ALL OF THIS INFORMATION CAREFULLY
PRIOR TO COMPLETING THE CONSENT FORM
An Informed Consent Statement has two purposes: (1) to provide adequate information to
potential research subjects to make an informed choice as to their participation in a study, and (2)
to document their decision to participate. In order to make an informed choice, potential subjects
must understand the study, how they are involved in the study, what sort of risks it poses to them
and who they can contact if a problem arises (see informed consent checklist for a full listing of
required elements of consent). Please note that the language used to describe these factors
must be understandable to all potential subjects, which typically means an eighth grade
reading level. The informed consent form is to be read and signed by each subject who
participates in the study before they begin participation in the study. A duplicate copy is to be
provided to each subject.
If subjects are minors (i.e. any subject under the age of 18) use the following guidelines for
obtaining consent:
0-5 years old – requires signature of parent(s)/guardian/legal representative
6 – 10 years old - requires signature of parent(s)/guardian/legal representative and verbal
assent from the minor. In this case a minor assent script should be prepared and
submitted along with a parental consent form.
11 - 17 years old - requires signature of both minor and parent/guardian/legal
representative
If the subject or legal representative is unable to read and/or understand the written consent
form, it must be verbally presented in an understandable manner and witnessed (with signature of
witness). If there is a good chance that your intended subjects will not be able to read and/or
understand a written consent form, please contact the IRB office (919-515-7515 or 919-5154514) for further instructions.
*For your convenience, attached find a sample consent form template that contains necessary
information. In generating a form for a specific project, the principal investigator should complete
the underlined areas of the form and replicate all of the text that is not underlined, except for the
compensation section where you should select the appropriate text to be used out of several
different scenarios.
*This consent form template can also be adapted and used as an information sheet for subjects
when signed informed consent is waived by the IRB. An information sheet is usually required even
when signed informed consent is waived. The information sheet should typically include all of the
elements included below minus the subject signature line; however it may be modified in
consultation with the IRB.
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North Carolina State University
INFORMED CONSENT FORM for RESEARCH
Student Learning in a Modified Introductory Physics Laboratory
Principle Investigator: Shawn Weatherford
Faculty Sponsor: Ruth Chabay
What are some general things you should know about research studies?
You are being asked to take part in a research study. Your participation in this study is voluntary. You have the
right to be a part of this study, to choose not to participate or to stop participating at any time without penalty. The
purpose of research studies is to gain a better understanding of a certain topic or issue. You are not guaranteed any
personal benefits from being in a study. Research studies also may pose risks to those that participate. In this
consent form you will find specific details about the research in which you are being asked to participate. If you do
not understand something in this form it is your right to ask the researcher for clarification or more information. A
copy of this consent form will be provided to you. If at any time you have questions about your participation, do not
hesitate to contact the researcher(s) named above.
What is the purpose of this study?
This research project will record physics students completing some modified laboratory activities while working in
cooperative groups once a week per lab section. The research data consists of submissions to lab assignments, video
and audio from the taped lab sessions, computer screen capture and webcam images. This data may be kept
indefinitely and may be used for other research projects. These activities are designed to improve the learning of
physics. The purpose of this study is to fine-tune the lab activities for the PY205M course, study discourse while
students work in groups to complete these activities, and capture TA-student interactions to use for the departmental
TA training workshop.
What will happen if you take part in the study?
If you agree to participate in this study, you will be asked to come to lab each week and agree to be video recorded
while completing lab activities with your lab group. These activities may be slightly modified from other lab
sections. Also, some of your coursework will be used as data. You will receive credit for the lab component of
PY205M.
Risks
You may temporarily feel frustrated if you are unable to complete a laboratory task, however an experienced TA
will offer hints and suggestions to help you complete all tasks successfully. You may feel self-conscious about being
video recorded, however this feeling is temporary and will pass. Although careful consideration was given to
protecting student anonymity, there is the unforeseen possibility that a researcher who is permitted to view the video
data may recognize you and form an opinion about you.
Benefits
Students participate in a laboratory with a lower student-teacher ratio(12:1) as compared to non-research labs(24:1).
The two research labs are offered during the early afternoon at popular times. The TA has ample experience
teaching introductory physics courses and labs. English is his native language. Participation in this lab will lead to
knowledge gained that will help instructors design effective activities for future lab students. We do not anticipate
any student’s course grade to improve or decline by participating in the experimental section.
Confidentiality
Your identity in the study records will be kept strictly confidential. All audio/visual data exists in electronic form,
stored on a secure Physics Education Research and Development (PERD) group server with access restricted to
members of the PERD group. As the amount of data accumulates on the server, data may be transferred to external
hard drives secured in the PERD observation room by lock and key. Additionally, the drive will be password
protected and encrypted to secure the data against loss and theft. No reference will be made in oral or written
reports, which could link you to the study. The researcher will delete any identifying information from all study
materials taken from WebAssign. All verbal utterances of your name will be deleted from the audio record.
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Compensation
You will not receive any monetary reward for participating. Attending this lab section will fulfill the course
requirement for PY205M lab. Grading in the experimental lab is the same as grading in non-experimental labs.
What if you are a NCSU student?
Participation in this study is not a course requirement and your participation or lack thereof, will not affect your
class standing or grades at NC State. To participate on the first day of lab, you must sign this consent form
acknowledging the proposed benefits and risks of this study. You may elect to attend one of the non-research lab
sections available if you decide at any time during the semester to terminate your participation in this study, at no
penalty to you.
What if you have questions about this study?
If you have questions at any time about the study or the procedures, you may contact the faculty sponsor, Ruth
Chabay, in 248 Riddick Hall, via phone at 513-4826, or via email at rwchabay@ncsu.edu. Or, you may contact the
research lab TA, Shawn Weatherford in 224A Riddick Hall, via phone at 513-7214, or via email at
saweathe@ncsu.edu
What if you have questions about your rights as a research participant?
If you feel you have not been treated according to the descriptions in this form, or your rights as a participant in
research have been violated during the course of this project, you may contact Deb Paxton, Regulatory Compliance
Administrator, Box 7514, NCSU Campus (919/515-4514).
Consent To Participate
“I have read and understand all the above information. I have received a copy of this form. I agree to participate in
this study with the understanding that I may choose not to participate or to stop participating at any time without
penalty or loss of benefits to which I am otherwise entitled. I agree to have my likeness captured by video
equipment. I agree to allow the researchers to use videos that contain my likeness in presentations at research
conferences with the purpose of enhancing those presentations. I agree and allow the researchers to use videos that
contain my likeness in materials designed to train future TAs in departmental TA workshops, or for other research
purposes. I understand that the researchers will never use my real name, even though I allow the use of the video
recordings in public presentations.”
Participants under 18 years old must also obtain permission from a parent or guardian to participate in this study.

