Engineering

Introduction
Objective:
The primary goal of the week-long study in engineering is to teach the students what an engineer does and what types of engineers there are.  Engineering is basically building complex things using different materials.  They will have a better understanding of the variety of everyday objects that engineers are responsible for. 

Throughout the week, the kids will be building a spaghetti bridge that will hold a payload of marbles at the end of the week.  While building their bridges, they will learn about the “strong shapes” of engineering. They should understand what the structures are and what they look like. They should also be able to find examples of these structures in buildings in bridges, as well as use them in building on a small scale. 

There are many types of engineering including: aeronautical, agricultural, biological, chemical, civil, computer, electrical, environmental, industrial, material/manufacturing, mechanical, structural, and nuclear, just to name a few.  Each one of these should be presented and explained to the students at the start of the week so that they can begin to understand the diversity in the field of engineering.

Background:

Engineering is “the design and manufacture of complex products”. During this week the students will learn how to identify, create, and use simple shapes to make more complicated designs and structures. The “strong shapes” of engineering that the students will learn about can be divided into three main categories:

· Arches

· Cylinders

· Cones

· Triangles

· Diamonds

· Cross Member Support

· Tripods

· Pyramids

· Right Angles

· I-Beams

· Squares

· Cubes

Many of these, such as right angles and cylinders, take advantage of the crush strength of beams. A beam is much stronger when force is exerted downward while it is standing vertically. Other structures, such as tripods and triangles, use multiple angles of support to make it strong. An I-beam is strong because a beam is positioned perpendicular (at a right angle) to the direction of force in six different directions. A tripod supports itself by leaning against the two other beams. Each structure has specific advantages and uses. During this week the students will learn about them and be able to use the structures to maximize the strength of a small, complex structure. 

References:

Merriam-Webster Online Dictionary- http://www.m-w.com/cgi-bin/dictionary
http://www.madison.k12.wi.us/toki/teched/vtypes.htm
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Engineers and what they do

Before kids can “become engineers” for the week, they need to understand what an engineer is and what one does.  Unless a child has an engineer in the family, they generally think of an engineer as a person who drives a train!   It is important that kids understand that there are two definitions for the occupational title of engineer.
The definition of engineer as it pertains to trains:

· A person who runs or supervises an engine or an apparatus OR a designer or builder of engines.

As it pertains to building and manufacture:

· A person who is trained in or follows as a profession a branch of engineering.

Engineering is defined as:

· Profession devoted to designing, constructing, and operating the structures, machines, and other devices of industry and everyday life.

· The application of science and mathematics by which the properties of matter and the sources of energy in nature are made useful to people.  

· The design and manufacture of complex products.

A good simplified differentiation is:  

· One type of engineer works on engines, the other designs and builds things that are very complex.  

Types of Engineering:

Chemical Engineering: manufacturing, pharmaceuticals, pulp and paper, petrochemicals, food processing, specialty chemicals, microelectronics, electronic and advanced materials, polymers, biotechnology, and environmental health and safety industries.  They also produce “wonder drugs” (antibiotics at low price high volume), synthetic fibers, liquefied air, Catalytic converters, reformulated gasoline, fertilizers, and running shoes (or any rubber).  The chemical engineer must be familiar with both chemistry and mechanical engineering.
Civil Engineering:: Includes the design, planning, construction and maintenance of many different structures that service human needs.  Subdivisions are: transportation (roads, railroads); hydraulics (river control, irrigation, water supply, sewage systems); and structures (buildings, airports, bridges, tunnels, dams). Until the industrial revolution, civil and military engineering were the only two types of engineering.
Electrical Engineering: Encompasses all aspects of electricity from power engineering (see below) to the design, implementation, maintenance, and improvements all the electronics everyone uses everyday.  They also design and create new circuits for televisions, VCRs, and slot machines.  Subspecialties include computer engineering, microwave engineering, communications, and digital signal processing.  It is the specialty that has grown the most in the past decades.
Industrial Engineering: analyze and evaluate methods of production and point out ways to improve them. They decide how a company should assign its limited physical resources (equipment and labor) within the structure of existing physical constraints.  They are concerned with efficient production.  Also called management engineering.
Mechanical Engineering: concerned with imagining and implementing programs and devices that improve our world and our movement in it.  From tiny measuring instruments to huge aircraft carriers, power plants, engines and machines they are involved with the testing, design, construction, evaluating, distributing, marketing and operation of these devices.  
Subdivisions of engineering:

Of these main branches of engineering, many subdivisions exist.  Some examples of the subdivisions and specialties of engineering are:

Aeronautical Engineering: designs aircraft and missiles and directs the technical phases of their manufacture and operation.

