Unit:	
Lesson Title: Building the Head Eye Foot Protection Demo Box	
Estimated Time: 2 hours
Need: 	
Objectives: 
1. Students will be able to construct safety demo box using basic woodworking skills while following all pertinent safety procedures. 
Applied Academic Competencies: (for local cross-curricular documentation)
1. PST.04.03. Follow architectural and mechanical plans to construct, maintain, and/or repair AFNR structures. 
2. CCSS.ELA-LITERACY.RST.9-10.3. Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or performing technical tasks, attending to special cases or exceptions defined in the text.
Essential Equipment, Resources & Supplies:
Per Group
1. (1) 2” x 4” x 10’ board
2. (2) 2” x 4” x 8’ board
3. (1) 18” x 72” plexiglass sheet
4. (1) 24” section of 3” PVC
5. (2) 1” x 15” flat metal band
6. (1) 7/16” x 18” x 4’ OSB
7. ¾” machine screws
8. 2” deck screws
9. 1 ¼” drywall screws
10. (1) set of directions – attached at end of lesson
Whole class
1. Table saw
2. Circular saw
3. Drill
4. Laminate/Nonferrous Saw Blade
5. Jig Saw
6. 3” Hole Saw
Teaching Procedures:
Interest Approach:
1) Interest approach may be adjusted by instructor as desired. Any activity related to construction safety would be relevant for lesson focus. 
a) One option is to show the video under “supplemental resources” which demonstrates a drop safety test from 30ft. 
b) Another option is to group interest approach with presentation part of lesson to leave more time for actual construction. 
Presentation:
1) Using either a pre-built box or pictures for reference, provide student with an overview of the project and its components. 
Application:
1) Split class into groups of 3 or 4 depending on size of class and desired number of projects – each group will be creating one of the safety demo boxes. 
2) Hand out a set of instructions to each group (attached at end of lesson). 
3) Following the provided directions, each group will construct one of the safety demo boxes over the course of approximately 2-3 periods depending on equipment availability. 
a) Rotate throughout groups, assisting or clarifying directions as needed. 
4) Depending on the number of groups and equipment availability, instructor may want to start each group on a different component (one starts on the back, another on the box frame, another on plexiglass etc.) to prevent bottlenecking at a station. 
Evaluation:
1) Below are some possible evaluation options, although instructor should feel free to modify or substitute their own as desired. 
a) Use a rubric to grade each group’s finished product. 
b) [bookmark: _GoBack]Quick write (3-5 minutes) discussing areas of difficulty, improvement, strength etc. 
c) Have students develop a bill of materials (BOM) for the project.
d) Have students create an improved direction set. 
Suggested Supplemental Resources:
1) 3M Cushion-it! lesson plans
i) These may be used if no construction laboratory space is available. 
ii) 

