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Welcome

Dear SOCK Recipient,

We would like to congratulate you and your chapter for taking part in the SPS Outreach Catalyst
Kit program. As the name implies, the SOCK is meant to be a catalyst for outreach by your
chapter - it's meant to give your chapter ideas and materials for beginning or expanding a physics
outreach program. We have put together this kit to help you along your way to outreach fun and
excitement during the year.

This manual includes step-by-step instructions for putting on an outreach event using what we
call “Adaptive Lesson Plans.” The lessons are primarily geared for middle school students.
However, we include suggestions for adjusting the complexity of the lessons for other audiences.
Key features of this manual include:

e Step-by-step lesson plans including,
0 Suggestions and alternate experiments for different audiences;
0 Ways to decompose lessons into individual demonstrations and experiments; and
o Time estimates for preparation and execution.

e Complete explanations of the construction, setup, and use of all equipment.

e Suggested topics for post-lesson discussion.

e Alist of additional resources.

Your SOCK also includes a resource CD that has supplemental information, as well as some
videos related to the activities.

The theme for the 2007 SOCK is motion and collisions. Our lessons cover a variety of practical
applications in these areas including seatbelt safety, rocket launching, and satellite orbits.

We encourage your chapter to experiment with the lessons and materials included in the SOCK.
Please note that these lessons are only a starting point and you are free to modify the activities
and worksheets - we hope that you find numerous uses for the SOCK within your chapter and
your community:.

SPS National and the 2007 Summer SPS SOCK interns thank you for taking part in this project.
Have fun! If you have any questions or comments please feel free to contact us.

Sincerely,
Justin Reeder Ryan Field
reederj@uwplatt.edu rmfield@gmail.com

For more information on the SOCK, visit www.spsnational.org/programs/socks.




2007 SOCK User’s Guide 3

History of the SOCK

The SPS Outreach Catalyst Kit (SOCK) program
began in 2001 as part of an outreach effort by the
national office of the Society of Physics Students
(SPS). The program aims to help SPS chapters reach
out to their local communities and stimulate interest in
physics.

The first SOCK was created by SPS intern Mark Lentz
(Northwestern State University) in 2001. The SOCK,
Rainbow Suite, sought to teach the properties of
rainbows. This started the legacy of light
demonstrations that have been present in every SOCK.

The 2002 SOCK was put together by SPS interns Lauren Glas (Rhodes College) and Jason
Tabeling (Virginia Tech). Dimensions in Physics explored geometry in a variety of settings.

The 2003 SOCK was constructed by SPS interns Stacey Sude (Northern Virginia Community
College) and Ashley Smith (McGill University). Spanning Space included the popular light
elements, and brought in the first large-scale experimental component with a nation-wide
cylinder dropping experiment.

The 2005 SOCK was a joint effort of the 2004 SPS interns Heather Lunn (University of
Wisconsin - River Falls) and Matthew Shanks (Rhodes College) and the 2005 SPS interns
Morgan Halfhill (Austin Peay State University) and Rebecca Keith (Drew University,). Entitled
The World Year of Physics 2005, it was part of the worldwide World Year of Physics celebration.
This sock added a new twist to the ever-popular light elements and included a special lesson to
commemorate Einstein’s 1905 discoveries with an experiment to measure the speed of light.

The 2006 SOCK was constructed by Katherine Zaunbrecher (University of Louisiana) and Jackie
Michalek (California University of Pennsylvania). Its theme centered on the effects of
temperature and it coincided with the Absolute Zero and the Conquest of Cold campaign.

This year’s SOCK was constructed around motion and collisions and has a variety of lessons in
these areas, including experiments featuring the ever popular Diet Coke and Mentos reaction.

The SOCK project is supported by the Society of Physics Students (SPS) and its associated
honor society, Sigma Pi Sigma. SPS is the professional society for physics students and their
mentors. It operates within the American Institute of Physics (AIP), an umbrella organization for
ten other professional societies.