Agricultural Engineering:
Bioengineering: designs hospital equipment, crash test dummies, artificial hips, artificial skins, and implantable drug delivery devices.

Biotechnology:  see engineering psychology
Coastal Engineering: near shore oceanography, marine geology, and civil engineering, often directed at combating erosion of coasts or providing navigational access.
Computer Engineering: coordinate the construction, maintenance, and future growth of a company’s computer systems. A type of electrical engineer.
Computer Software Engineering: applies the principles and techniques of computer science, engineering, and mathematical analysis to the design, development, testing, and evaluation of the software and systems that enable computers to perform their many applications.

Communications Engineering: A type of electrical engineering.
Construction Engineering: involves large infrastructure construction servicing, road works, mining and energy infrastructure, residential subdivision and bulk earthworks.
Engineering Physics

Engineering Psychology:  Also called ergonomics, human or human factors engineering and biotechnology.  It is the engineering science concerned with the physical and psychological relationship between machines and the people who use them.  The objective is to improve the efficiency of operation by taking different physical aspects of the operator into consideration.

Ergonomics: see engineering psychology
Environmental Engineering:
Genetic Engineering:

Geological Engineering:
Human or Human Factors Engineering: see engineering psychology
Management Engineering: another name for industrial engineering.
Manufacturing Engineering: A type of mineral engineering.

Marine Engineering: 

Metallurgical Engineering: A type of mineral engineering.
Microwave Engineering: A type of electrical engineering.
Military Engineering: not a subdivision commonly used today, but traditionally they built fortifications, catapults, and cannons.   Until the industrial revolution, military and civil  engineering were the only two types of engineering.

Mineral Engineering: includes mining, metallurgical, and petroleum engineering, which are concerned with extracting minerals from the ground and converting them to pure forms.

Mining Engineering: A type of mineral engineering.
Naval Architecture:

Nuclear Engineering:

Petroleum Engineering: A type of mineral engineering.
Sound Engineering:  a specialty involving the production and management of amplified sound.  

References:

Merriam-Webster Online Dictionary, http://www.m-w.com/cgi-bin/dictionary
The Columbia Encyclopedia. 6th Ed.  Columbia University Press. 2000.
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State Standards and Benchmarks

Oregon Standards for 3rd and 5th grade

Science- Scientific Inquiry

Oregon Common Curriculum Goal:

Formulate and express scientific questions or hypotheses to be investigated.

Benchmarks:

Grade 3: Make observations.  Based on these observations, ask questions or form hypotheses, which can be explored through simple investigations.

Grade 5:   Make observations.  Ask questions or form hypotheses based on those observations, which can be explored through scientific investigations.

Oregon Common Curriculum Goal:

Design safe and ethical scientific investigations to address questions or hypotheses.

Benchmarks:

Grade 3: Plan a simple investigation.

Grade 5: Design a simple scientific investigation to answer questions or test hypotheses.
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Vocabulary
· Acid
· Arch
· Balance
· Carbon
· Chemical
· Compromise 

· Cone
· Consistency
· Counter Balance
· Cross-Members
· Crush Strength
· Cylinder
· Device
· Diamonds
· Drag
· Engineer
· Engineering
· Force
· Gravity
· Knot
· Momentum 

· Neutralize
· Particulate Matter
· Propulsion
· Pyramids
· Right Angles
· Spiral
· Square 

· Surface Area
· Triangle
· Tripods
· Velocity
· Water Filtration
· Weight Distribution 
· Wind Resistance
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Balloon Propulsion
Grades K-5 (with variations)

Overview:

This is an engineering project requiring the students to solve the problem of how to move a balloon along a string into a target area.

Time: 45 minutes to build, 10 minutes to test
Materials:

For the class:

· Tape

· Paper clips

For each student:

· Balloon

· Straw

Teaching/demo materials:

· String

Setup:

Tie a string between two posts about 10 feet apart. Stretch it so that it does not sag in the middle. Leave one end tied loosely or clamped so that it can easily be taken on and off. Color a target area about 1.5 feet long near the other end of the string.