2) https://www.youtube.com/watch?v=6wQKUDX7D94









Directions for Safety Demo Box Construction
Material Preparation
1. Rip one (1) 2” x 4” x 10’ board into two 1 ½” x 1 ½” x 10’ pieces
2. Cut one (1) 2” x 4” x 8’ board into two (2) 48” segments
3. Crosscut the 7/16” OSB into (1) 18” x 48” section
4. If PVC is not pre-cut, cut a 24” section of 3” PVC
5. Using the two ripped 10’ board sections, make the following series of crosscuts
a. Four (4) at 11” long
b. Two (2) at 18” long
c. Four (4) at 14 ½” long
d. Three (3) at 15” long
6. Cut the plexiglass sheet into three (3) 18” x 18” pieces and one (1) 18” x 15 7/8” piece.
a. Note: Use laminate/non-ferrous blade for cutting plexiglass
7. Cut two (2) pieces of scrap 2x4 into 12-18” lengths. 
Frame Assembly
1. Begin by assembling the back piece and supports using #8 x 1 ¼” exterior screws. Note – Holes should be predrilled to avoid cracking boards. 
a. Attach the two (2) 2” x 4” x 4’ pieces to the edges of the 18” x 4’ OSB so that the boards span the length of the OSB.
i. Using #8 x 1 ¼” exterior screws, place one screw in each board at center (24”), ¾” from the top, 4” from top and bottom, and 12” from top and bottom. All should be placed in the approximate center of the board.
b. Once this is complete, the 1 ½” x 1 ½” x 11” pieces can be mounted between the two 4’ 2x4’s. 
i. Attach one to the edge of the back, flush with the bottom.
ii. Measure and mark 15” from the top of the board and attach the next 11” piece so that the bottom is level with that mark. 
iii. Repeat with the remaining two boards, ending with the last board flush with the top of the back. 
iv. Attach each with a screw in the center (9”) and one each at approximately 3 ½” from the left and right edge of the plywood. 
2. With the back finished, begin assembling the box. Note – Holes should be predrilled to avoid cracking boards. 
a. Create a U-shaped frame by attaching one of the 18” pieces to two (2) of the      14 ½” pieces. The 14 ½” pieces should be flush the ends of the 18” piece. 
i. Attach by putting one 2” screw into the face of the 18” board at each end. 
ii. Repeat this process with remaining 18” and 14 ½” pieces.
b. Mount one of these pieces to the bottom of the back, ensuring the ends are flush. 
i. Use 1 ¼” screws through the plywood to attach frame.
c. Lay the project on its side and attach two (2) of the 15” pieces to the two corners of the bottom frame.
i. Predrill a hole through the bottom side of the 18” piece up into the 15” piece. Do this on both ends. 
ii. Then, toenail a 2” screw into each of the predrilled holes.
d. With project standing back upright, rest the other U-shaped piece on top of the 15” uprights and mount to the back of the board.
i. Be sure edges are flush and the top of the piece is exactly 18” from the bottom of the back on both sides.
1. Use 2” screws through the plywood to attach.  
ii. With that done, the piece may then be attached to the two uprights. 
1. Predrill a hole from the top side of the 18” piece into the upright on both ends. 
2. Toenail a 2” screw into the predrilled hole. 
e. Lastly, the final 15” piece needs to be attached to the back, even with the second back support. If done correctly, it should fit perfectly between the upper part of the box frame. 
i. Use three screws to fasten, one in the center (9”) and one 4 ½” from the left and right edges respectively. 
ii. Attach by sinking a 2” screw through the plywood and 11” support. 
[image: ]
3. With both the back and the frame complete, the pre-cut plexiglass can be attached to the outside of the box. Note – Again, holes should be predrilled to avoid cracking boards. 
a. Using ¾” screws, attach the 3 18” x 18” pieces to the left, front and right sides of the box. 
b. Use the following pattern: 
i. Attach one screw in the center of each side (9” from edge)
ii. 2 ½” from each corner, attach another screw
iii. In total there should be 12 screws in each of the three plexiglass faces. 
c. The last plexiglass piece will be attached to the top of the box.
i. Follow the same pattern as before, but don’t put a screw into the center of the edge closest to the back. 
[image: ]
Drop Mechanism Assembly
1. With a permanent marker, make a small cross in the center of the top plexiglass face.
a. Mark 9” in from the left side of the plexiglass and then mark 7 15/16” from the back edge of the plexiglass. 
2. Using a 3” bi-metal hole saw, drill a hole in the center of the cross created. 
3. Next, take the two scrap pieces of 2x4 (between 12 and 18” in length) and using the PVC as a guide, mark out a concave half circle (the idea is for the board to “cup” the PVC when cut out.  
a. Using a jigsaw and bandsaw, cut out the half circles. 
4. Before attaching anything, center the PVC pipe over the hole in the plexiglass.
a. The easiest way to do this is to look down the pipe from directly overhead, ensuring no plexiglass is on the inside of the pipe. 
5. With the PVC centered, measure from the back of the board to the nearest outside edge of the PVC. Measurement should be around 7 ½” to 8”.
a. Cut the scrap 2x4 (the one with the half circle) to this length, measuring from the base of the circle to the end of the board. 
6. Attach both boards to the box, one directly on top of the plexiglass, and the other one on top of the 11” support above. 
a. Attach using two 2” screws for each board, making sure to predrill each hole. 
7. Take the two 15” steel straps and bend them into a U shape around the PVC. 
a. Attach one side to the 2x4 with a ¾” screw.
b. Pull the other side tight and attach a ¾” screw 
c. Put one more screw in each side after this is done. 
d. Repeat with second strap. 
[image: ][image: ][image: ]