_______________________________________________________
Subject's signature

________________ Date ____________
Date of Birth

_______________________________________________________
Parent/Legal Guardian (if Subject is under 18)

Date__________________

_______________________________________________________
Investigator's signature

Date _________________
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North Carolina State University is a land-

Office of Research

grant university and a constituent institution

and Graduate Studies

of The University of North Carolina

NC STATE UNIVERSITY

Sponsored Programs and
Regulatory Compliance
Campus Box 7514
2701 Sullivan Drive
Raleigh, NC 27695-7514
919.515.2444
919.515.7721 (fax)

From:

Debra Paxton, IRB Administrator
North Carolina State University
Institutional Review Board

Date:

April 29, 2009

Project Title:

Student Learning in a Modified Introductory Physics Laboratory

IRB#:

931-09-4

Dear Mr. Weatherford:
The research proposal named above has received administrative review and has been approved as
exempt from the policy as outlined in the Code of Federal Regulations (Exemption: 46.101.b.1).
Provided that the only participation of the subjects is as described in the proposal narrative, this project
is exempt from further review.
NOTE:
1. This committee complies with requirements found in Title 45 part 46 of The Code of
Federal Regulations. For NCSU projects, the Assurance Number is: FWA00003429.
2. Any changes to the research must be submitted and approved by the IRB prior to
implementation.
3. If any unanticipated problems occur, they must be reported to the IRB office within 5
business days.
Sincerely,

Deb Paxton
NCSU IRB
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A Spacecraft Voyage, Part 1: Spacecraft and Earth
OBJECTIVES
In this program you will model the motion of a spacecraft. You will use your working program to explore
the effect of the spacecraft’s initial velocity on its trajectory.
TIME
You should finish this activity in 45 minutes or less.
GROUP ROLES
Before you begin, you should agree on the responsibilities of the Manager, the Recorder, and the Skeptic
for this part of the lab.
Record your answers to the QUESTIONS sections; you will need them later.