Background:
As air is released from a balloon, equal forces are created in opposite directions. When the air goes out in one direction, the opposite force causes the balloon to be propelled forward. This concept can be used to create a self-propelled vehicle that can travel along a string. The difficult part is creating a vehicle that is balanced so that it does not spin, and consistent so that it goes the same distance every time.

Activities/procedure:
Challenge the students to create something using a balloon and a piece of straw that can travel along the string and land as close to the target area as possible. They will all be tested once at the same, so they need to be able to consistently reach the target area. Provide each student with a straw and a balloon. Allow them to use any other supplies from the supply table. (They can use the same supplies as for the egg drop and the oobleck spaceships.) Make the string available so that they can test their vehicles and figure out how much air they need.

Once the building time is over, test the projects. Unclamp one end of the string and slide the straw onto it. A project is considered successful if it lands inside the target area. The students may have one or two chances.

Discussion:
· Talk about how propulsion works. Discuss Newton’s law of equal and opposite forces.

· How did the amount of air affect the distance the balloon traveled? (the more air, the further it traveled)

· Did the distance vary a lot? 

· How could you make it more consistent? (Blow up the balloon each time to a certain size.  Blow up the balloon inside of a container, so it was approximately the same each time. Weigh the balloon so that it has the same weight of air each time.)

· Was it important that the balloon was attached straight? (Yes- otherwise the propulsion was expelled on the wrong plane)

· Did that affect how consistent it was? (Yes.  The straighter the balloon, the more true it flew)

Vocabulary:
· Balance
· Consistency
· Force
· Propulsion
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Cup Pyramid Challenge
Grades K-5 (with variations)

Overview:

Students will use teamwork to build a pyramid out of cups without touching the cups.

Time: 45 Minutes
Materials:

For the class:

· Extra cups is needed for extra challenge

For each group of 5-6 students:

· 10 disposable cups

· 1 Lifting device consisting of:

· String or yarn

· 2-3 large rubber bands

Setup:

You must build “lifting devices” or each group.  Lay 2-3 large rubber bands on top of each other.  Then tie about 6 lengths of string or yarn (kids can hold yarn better) about 18 inches long evenly around the rubber bands. (see illustration)

[image: image3.png]



Background:
Many great engineering feats have been accomplished, but only because there were many people working together.   The Great Pyramids were built over the course of many years using much cooperation. This will give students a chance to build pyramids and use communication to complete an engineering project.

Activities/procedure:
Each group is going to try and make a pyramid of cups using only their lifting device.  Depending on the age and skill level of the group, you may or may not make the rule that you can not move the cups with your hands in any way.  For some groups, you may want to allow them to start off with being able to set the cups up right to begin with.

Start off by having the kids practice moving one cup around using their lifting device, picking it up as a group, moving it, and then setting it down.  They can “bump” the cups around with the string to help position the cups where they want them to be, but they can’t touch them.  Then challenge them to build progressively larger and larger pyramids, starting first with a three-cup base, advancing to a five-cup base.  Any more than this is VERY hard, but the occasional group may get to that point and require additional cups.  Other groups may struggle with building the smallest pyramids.  

The idea for this activity is that each group will be successful in different ways.  Some groups will work well together and get this done quickly, where other groups will be successful if they build the most simple pyramid.  It is important that the kids know that they need to find a level of success that works for their group.  Adults need to help them to feel successful no matter how successful their group was.

Discussion:
· How was your group successful? (Communication is key for this activity!)

· If you didn’t have 6 people, what did you do?  (Some people had to hold 2 strings.  It works best if all string are pulled at once to release.)

Vocabulary:

· Pyramid

· Device
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Egg Drop
Grades K-5 (with variations)

Overview:

Students create a structure or container that will keep an egg from breaking when dropped from the roof of a building.

Time: 2 hours to 1 day to build, 15-30 minutes to drop
Materials:

For the class (suggested materials):

· Plastic bags

· String

· Tape

· Scissors

· Hole punch

· Cardboard

· Straws

· Packing peanuts

· Shredded paper

· Any other inexpensive potential building materials

For each student:

· Raw egg

· Paper cup

Setup:

Organize building materials onto a table.

Background:
A raw egg will break if dropped from a distance higher than about two feet. Creating a container that will protect an egg from a fall off the top of the building is a challenge. 