Grade: 
Career Pathway: 
Performance Indicator: 


1
Unit Title: Lesson number within Unit
	Head Eye Foot Protection Model BOM/Cut List
	Notes

	Description
	Dimensions
	Quantity
	Price
	Total
	Prices from HomeDepot.com

	Plexiglass Covers
	.093" x 3' x 6' Plexi
	1
	$107.97
	$107.97
	Enough material for 2 models

	 
	.093" x 18" x 18"
	3
	
	
	Italics are cut from bolded items

	 
	.093" x 18" x 15 7/8" 
	1
	
	
	 

	Box Frame
	2" x 4" x 10' 
	1
	$3.06
	$3.06
	 

	 
	2" x 2" x 18"
	2
	
	
	 

	 
	2" x 2" x 14 1/2" 
	4
	
	
	 

	 
	2" x 2" x 15"
	3
	
	
	 

	Back Supports
	2" x 2" x 11"
	4
	
	
	 

	Back Uprights
	2" x 4" x 8'
	1
	$2.56
	$2.56
	 

	 
	2" x 4" x 48"
	2
	
	
	 

	Back Plate
	7/16" x 4' x 8' OSB
	1
	$8.95
	$8.95
	Enough material for 5 models

	 
	7/16" x 18" x 48" OSB
	1
	
	
	 

	Fasteners
	#8 x 3/4" Self-Piercing Lath Screws
	1
	$5.96
	$5.96
	Price and quantity per 1lb box

	 
	2" Star Drive Deck Screws (9 ga)
	1
	$9.47
	$9.47
	Price and quantity per 1lb box

	 
	#8 x 1 1/4" Exterior Screw
	1
	$16.01
	$16.01
	Price and quantity per 1lb box

	Drop Mechanism
	3" x 2' PVC
	1
	$6.67
	$6.67
	 

	 
	20 ga 15" galvanized steel strap
	2
	$1.60
	$3.20
	 

	Supports for PVC
	2" x 4" x 8'
	1
	$2.56
	$2.56
	 

	Misc. Equipment
	3" Bi-Metal Hole Saw
	1
	$18.97
	$18.97
	

	 
	10" Laminate Saw Blade
	1
	$59.97
	$59.97
	

	Total
	 
	$245.35
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Cushion It!

Lesson Overview:

Collisions are a part of everyday life. Some are wanted (baseball and bat), some are unwanted (car crash), while
others are unavoidable (stubbing one’s toe). Thereisagreat deal of basic science involved with collisions and
in thislesson. Students will investigate some of this science as well as practice and develop their inquiry skills.

Learning Objectives:
Students will be able to:
e demonstrate the protection cushion wrap offers
e investigate different protection designs
e identify variablesthat affect the capacity of a sugar cube to survive acollision

Academic Standards:
Nationa Science Education Standards (SCES)
Abilities Necessary to Do Scientific Inquiry
e Design and conduct a scientific investigation
e Use appropriate tools and techniques to gather, analyze, and interpret data.
e Develop description, explanation, prediction, and models using evidence.

Physical Science
Transfer of Energy
e Energy isaproperty of many substances and is associated with heat, light, el ectricity,
mechanical motion, sound, nuclei, and the nature of achemical. Energy istransferred
in many ways.

Benchmarks for Science Literacy
e Scientific investigations usually involve the collection of relevant data, the use of
logical reasoning, and the application of imagination in devising hypotheses and
explanations to make sense of the collected data. 1B/M 1b*

e Energy can be transferred from one system to another (or from a systemto its
environment) in different ways: 1) thermally, when awarmer object isin contact with
acooler one; 2) mechanically, when two objects push or pull on each other over a
distance; 3) eectricaly, when an electrical source such as a battery or generator is
connected in a complete circuit to an electrical device; or 4) by el ectromagnetic
waves. 4E/M2*
A good scientist is a safe scientist. Do not conduct any experiment without adult supervision. ThIS content |s provided for informational purposes only;