1

Explain and Predict Program Visualization

A minimal working program has been provided in WebAssign. Right click on the linked file and
save it. Remember to give it the extension “.py”.
DO NOT RUN THE PROGRAM YET. Read through the program together. Make
sure everyone in the group understands the function of each program statement. Reading and explaining program code is an important part of learning to create and modify
computational models.
After reading every line of the program, answer the following questions:
• What is the physical system being modeled? In the real world, how should this system behave?
On the left side of the whiteboard, draw a sketch showing how you think the objects should
move in the real world.
• Will the program as it is now written accurately model the real system? DO NOT RUN
THE PROGRAM YET. Study the program again. On the right side of the whiteboard,
draw a sketch of how the objects created in the program will move on the screen, based on
your interpretation of the code.
Predictions

Visual Output

Real World

• Run your program after everyone agrees on both predictions. Discuss how closely your prediction of what the program would do matches what you see in the visual output.

1
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2

Run the program
• How did your prediction compare to what you saw? Did something happen that you didn’t
expect to happen?

3

Modify the program
• What calculations are needed to express the interactions between the spacecraft
and the Earth? Recall the discussion of iterative prediction of motion in the textbook
(Chapter 2). All repeated calculations go inside the loop in the program.
Calculate the (vector) forces acting on the system and their sum, F!net .
Update the momentum of the system: !pf = p!i + F!net ∆t.
Update the position: !rf = !ri + !v∆t.
Repeat.
• Modify the program with these calculations. Where should you place these new
lines of code in the program? The previous two programs you have written may be helpful
resources.
• Use symbolic names defined in the program. You may need to add other symbolic
names in your calculations.
• Finally, run the program. Is the behavior what you expected? If not, check
that your code correctly expresses the relevant physics, and that you have placed
repeated calculations inside the while loop.

4

Visualize the momentum vector with an arrow

In a previous program, you used arrows to visualize gravitational force vectors. In this program,
you will use an arrow to visualize the momentum of the spacecraft.
You will create an arrow before the while loop and update its position and axis inside the loop,
as the spacecraft’s momentum changes. You need to know the approximate magnitude of the momentum in order to be able to scale the arrow to fit into the scene, so just before the loop, print
the momentum vector:
print ’p=’, pcraft
In the #CONSTANTS section of your program, add this scale factor
pscale = ??
Also insert the following statement in the #OBJECTS section of your program, NOT
inside the loop, because that would create a very large number of arrows:
parr = arrow(color=color.green)
This statement creates an arrow object with default pos and axis attributes.
2
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• Comment out any print statements that are inside your loop, because they slow
the program down.
• Inside your loop, update the pos attribute of the parr arrow object to be at
the center of the spacecraft, and on a separate line update its axis attribute to
represent the current vector value of the momentum of the spacecraft (multiplied
by pscale).
parr.pos = ?
parr.axis = ?
• You may have to adjust the scale factor once you have seen the full orbit.

5

Answer questions about changes in the spacecraft’s momentum
• For this elliptical orbit, what is the direction of the spacecraft’s momentum vector?
Tangential? Radial? Something else?
• What happens to the momentum as the spacecraft moves away from the Earth?
• As it moves toward the Earth?
• Why? Explain these changes in momentum in terms of the Momentum Principle.
• Compare your answers to those of another group.

6

Answer questions about the effect of initial velocity on the motion
• Approximately, what minimum initial speed is required so that the spacecraft
“escapes” and never comes back? You may have to zoom out to see whether the
spacecraft shows signs of coming back. You may also have to extend the time in
the while statement.
• What initial speed is required to make a nearly circular orbit around the Earth?
You may wish to zoom out to examine the orbit more closely.
• Why does changing the initial velocity have an effect on the orbit?

7

Optional: Detecting a collision

If your spacecraft collides with the Earth, the program should stop. Add code similar to the following inside your loop (using the name you defined for the distance between the spacecraft and
the center of the Earth):
if rmag < Earth.radius:
break
This code tells VPython to get out of the loop if the spacecraft touches the Earth.
3
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8

Turn in your program to WebAssign

Make sure that everyone in the group agrees that the program is correct, is producing
an elliptical orbit, and is displaying at all times an arrow representing the momentum.
Check with a neighboring group.
The Recorder should turn in the program to WebAssign, and make sure everyone has a
copy of the program.
When you turn in a program to WebAssign, be sure to follow the instructions given there, which
may sometimes ask you to change some of the parameters in your program. The Recorder should
email copies to everyone before leaving the lab.

April 27, 2010
4

311