There are two ways to keep the egg from breaking. The first way is by spreading out the moment of the force by using padding. If the egg is unprotected all the force will reach the shell of the egg and more or less the same time. Padding will compress so that the force is spread out over more space and a longer period of time. This may keep the shell from breaking.

The other way to keep the egg whole is to decrease the velocity of the egg when it reaches the ground. The momentum that the egg has when it reaches the ground is determined by the mass times the velocity. Since the mass is relatively constant, the only way to decrease momentum is by decreasing velocity. Using wind resistance to create drag is an effective way of preventing the egg from reaching its terminal velocity.

Activities/procedure:
Present the students with the challenge to create a structure that will allow an egg to survive being dropped from the roof of the building. The only limitation is that the egg must be inside of a paper cup. Anything else can be added inside, around, or on top of the cup. Give the students time to experiment and develop their structures. Allow them to use any materials on the supply table.

After the students have completed their projects, take the structures containing the eggs and drop them. Start from a first floor window. If the egg survives, take it up to the second story or the roof.

Discussion:
· Which egg drops worked the best? (answers will vary, focus on the ‘strong, sturdy structures)

· What protected the egg? (shock absorbers, parachutes to slow the fall, padding, etc)

· Did it help to slow the egg down? (Yes, in some instances)

· What were some ways to slow the egg down that worked? (parachutes, if the egg carrier wasn’t too heavy; others)

· Did parachutes work? (Sometimes, if the egg carrier wasn’t too heavy)

· Did the size of the parachute matter? (Yes)

· Talk about wind resistance and drag. The surface area and volume that the parachute can hold are important factors in how much the egg will slow down. It is also important not to add too much extra weight to the parachute.

Vocabulary:
· Drag
· Gravity
· Momentum 

· Velocity
· Wind resistance
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Marble Lifting
Grades K-5 (with variations)

Overview:

This activity requires students to work together in groups to solve a simple engineering problem.

Time: 20 minutes
Materials:

For the class:

· Plastic cups

· Marbles

· Toothpicks

· Rubber bands (thick)

· Straws

Setup:

In each cup, place one marble, two straws, two rubber bands, and two toothpicks. Make enough sets for the students to divide into groups of two or three.

Background:
Engineering often requires taking common objects and using them in different ways. An important piece of engineering is being able to see the uses of different objects that may not have been thought of before. This activity takes simple things and requires the students to think of different ways to use them to perform a specific task. At the end of a project, engineers often come together to discuss what they discovered. This activity lends itself well to that sort of discussion.  The two most common, and easiest, solutions to this challenge are using the toothpicks somewhat like chopsticks (this may take two people in order to pinch the marble) and slipping the rubber band around the marble and pulling it tight.

Activities/procedure:
Divide the students in to pairs or groups of three. Give each group one set of materials. The objective of the challenge is to get the marble into the cup without touching it and using only the materials provided. Students will need to work together and may need to combine or compromise ideas. If a group comes up with an idea that works, have them come up with a different method for doing the same thing. Also, if they used only one or two of the materials, have them try something with the other items.

Discussion:
· Hold a class discussion in the form of an engineering conference.

· Allow each group to share their ideas that did or did not work

· If they did not work, have them hypothesize what might have worked better.

· Did you need two people to make your idea work? (answers will vary)

· Did you combine ideas to create your final solution? (answers will vary)

· Talk about how these are all parts of engineering

· Engineers have to work in groups and share ideas.

Vocabulary:
· Compromise
· Conference
· Engineer
· Engineering 
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“Oobleck” Spaceship
Grades K-5 (with variations)

Overview:

Students must create an engineering structure that will allow a lead weight to float on top of a mixture of cornstarch and water.

Time: 40 minutes to build, 10 minutes to test
Materials:

For the class (suggested materials):

· Scissors

· Tape

· Cardboard

· Paper cups

· String

· Straws

· Any other inexpensive potential building materials

Teaching/demo materials:

· 3 boxes of cornstarch

· 2 cups of water

· Clear container (bottom area of about 1 sq. ft. or more)

· Lead weight

Setup:

Add about two cups of water to the clear container. Mix in cornstarch until the mixture becomes hard when pressure is exerted on it. Depending on the size of the container this may not be enough oobleck. The oobleck should cover the bottom 1-1.5 inches deep. The oobleck will dry out overnight, but it can be reconstituted with water and reused. The most common mistake is adding too much water. Do not pour the oobleck down the sink as it will clog the drain.