Discovery Education and 3M assume no liability for your use of the information. 3M, O-Cel-O™, Post-it® and Scotch® are trademarks of 3M.
Published by Discovery Education. © 2010. All rights reserved
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o Energy appearsin different forms and can be transformed within a system. Motion
energy is associated with the speed of an object. Thermal energy is associated with
the temperature of an object. Gravitational energy is associated with the height of an
object above areference point. Elastic energy is associated with the stretching or
compressing of an elastic object. Chemical energy is associated with the composition
of asubstance. Electrical energy is associated with an electric current in acircuit.
Light energy is associated with the frequency of electromagnetic waves. 4E/M4*

Time Frame: This lesson requires three 45-minute sessions to complete. One session to engage students and
introduce the activity, a second for studentsto carry out their investigation, and a third to discuss and
summarize their findings. Optional activities are provided that could extend this with afourth session.

Background for the Teacher:

The study of collisionsis afundamental topic in science. Collisions are part of the broader physics domain of
mechanics = conservation laws - conservation of momentum —> collisions. Momentum is a useful construct
that is defined as the product of a particle’s mass times its velocity. A baseball moving through the air has a
given amount of momentum associated with it; the more massive the ball, the more momentum it has, and the
faster the ball istravelling, the more momentum it has. In addition to magnitude, momentum has a direction of
travel associated with it. Momentum in one direction is different than momentum in another direction. When the
batter hits the ball with a bat, the ball suddenly changes speed and direction and hence the momentum of the
ball suddenly changes. This sudden change in momentum is referred to as an impulse. Another common
example of an impulseisacar crash. The mass of the car and its occupants travelling at a given speed is
suddenly brought to a stop.

One way to reduce the damaging effects of alarge impulseisto either reduce the impact force (not swing the
bat as hard) or to extend the time or distance of the collision. In acar crash with the momentum at agiven
value, the way to reduce the effect of the collision is to extend the time of the collision by increasing the
distance over which the object suddenly comesto rest. Thisis how an airbag in acar cushions the effect of a
sudden collision. The use of an airbag extends the time it takes to stop a person’s body from its initial speed by
increasing the distance over which the collision occurs. A secondary safety feature airbags provide isto
distribute the large force of the impact over alarger surface area, reducing the maximum pressure on the body.

The generic term for any item or material that reduces the damaging effect of a sudden impulse is “‘cushioning
material.” Padding is a common material found in sports equipment, shipping supplies, and vehicle interiors. A
popular type of cushioning material used to protect delicate items during shipping is cushioning wrap, one of
the many products 3M™ makes for mailing, shipping, and storage.

A good scientist is a safe scientist. Do not conduct any experiment without adult supervision. This content is provided for informational purposes only;
Discovery Education and 3M assume no liability for your use of the information. 3M, O-Cel-O™, Post-it® and Scotch® are trademarks of 3M.
Published by Discovery Education. © 2010. All rights reserved.
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It would be useful for you to practice the steps the students will conduct in this activity before hand. See
number 3 under the “Explore” section of these lessons. See also Figures 1, 2, and 3 for graphical representations
of the materials and how they are used.

Note to editor: please convert the three photographs at the end of this document to figures, label appropriately
and insert herein the lesson plans.

Materials for the teacher:

blackboard or chart paper
paper towel tube

several sugar cubes

D-cell battery

Several trash cans for cleanup

Materials for each group of students:

Battery*

Paper towel tube (empty)

Supply of sugar cubes

Sheet of Scotch® Cushion Wrapor equival ent**
Writing paper, afew sheets

Scissors

Ruler (optional)

paper towels

notebook and pencil

*Y ou might provide standard (non-alkaline) batteries to some groups and alkaline type to other groups. Alkaline
batteries are noticeably heavier and will produce a greater impulse, and therefore more damage, than standard
batteries. Don’t let students know about this variable ahead of time.

** Thisinvestigation works best if the cushion wrap has small air bubbles, the size found in the 3AM™ Cushion
Wrap as opposed to large bubbles that are fun and easy to pop. Each group needs a sheet approximately 12” x
24” that they can cut it into smaller squares.