For more information on SPS, please visit www.spsnational.org.
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Planning an Outreach Program

There are many different kinds of science outreach you can do within your local community;,
such as,

e Performing science shows or demonstrations for local schools,

e Holding workshops or demonstrations for youth clubs,

e Hosting a table during the visit day or open house at your school, and

e Participating in tutoring or mentoring programs.

If you would like to start a new outreach effort, you might consider following these steps.

1. Determine the amount of time you and your chapter are willing to commit to an outreach
event, and what type of event you would like to hold.

2. Find your audience. You might,
a. Contact your chapter’s advisor and other faculty members in your physics and
education departments to find out about existing outreach programs.
b. Contact the math, science, and technology teachers at local school districts and let
them know you are interested in putting on events for their students.
c. Contact local youth organizations such as the Boy/Girl Scouts of America, 4H,
YMCA, etc. to see if they have an interest in participating.

3. Schedule the event and get all the specifics - a contact person, the number of students
expected, their grade level, time constraints, and what the location is like (Can you go
outside? Is there equipment available for use?).

4. Research the topics and adapt the lesson plans in the SOCK for your event.
5. Practice explaining and demonstrating the concepts you intend to cover.
6. \erify that the logistics are ready the day before your event.

7. Do a post-evaluation of your outreach event to assess how things went and what could be
improved for future programs.

SPS’s primary goal for the SOCK is to encourage students to continue exploring the universe
around them. This kit is intended to provide chapters with ideas for physics projects and
demonstrations that they can do with members of their community.

As the name suggests, the kit is meant to serve as a catalyst, prodding your chapter to reach out
to local schools and community members. You may need to supplement the materials in this
SOCK in order to engage students effectively - for example, you might need multiple set-ups of
an experiment if you are working with a large group. Therefore, we have included information
on vendors (page 39) and instructions for constructing the pieces (page 35-38). Have fun!
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National Science Education Standards

If you talk to teachers about visiting their classrooms, you might be asked how your
demonstrations fit in with their science standards. While each state defines its own standards,
most are based on the National Science Education Standards, published in 1996 by the National
Academy of Sciences (http://www.nap.edu/catalog/4962.html#toc). These standards cover the
topics and skills that K-12 students should know at different stages of their education.

The general physical science content topics for each grade level are given below. Note that all
include references to concepts that are emphasized in the SOCK (motion and forces, light,
transfer of energy, etc.).

As a result of the activities in grades K-4, all students should develop an understanding of
*  Properties of objects and materials

*  Position and motion of objects

*  Light, heat, electricity, and magnetism

As a result of their activities in grades 5-8, all students should develop an understanding of
*  Properties and changes of properties in matter

*  Motions and forces

*  Transfer of energy

As a result of their activities in grades 9-12, all students should develop an understanding of
*  Structure of atoms

*  Structure and properties of matter

*  Motions and forces

*  Conservation of energy and increase in disorder

* Interactions of energy and matter

In addition, the standards require that students understand the process of science, are able to use
math to interpret results, graph data, communicate their results, etc. The hands-on activities in
the SOCK are designed to help students build these skills as well.
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SOCK Contents
Dynamics 0.5 L Diet Coke
Cart
Seat 1 Pack of Mentos
Attachment Mint Candies
Play-Doh 1 Propping Block H
Cookie Cutter 1 Starting Cap
Hot Wheels .
Radar Gun 1 Super Slingshot

w/ Batteries

Diffraction
Glasses
(25)

Supplemental
Worksheets

Resource CD

If any of these items are missing from your SOCK, please contact the SPS
National Office at sps@aip.org or (301) 209-3007.
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Lesson 1: Crash Test Smarties

In this activity students will explore motion and collisions through experiments involving a cart
traveling down a ramp. They will determine the relationship between the height of the ramp and
the maximum speed of the cart, and then explore how seatbelts work by assessing damage to
Play-Doh people riding in the cart under different seatbelt arrangements.