Set up a table of materials that the students can use. Make the container of oobleck available for the students to measure their spaceships.

Background:
Oobleck is created by combining corn starch and water. This mixture has very unique characteristics. If left to itself with minimal pressure exerted on it, it is a liquid. If pressure is applied (such as squeezing it), it becomes a solid. This change is a result of a small pressure difference that is enough for it to change states. There is also some static electricity created with movement that may contribute to the state change.

The idea of this activity is to prevent a weight from sinking into the oobleck. The oobleck is at such a consistency that the weight will be able to stay on top of it momentarily before sinking into it. The challenge is to create something that will distribute the weight evenly across a large enough surface that the weight will float on top.

Activities/procedure:
Challenge the students to create a spaceship that will be able to land a payload (the weight) on an oobleck planet. They may use any of the supplies on the table. (These can be the same supplies as for the egg drop.) The only limitation is that it must be able to fit inside the oobleck container.

Once the students have completed their projects, test them on the oobleck planet. Place them in carefully and watch to see if they sink or float.

Discussion:
· Which of the oobleck spaceships were the most effective? (Those that distributed the weigh evenly.)

· What allowed them to work? (A large base and surface area)

· Is it better to use lots of legs spread out or a large flat surface? (yes- more surface area)

· Why didn’t some of them work?

· Talk about spreading out the weight of the payload across a large surface

· Compare it to snowboards or snow shoes that allow people to walk on top of the snow.  Or a person walking on a frozen lake, compared to laying on their stomach.

· It is important that the weight is evenly distributed or else the surface will tilt, and it will sink.

Vocabulary:
· Force
· Surface area
· Weight distribution 
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Paper Towers
Grades K-5 (with variations)

Overview:

Students learn to compromise and combine ideas in order to build the tallest tower out of newspaper and tape.

Time: 20 minutes
Materials:

For the class:

· Newspaper

· Tape

Setup:

Separate enough newspaper to give each group one full page. Provide a tape dispenser for each group.

Background:
Engineers are required to work in groups to come up with creative solutions to problems. The group must often compromise and combine ideas to come up with something that works. Listening and working with others is an important part of this project.

This activity is also a way to introduce some of the strong structures of engineering. The most common shape used for this challenge is a cylinder or a cone. Both of these are strong engineering structures which are variations of the arch. Other strong structures that the students might utilize are the triangle and the square.

Activities/procedure:
Give each group some newspaper and a roll of tape. Tell them, as a group, to come up with a way to make the tallest freestanding structure possible, using only the supplies provided. Listening to others’ ideas and compromising are important skills for this activity. Allow time to make the structures. At the end of the time, measure the structures and find the tallest one.

In the past, the most successful designs have used very tightly rolled thick cylinders as well as different tripod designs for the base (a second grade group made a 14 foot tall tower using this method!).

Variations:  

· Challenge the students to build a tower that holds an object, such as a marble or a super ball.

· Challenge the students to build a tower incorporating a “mystery object” which can be just about anything, as long as it is light.  (Cheep plastic toys work well)

· For older groups, put a price on the building materials (i.e.- lengths of tape or sheets of newspaper) and assign each group a budget.  Make a challenge for a group to make the least expensive structure.

Discussion:
· Talk about what the group with the tallest structure did in order to make it tall and still able to stand. (Most likely this tower will be a cone, a pyramid, or some other variation of a cylinder.  A very thin yet thick cylinder works VERY well)

· How does the tallest structure look different from the others? (Answers will vary)

· What shapes did they use? (pyramids, cones, cylinders, etc.)

· Which other towers had good ideas? (All of them!!  Using basic engineering structures)

· What shapes made those towers strong and able to stand? (triangles, cones, other strong shapes)

· Introduce the strong structures of engineering and show how some of them were used in the different towers.

Vocabulary:
· Arch
· Civil engineering
· Cone
· Cylinder
· Square 

· Triangle
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Spaghetti Bridges
Grades K-5 (with variations)

Overview:

Students are given a long term engineering task of creating a strong bridge out of flimsy materials. They learn to use strong engineering structures in order to be successful.