Classroom Activities;

Engage
1. Hand atennis ball to astudent and ask him or her to gently toss the ball to you. Once you’ve caught the

ball, ask students to tell you what’s happened to the energy that was in the moving ball now that you’ve
caught and stopped it from moving. This nature of the ensuing discussion will depend on students’

A good scientist is a safe scientist. Do not conduct any experiment without adult supervision. ThIS content |s provided for informational purposes only;

Discovery Education and 3M assume no liability for your use of the information. 3M, O-Cel-O™, Post-it® and Scotch® are trademarks of 3M.

Published by Discovery Education. © 2010. All rights reserved
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understanding of force, motion, energy, and other mechanical-related science concepts. Note the nature
of their replies so you can tailor the lesson to an appropriate level.

2. Asthediscussion progresses, suggest to students that they think of the tennis ball as a car with people
inside and your hand as atree or similar solid immovable object that stops the car/tennis ball suddenly.
Encourage students to draw comparisons between the two situations and look for their appreciation of
the sudden change in motion when a moving car hits a tree. If the concept of “air bag’ is brought up,
probe for understanding of how airbags help protect passengersin cars. Y ou could introduce the concept
of ‘momentum’ and ‘impulse’ and related concepts mentioned in the *‘Background for Teachers’ section
at this point if it seems appropriate for your students.

3. Display a section of cushion wrap and ask students what they know about materials like this. Relate their
ideas and comments to your earlier discussion about the role of air bagsin cars. Inquire as to what
experience students have had using cushion wrap, sometimes referred to as bubble wrap, a brand name.
Tell students that they are going to practice and develop their inquiry skills by conducting an
investigation into the protective properties of cushion wrap.

Explore
1. Writethe following prompt on the board: What is the most effective way to use cushion wrap to protect
asugar cube from a potentially damaging collision? Show students a sugar cube and a D-cell battery.
Ask if they think the battery could crush the sugar cube and proceed to do so by placing the sugar cube
on atable, desk, or other hard surface and hitting the sugar cube with the bottom of the battery. No need
to totally destroy the cube; use just enough force to crack it into several pieces.

2. To continue, hold the battery two centimeters above the sugar cube and ask students to predict what they
think will happen to the sugar cube when you simply drop the battery on the cube. After some brief
discussion, drop the battery; the cube should not shatter. Raise the battery to 5 cm then 10 cm and ask
for a prediction each time, but do not drop the battery either time. Bring out the section of cushion wrap
again and ask students if they think it could be used to prevent the cube from being crushed. Accept a
few responses without comment and tell students they are now going to work in groups to investigate
how best to protect a sugar cube from being crushed.

3. Explain to students that since there were differing predictions about crushing the sugar cube from
different heights, it would be best if every group dropped their battery from the same height. Briefly
discuss or review the importance of controlling variablesin an investigation and the need to vary only
the dependent variable — which in this case is going to be the method of protecting the sugar cube, not
the height of the battery drop. Show students a paper towel tube and demonstrate how to place the tube
over asugar cube, hold the battery at the top of the tube, and let the battery fall through the tube on to
the sugar cube. The tube visually reinforces for students that if each group does the drop this way, the
drop height will be standardized among all groups. Go ahead and demonstrate this so students can see

A good scientist is a safe scientist. Do not conduct any experiment without adult supervision. This content is provided for informational purposes only;
Discovery Education and 3M assume no liability for your use of the information. 3M, O-Cel-O™, Post-it® and Scotch® are trademarks of 3M.
Published by Discovery Education. © 2010. All rights reserved.
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that dropping the battery from this height does indeed crush an unprotected sugar cube. Also show the
sheet of cushion wrap and suggest that they can cut it into smaller pieces with scissors. Tell students
they can also use plain writing paper in their design if they like. (Y ou might find that some groups might
add alayer of writing paper between layers of cushion wrap for added protection.)

