\ Safety Considerations:

ATLANTA

Lesson Title Life Jacket Engineering (and Inverse Relationships)
Grade Band ‘ 8™ or 9" Grade Physical Science

Georgia Performance Standards:

S8P1. Students will examine the scientific view of the nature of matter.
d. Distinguish between physical and chemical properties of matter as physical (i.e., density, melting
point, boiling point) or chemical (i.e., reactivity, combustibility).

S8P3. Students will investigate relationship between force, mass, and the motion of objects.
b. Demonstrate the effect of balanced and unbalanced forces on an object in terms of gravity,
inertia, and friction.

SPS2. Students will explore the nature of matter, its classifications, and its system for naming
types of matter.
a. Calculate density when given a means to determine a substance’s mass and volume.

S8CS3. Students will have the computation and estimation skills necessary for analyzing data
and following scientific explanations.
f. Use ratios and proportions, including constant rates, in appropriate problems.

Wear safety goggles

Materials and Time Required:
This lesson can take one day or be extended to include several days (see extension activity)

(Per student group)

Graduated cylinder (plastic)

Plastic action figure (should sink)

Foam pool noodle (optional: assorted materials such as packing peanuts, bubble wrap)
Plastic containers

1-2 Oranges
At least one balance
Optional bamboo skewers

This material is created and submitted by individual authors as recommended lesson plans to incorporate
engineering design challenges and to review key science concepts. Any opinions, findings, and conclusions or
recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the
Atlanta Science Festival. For more info about the Atlanta Science Festival, visit http.//AtlantaScienceFestival.org




‘ Lesson Logistics:
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Design challenge to plan and construct a model life jacket for a plastic action figure that
will keep the figure floating face up using the smallest amount of material

Set up balance stations in the classroom.

Provide each group with a plastic container such as a clear plastic cup, 2 action figures
with bases removed, a graduated cylinder, an optional bamboo skewer (to push the
action figure into the graduated cylinder.

Hook: Show students an unpeeled orange. Would it sink it float? Ask them to make a
prediction. Add the orange to a container or water (it floats). Ask them to predict what
would happen if they peeled the orange and put the peeling and the unpeeled orange
into the water. (peeling floats and the orange sinks)




Design challenge to plan and construct a model life jacket for a plastic action figure that
will keep the figure floating face up

Constraints:

Action figure and life jacket must fit in the graduated cylinder
Action figure must float face up

You must use the materials available

Time limitations

Teacher Directions

1. Students should sketch a plan for a life jacket for the action figure that will keep
its face floating out of the water.

2. Teacher should approve student designs before construction of life jacket
begins.

3. Students should test the life jacket design.

4. Student should measure the mass and volume of the action figure without the
life jacket and calculate the density. Complete information in data table 1. Note:
D=M/V

5. Students should test the design by placing the jacketed action figure in a
container of water with its face down. Encourage students to take a photo or
make a sketch of the action figure in the water.

6. Compare the photos (or sketches) of those designs that met the challenge
criterion with those that do not. How do they differ?

7. Student should measure the mass and volume of the action figure with the life
jacket and calculate the density. Display class data and discuss results. Complete
information in data table 1. Note: D =M/V

8. Display student in data of the density before and after. Ask students to look for
patterns in the data. They should notice the change in mass is negligible (change
is usually less than 1 gm) while the change in volume is more significant (usually
3 or more ml). Based on the data, we see an inverse relationship between the
volume and density. As volume increases, density decreases. (Note: the
concept of inverse relationships is not introduced in mathematics until Advanced
Algebra which is usually taught in 11% grade)

9. Redesign the life jackets using less material. Complete density calculations and
compare the two life jackets. Again, the inverse relationship is apparent.
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Look at a picture of an infant life jacket. Compare this life jacket with your best design.
Explain what criteria and constraints you think the engineer had to consider in the
design of the infant’s life jacket.
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EXTENSION: Design an investigation to explore the density of fruits
Research the history of life jackets and current designs in life jackets.
* Boating Safety Resource Center:
http://www.uscgboating.org/safety/life_jacket wear wearing_your_life_jacket.
aspx
* Try Engineering Life Vest Challenge:

g http://www.tryengineering.org/lessons/lifevest.pdf

L * U.S. Army Corps of Engineers Life Jacket Policy Test:

5 http://www.uscg.mil/proceedings/articles/60 Nutt.pdf

" * Personal Floatation Device:
%o http://en.wikipedia.org/wiki/Personal_flotation device

8 * History of Life Preservers: http://traveltips.usatoday.com/history-life-
O

preservers-21951.html
* National Museum of American History: http://americanhistory.si.edu/

Design of the Future: what features do you think would make an ideal life jacket for the
future? What materials would use? What features would it have?

Documentation of Resources:

Adapted from: Moyer & Everett. (2011). Increase your V to lower your D. Everyday
Engineering. NSTA Press. The original activity and a copy of the book can be purchased at:
www.nsta.org




Life Jacket Engineering Challenge
Note: Students should wear safety glasses during this activity.

Engineering Design Challenge:

Plan and construct a model life jacket for a plastic action figure that will keep the figure floating
face up

Constraints:

. Action figure and life jacket must fit in the graduated cylinder
. Action figure must float face up
. You must use the materials available

Design 1: Draw a sketch of your design:

Data Table 1
Mass (g) Volume (mL) Density:
Mass/Volume (g/mL)
Without jacket
With jacket

Redesign: Same constraints, but using the smallest amount of material possible. Draw a sketch
of your design:

Data Table 2

Mass (g) Volume (mL) Density:
Mass/Volume (g/mL)

Original life jacket

Life jacket w/less material

Analysis
Look carefully at the two data charts and the class data. Look for patterns in your data. How

did the mass change as you test different versions of the action figure with and without life
jackets? What about the volume? Do you notice any patterns in the relationships between
mass, volume, and density?