Time: 1 hour to 3 days for building, 1-2 hours for breaking
Materials:

For the class:

· Uncooked spaghetti noodles

· Miniature marshmallows

· Plastic cups

· Marbles

Teaching/demo materials:

· Two tables of equal height

Setup:

Set the two tables either one half or a full spaghetti width apart, depending on the age of the students. It is much easier to make a bridge across only half the length of a piece of spaghetti rather than a full one. The students can use the tables to measure their bridges and make sure they will support their own weight. 

Background:
Bridges are structures designed by civil engineers. The engineers use certain simple shapes to create stronger and more complicated structures, such as bridges. Some bridges, like the one in Newport, use arches as their supports. Other bridges use triangles, tripods, or pyramids to hold them up. The Tower Bridge in London uses rectangles (as well as suspension arches) for support.

Using cross-members (x-shapes) between two parallel beams will create a strong platform for a bridge. Crush strength is the strength of a vertical beam experiencing downward force. Taking advantage of this will provide support underneath the bridge because a beam will withstand much more force positioned vertically (with downward force) than horizontally. Counter balancing, extending and weighting the bridge beyond the necessary span, will prevent it from bowing in the middle. Combining these concepts can lead to a sturdy bridge design.

Activities/procedure:
Set spaghetti and marshmallows at each of the tables for the groups to share. Each student can make his or her own bridge. The bridge must have a flat surface large enough to hold one of the plastic cups. Provide cups to the class during the building process so the students can measure it or build it into the structure. The object of the lesson is to get the students to use the strong engineering structures in their bridges. Suggest this to the class, then allow them free time to create their bridges. This can take anywhere from an hour or two to three class periods. Label the bridges with the students’ names before putting them away.

Once the class has finished building, or the provided time is spent, collect all the bridges. Take each bridge in turn and set it across the two tables. Place a cup on top of it and add marbles until the bridge breaks. Have the class count the marbles as they are places in the cup.

Discussion:
· Talk about the different structures of engineering and how they work.

· What structures did you use in your bridges? (triangles, squares, bundles, etc)

· How did they help support the bridge? (Helped spread out the weight.  Used the crush strength of the spagetti)

· What was the weak spot (where did it break)? (answers will vary)

· What could you do to support the weak spot better? (cross beam supports, more marshmallows, bundles, etc)

· Which designs worked the best and why? (Ones with lots of support and strong shapes. Those utilizing crush strength.)

Vocabulary:
· Civil engineering
· Counter balance
· Cross-members
· Crush strength
· Diamonds
· Pyramids
· Right angles
· Triangles
· Tripods
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Spirals & Knots
Grades K-5 (with variations)

Overview: Students learn how to become engineers by working together and solving problems.  In this activity, students groups will “tangle” themselves up, then learn how to work together to untangle themselves.  
Time: 20 minutes
Materials: 

none

Setup: 

none

Background:
Many times engineers are presented with a problem and then a group of them work to solve it.   It takes a lot of communication and teamwork to be able to solve complex problems.

Activities/procedure:
For both of these activities, students must start off from a circle.  For some groups, making a circle can be a challenge in itself.  Both activities involving moving around as a group while holding hands.  Establish a no “ow” rule.  If anyone says “ow”, everyone freezes immediately and solves the problem.  Explain to kids that as they are twisting around holding hands that they may pivot their grips without letting go of hands, so that they don’t twist off their neighbors arm!

Spirals- In this activity, student will coil into a spiral and then have to figure out how to uncoil without coming apart or hurting anyone. Have students form a circle and hold hands.  Break the circle at some point, making two ends. The student at one end will be the center of the spiral, and the other will be the leader of the group.  Let the center student know that their feet are now rooted to the ground and they can’t move.  Have the leader slowly lead the group around the center, winding up the spiral.  Make sure that people are not going to fast and that they are not winding up too tight.  Emphasize that you are working together.  After the group is wound up into a tight spiral, have the center student now become the leader and slowly crawl out from the spiral without letting go of hands.  The goal is to re-form the circle, without breaking hands and with no one saying “ow!”  Kids will figure this one out quickly, so it is great activity for them to feel great success!

Knots- This is a more challenging activity that may not work with very young kids without a lot of help.  Have kids stand in groups of about 8.  More or less becomes more difficult.  Have kids reach into the circle and grab two hands.  They can not be the two hands of the same person, and they can not be hands of the person standing next to you.  Once hands are connected, the group must untie the knot that they have created without letting go of hands!  The group must move slowly and carefully and communicate all of his or her moves so that no one gets hurt. The goal is to end in a circle, not necessarily facing the same direction. Note that it is possible to make an unsolvable knot, and it is possible to end with two smaller inter-linked circles.  You can do this a few times, make it a race between groups, or join in a larger group.  