4. Optional side-concepts to include with this lesson:

e Defining operationaly. If you have time and want to have your students delve into a subtle but
important facet of scientific investigations, bring up the problem of just what do we mean when we
say the sugar cube was, or was not, destroyed or damaged in the collision with the battery. Is the
cube unharmed if just afew grains of sugar fall off but the cube still maintainsits cubical shape?
How big a piece of the cube needsto break off if we are to say the cube was not protected by the
cushion wrap? As you discuss this issue with your students, you will no doubt be able to apply
challenges like this to other situations. For example, how heavy is a backpack that is considered “too
heavy?” When does music become “too loud?” If you allow your students to go this route, you might
find some interesting debates occurring within groups about “did the cube survive this particular
collision?”

e Repeatedtrials. If you tried thistest yourself, you might have discovered that you got different
results when you repeated the same initial conditions. There isafair amount of variability isthis
design. Isasmall bubble directly over the center of a cube? Did the battery hit the layer of cushion
wrap at adlight angle? Was there aresidual grain of sugar from a previous trial under the new cube?
In order to minimize the effect of such hidden variables, it is customary to duplicate the same
conditions with several trials and look at the results statistically; that is average the resultsin this
case. Students could repeat each condition (e.g. one layer of cushion below the cube and two layers
above the cube, each separated by a piece of paper) three times and settle on the outcome that
occurred in two of the threetrials.

e Limited resources. You can add alevel of challenge to thisinvestigation if you require or force
limits on the amount of cushion wrap groups use in their protection designs. One way to do this
would be to assign a “cost” to a given amount of cushion wrap. For example, each square cm of
wrap could cost each team ten cents. Teams would be required to keep track of the cost of each
protection design and would try to keep costs down.

5. Now that students know the challenge and have seen the materials available to them, let them work in
groups to design a protection system before they receive the actual materials. This step does not need to
take long nor do the groups need to develop a written plan since this investigation relies somewhat on
trial and error. Once you feel the groups are ready, distribute the materials, assist as needed, and let the
testing begin. Y ou will find that the crushed sugar cubes and used pieces of cushion wrap make quite a
mess, so be prepared with a workable cleanup system.

A good scientist is a safe scientist. Do not conduct any experiment without adult supervision. This content is provided for informational purposes only;
Discovery Education and 3M assume no liability for your use of the information. 3M, O-Cel-O™, Post-it® and Scotch® are trademarks of 3M.
Published by Discovery Education. © 2010. All rights reserved.
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Explain

1. After the groups have gathered their data and cleaned up their materials, suggest that each group briefly
meet together to discuss their results and prepare a summary conclusion they can report to the whole
class.

2. Convene students together as a class to discuss and share individual group’s conclusions. How did they
answer the question? What were some of the issues with this particular design for the investigation?
How could it be improved? Is there away al the groups could graphically display a summary of the
results?

3. Thiswould be a good opportunity to review and discuss the role variables play in ascientific
investigation. As students suggest variables they discovered and recognized, list them on the board or
chart paper. Relevant variables for thisinvestigation could include the number of layers of wrap above
and below the sugar cube, adding paper between layers of wrap, small changes in the height of the drop
of the battery, did all groups have the same type/weight of battery, the surface on which the testing was
done (desk, floor, carpet), to name some of the more apparent.

Extend

1. You might want your students to modify this investigation by comparing different types of cushioning
material like foam, newspaper, cloth, etc. Tying this back to variablesis very appropriate and
reinforcing for students.

2. If students have not discovered that the surface on which they conducted their collision testswas a
significant variable in this investigation, this would be a good opportunity to extend this lesson. If the
surface “gives” at all, the sugar cube can withstand a greater impulse before being destroyed. The reason
this happens is because a surface that gives and is not asrigid allows the impul se to be spread out in
time and distance. Car manufactures make use of this principle by designing frames of carsto crumple
inacollision, allowing brief but potentially life-saving additional time for the occupants to decelerate
from the car’s speed down to no speed. Students could try this investigation on various surfaces:
cardboard, a hard floor, rugs, wood supported above the floor, etc.

3. You could engage students in a discussion about real-world applications of some of the science
principlesin thislesson. Why do people bend their knees when they jump off of a stool and land on a
hard surface? Why does it help when pounding anail into avertical board if someone pushes against the
board in the opposite direction? Why does a football player prefer to tackle alighter player rather than a
heavier player? Why are people generally safer in larger cars as opposed to smaller cars?

A good scientist is a safe scientist. Do not conduct any experiment without adult supervision. This content is provided for informational purposes only;
Discovery Education and 3M assume no liability for your use of the information. 3M, O-Cel-O™, Post-it® and Scotch® are trademarks of 3M.
Published by Discovery Education. © 2010. All rights reserved.
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Evauate
1. How does cushion wrap protect a sugar cube from a collision with a battery?
2. Which protection design provided the most protection and which provided the least protection for the
sugar cube?
3. What were some variables that seemed to affect the outcome of your investigation with the sugar cubes?