Objectives
e Students will be able to describe the relationship between the starting height and the
maximum speed of a cart traveling down a ramp.
e Students will be able to assess the amount of damage to a crash test dummy and draw
conclusions regarding the safety of different seatbelt arrangements.

Topics
e Conversion of potential energy to kinetic energy.
e Collisions and transfer of momentum.
e Seatbelt safety.

Materials
(Items in red are included with this kit.)
e Hot Wheels radar gun
Dynamics cart
Seat attachment
Play-Doh
Cookie cutter
Supplemental worksheet (optional)
Long board to use as a ramp (1” x 12” x 10" works well)
4 large boxes that can be used to adjust the height of the ramp
Heavy board (or nearby wall)
Small piece of wood or thick cardboard (see “Advanced Preparation”, step 3)
Graph paper (optional)

Advance Preparation
Estimated time: 2 hours

1. Connect the seat attachment to the cart, if it is not already attached.

2. Draw a line across the board you are using for the ramp, about one foot from
one end. This will be used to indicate where the board should rest on the top
box, which is important for consistency between trials. See Figure 2, A.

3. Attach the small piece of wood or cardboard to the back of the ramp, forming
a lip (Figure 2, B). This should be used to align the rear wheels of the _
dynamics cart before each run, helping it travel in a straight line. Figure 1 - Seat attachment on cart.
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Figure 2 — The ramp setup. A) Line used to align ramp with boxes. B) Wooden lip to align wheels of dynamics cart.

4. Draw two graphs on large sheets of paper. One graph should have “Hot Wheels speed” on the
y-axis and “Number of boxes” (or, for high school students, “Height of the ramp”) on the x-axis.
The other should be a three dataset bar graph with “Damage” on the y-axis and the “Trial” and
“Seat Position” on the x-axis.
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1 —_—
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Figure 3 — Graphs for collecting and displaying data.

5. If you can access the area where the activity will occur ahead of time, taking care of the
following items will make the activity run more smoothly.
e Clear a large open area for the ramp.

Set the ramp to a height of 1 box.

Set the Hot Wheels radar gun to “Hot Wheels Speed” and mph.

Flatten the Play-Doh to be used by students for cutting out crash test people.
Test the seatbelt straps for tightness.
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Conducting the Activity
Estimated time: 45 minutes

1. Introduce the topic

This activity explores the relationship between the height of a ramp and the highest speed that a
cart traveling down the ramp will reach. You might use the students’ previous experiences with
roller coasters and amusement parks as one way to highlight the concept. Another connection
can be made to riding a bicycle down a hill - the size of the hill affects the speed that the bicycle
will reach.

2. Explain how to use the Hot Wheels radar gun

If you point the gun at an object and hold down the trigger, the gun will continuously record the
speed of the object. When the trigger is released, the maximum speed of the object is displayed.
The students should keep the dial settings on “mph’ and the Hot Wheels logo. Note that the radar
gun measures speed in Hot Wheels mph, where the ratio of Hot Wheels mph to actual mph is
64:1.

3. Have students practice using the radar gun

Have a few students walk side-by-side at the same speed in the same direction, while another
student uses the radar gun to measure their speed, as shown in Figure 4. Have all of the students
try this until they are comfortable operating the radar gun.

Figure 4 - Hot Wheels radar gun demonstration.

4. Prepare for the speed vs. height experiment

Divide the students into pairs. Once the students have been divided into pairs, give each pair a
letter, A-D. This letter will determine where they start in the task rotation described below. If
there are more than four pairs, simply add a break period between two tasks for students to make
observations about the activity

This pair releases the cart from the top of the ramp and measures its maximum speed.
This pair records the outcome of the trial on the chart.

This pair adjusts the boxes before the next run.

This pair catches the cart to ensure that it does not hit the person holding the radar gun.

Cow>