Discussion:
How were these games like an engineer’s job? (A group of people have to work together to solve problems and make decisions)

Vocabulary:

· Spiral 

· Knot
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Water Filtration
Grades K-5 (with variations)

Overview:

Students will learn about the process of water filtration and have a chance to develop a filter and test how it works.

Time: 40 minutes
Materials:

For the class:

· Styrofoam cups

· Coffee filters

· Paper towels

· Baking soda

· Vinegar

· Oatmeal

· Cocoa powder

· Coffee grounds

· Litmus paper

Teaching/demo materials:

· Two liter plastic bottle

· Small stones

· Gravel

· Sand

· Coffee filters

· Oatmeal

· Cocoa powder

· Coffee grounds

Setup:

Put together a filter for a class demonstration using a two liter bottle. Cut off about three inches of the bottom of the bottle. Remove the cap. In the bottom of the container (over the part where the lid screws on) make several layers of coffee filters. On top of that, pour in a couple inches of sand. Add a layer about two inches thick of grave. On the top, place the small stones. This will create a filter going from large pores to smaller pours that can be used for removing particulate matter.

Mix up a “slop” using water, dry oatmeal, cocoa powder, and coffee grounds to use to demonstrate the gravel filter. Use the same slop for the class to filter, but add some vinegar so that there is a chemical that they need to remove. Each group will need about 1.5-2 cups of slop.

Background:
Gravel filters are the natural filters used in lakes and streams. They are also used underneath houses to prevent flooding. The order of the gravel layers allows it to first filter out the large particulate matter, and then filter out smaller particulate matter in the lower layers. This helps prevent clogging. In nature, passing the water through carbon helps to remove any chemicals. A common form of carbon (used in fish tanks) is charcoal.

Paper filters are similar to gravel filters. The water passes through the paper with the larger pores first and then the smaller pores to remove different sizes of particulate matter. In water treatment, chemicals are added to remove or make inert any harmful chemicals. When acid is present in the water a base can be used to neutralize it.

Activities/procedure:
Demonstrate the gravel filter to the class. Pour some “slop” into the top of the filter and let it drain into an empty bucket. Point out how slowly the water filters through compared to how fast it goes in. Show the class the difference just in the color of the water before and after it is filtered.

Divide the class into groups and let each group make their own filter. For each filter give the groups two Styrofoam cups. One should have holes in it, or else have the student leaders make holes in it for the group. Each group should get two coffee filters, two paper towels, baking soda, a cup of “slop”, and a strip of litmus paper. Create a filter inside the Styrofoam cup (with the holes) that can filter out the particulate matter. Try to lead the students to come up with the idea of putting the paper with the smallest holes in the bottom to prevent clogging. Make the water as clean as possible with only one pass through the filter.

Once the particulate matter has been filtered out, work to neutralize the acid. Vinegar and baking soda have a visible reaction, so it is possible to tell when the water is neutral because adding baking soda will not cause a reaction. Afterwards, test the water with litmus paper to see if it is neutral. Usually the water will be slightly alkaline from adding too much baking soda. This is not a problem, since the important part is that the students understand the concept of neutralization.

Discussion:
· Talk to the class about effective filtration methods

· The water should pass through increasingly smaller pores

· If the water goes through the smallest pores first, the large particulate matter will block it and the second layer will be useless because nothing got through the first layer.

Vocabulary:
· Acid
· Carbon
· Chemical
· Chemical engineering
· Neutralize
· Particulate matter
· Water filtration
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MORNING AFTERNOON
Introductions: Lesson 2:
Me, other helpers Paper Towers
(Name, schoal, etc)
Students
(Name, grade, etc)
Lesson 1:
Marble Liting
Welcome Lesson 4:
Spaghetti Bridges
Lesson 3:
Welcome Spaghetti Bridges (cort )
Lesson 5: Lesson 6:
Balloon Propulsion
(iftime)
Spaghetti Bridge (cot ) Tour of the Buiding
(itime)
Welcome Finish & Break Spaghetti Bridges
Lesson 7:
Egy Drop
Welcome Drop Eggs
Finish Egg Drop
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