Home Connections:

Parent Background Information

The study of collisions is afundamental topic in science. Collisions are part of the broader physics domain of
mechanics = conservation laws = conservation of momentum -> collisions. Momentum is a useful construct
that is defined as the product of a particle’s mass times its velocity. A baseball moving through the air has a
given amount of momentum associated with it; the more massive the ball, the more momentum it has, and the
faster the ball is travelling, the more momentum it has. In addition to magnitude, momentum has a direction of
travel associated with it. Momentum in one direction is different than momentum in another direction. When the
batter hits the ball with a bat, the ball suddenly changes speed and direction and hence the momentum of the
ball suddenly changes. This sudden change in momentum is referred to as an impulse. Another common
example of an impulseisacar crash. The mass of the car and its occupants travelling at a given speed is
suddenly brought to a stop.

One way to reduce the damaging effects of alarge impulse isto either reduce the impact force (not swing the
bat as hard) or to extend the time or distance of the collision. In a car crash with the momentum at a given
value, the way to reduce the effect of the collision is to extend the time of the collision by increasing the
distance over which the object suddenly comesto rest. Thisis how an airbag in acar cushions the effect of a
sudden collision. The use of an airbag extends the time it takes to stop a person’s body from its initial speed by
increasing the distance over which the collision occurs. A secondary safety feature airbags provide isto
distribute the large force of the impact over alarger surface area, reducing the maximum pressure on the body.

The generic term for any item or material that reduces the damaging effect of a sudden impulse is ‘cushioning
material.” Padding is a common material found in sports equipment, shipping supplies, and vehicleinteriors. A
popular type of cushioning material used to protect delicate items during shipping is cushioning wrap, one of
the many products 3M™ makes for mailing, shipping, and storage.

Note to editor: Granted this is the same background material | used for teachers. If you fed thisistoo much
information, feel freeto cut or modify it.

A good scientist is a safe scientist. Do not conduct any experiment without adult supervision. This content is provided for informational purposes only;
Discovery Education and 3M assume no liability for your use of the information. 3M, O-Cel-O™, Post-it® and Scotch® are trademarks of 3M.
Published by Discovery Education. © 2010. All rights reserved.
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Activities to do with your child

1

Share: Your child could share the results and findings of the cushioning investigation he or she did at
school for thislesson.

Short investigation: The “give” of a surface has an effect on the response of an object colliding with that
surface. Use a ball (hard rubber or tennis work well) to test the “give” of various surfaces around the
house: wood floor, different types of rugs, concrete, etc.

Research: Y ou and child could use the Internet to research the science of collisions with these Web sites:
e Seatbelts
o0 http://hyperphysics.phy-astr.gsu.edu/hbase/seatb.html#ccl
e Truck Collisions
0 http://hyperphysics.phy-astr.gsu.edu/hbase/truckc.htmi#cl
e Airbags and Seatbelts
0 http://hyperphysics.phy-astr.gsu.edu/hbase/seath2. html#cc2
e The Effect of Collison Time
0 http://www.physi csclassroom.com/class/'momentum/U4l 1c.cfm#rebound

Activity: Use Scotch® Cushion Wrap to pad and protect an item you plan to ship using a package
delivery system.

Scoring Key for Evaluation

Cushion wrap seems to spread out the blow from the battery over abigger area and provide some extra
distance for the battery to slow down before it comesto arest.

Answerswill vary. The most damage to the sugar cube occurred when there was no cushion wrap
involved.

We found that these variables affected how the sugar cube survived the collisions. how much cushion
wrap we used, if the cushion wrap was on top of or below the sugar cube, if we separated the layers of
cushion wrap with paper or not, and the height we dropped the battery from (we lifted it way out of the
tube several times).

A good scientist is a safe scientist. Do not conduct any experiment without adult supervision. ThIS content |s provided for informational purposes only;

Discovery Education and 3M assume no liability for your use of the information. 3M, O-Cel-O™, Post-it® and Scotch® are trademarks of 3M.
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Figure 2
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Figure 3
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