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PROGRAM DEVELOPMENT GRANT

1. Exeautive Summary: The Engineering Kits (or E-Kits) projea developed,
established dstribution, and tested use of aset of “engineeing exploration kits”
to be used in educationa outread in grades K-12. Thisisthe seand phase of
two pheses of funding for these kits. The first phase funded under DROO1
developed kitsfor grades 6 — 9. This second plase funded kitsfor gradesK — 5.
The kits are designed to be fun, “hands-on” activiti es that introduce students to
experimentation, hypothesis testing, data all ection, and analysis — critical
engineaing skill s. Thekits are priced for individual use so that each child gains
confidence from creating a product. Thisisespecially crucia for young grls.
The Pittsburgh Sedion d the Society of Women Engineers (SWE) in conjunction
with the locd student chapters of SWE and KidTed, Inc., a non-profit
educational suppat company whaose missonisinnovative science/math education
reform, ran the project.

2. Narr ative Description — The purpose of the projed isto develop, dstribute and
use aset of “engineering exploration kits’. The kits are designed to be fun,
hands-on adiviti es that demonstrate an engineering principle or engineering
methoddogy. The goal of the project isto use these kits to mitigate some of the
isaues that prevent girls (and oys) from understanding engineering and its
spedalty aress, thus preventing consideration  engineering as a caree choice
Theintent isfor the kits to be used by avariety of organizationsincluding
schods, day care centers, summer camps, scouts, 4H clubs, and, d course, SWE
members/seaions. Thekits are designed to be priced for individual use. This
allows ead young personto buld and take home something that helps them
develop self-estean and helps them to remember their experience. It aso helps
avoid gender isaues that may arise during agroup poject (i.e. the boys, or most
aggressve students take over the projed). The kits come with a manual that
includes kit assembly instructions, data @lledion and anaysisideas. The manual
also includes badkgroundinformation that relates the activity to an engineering
principle or application. The badkgroundinformationis designed to be sufficient
for any adult, na necessarily someone with atedhnical badground,to use with
students. Thekitsin this projed were developed for gradesK - 5 bu may be used
for other ages with adjustments.

The first phase of the project was the second “Kits for Kids Contest”
which was held in the fall of 1999. The competition was open to all studentsin
eight universities within Region G. The participating universities were:  the
University of Pittsburgh, Carnegie Mellon University, West Virginia University,
the Pennsylvania State University, the University of Kentucky, the University of
Akron, the University of Louisvill e, and Case Western Reserve University. The
competition was annourced in September 1999 and the kit entries were oll ected
at the Region G Conference held at West Virginia University on November 12,
1999. The SWE student sedions at ead o the universities coordinated the
contest efforts. Flyers were posted at each o the universities advertising a $100



prize for the top five overal kit entries. All university students were welcome to
participate. Contest guidelines were available & the SWE student sedion dfices.
As in the first Kits for Kids Contest, the final number of entries was gnall with
only six entries being received at the mnference. A message was sent out to all
participating universities to seeif there was any further interest in the mntest and
since nore was noted, the initial six entries were the only ones recaved. Since
the intent was to iswue five avards and there were only six entries, a decision was
made to reward al of the students who participated for their efforts and six
awards of $100wereisued. The winning entries were;
A chemistry/chemical engineering kit by Holly Brosnahan from the Carnegie
Méelon University. This kit explores poymers by using gelatin to form
gumdrops.
An eedricity/electricd engineeaing kit by Reena Singhal from the Carnegie
Méelon University. Thiskit explores gatic dedricity by first doing the dassc
“Bad Hair Day” balloonand hair activity and then by continuing to make an
eledroscope - an instrument used to measure and detect static dectricity or
eledric dharges.
A civil engineeing kit by Ryan Kellogg from Carnegie Mellon University.
This kit explores balance using pennies, pencils, and a 12-inch ruler. The
manual ties this to the concept of forces and torque and further explains that
these concepts must be wnsidered by a avil engineer when designing a bridge
or building so that it will suppat itself and nd fall down.
An induwstria engineeaing kit by Kenn Oldham from the Carnegie Mellon
University. This kit explores industrial engineaing through the process of
making amold of atoy car. The manual explains that every man-made objed
starts out from simple materials. People diange these simple materials into
objeds that they need and induwstrial engineers work to crede and improve
these methods. It explains that one way to creae amaterial into a shape that
you want is molding. This kit uses clay, plaster of paris, atoy ca, a ap, a
spoon,water, wax paper, and the option d cooking spray.
An eedrica engineering kit by Anthony Ros<tti from the West Virginia
University. In this kit a simple DC eledric motor is constructed from wire,
paper clips and a D-size battery.
A chemicd engineeing kit by Kush Tyagi and Hemant Bhanoofrom the
Carnegie Mdlon University. This kit explores combustion with the dassc
demonstration d sucking a hard-boil ed egg into a battle.

The plan was to produce 100 copies of the four kits developed urder DRO0O1 and
100copies of the four new kits developed under this new grant, DR0O55. This
would allow production and dstribution d 800 kts. Asin DR001, ore of the
four kits chosen for development under DRO55 hed productionissues. The “Bad
Hair Day” kit did nd give cnsistent results © after aninitial run by KidTed,
Inc., the company that produced the kits, we did na further develop that kit. The
final result was $x fully developed kits. the Big Bridge kit, the Eledromagnetic
kit, the Mold A Car kit, the Kegy Your Balancekit, the Gelatin Gumdrop kit, and
the Pen Panic kit (which was the only one of the six developed as a dassoom



kit). The next challenge wasto distribute prototype kits. This continued to be a
big challenge asit wason DROO1. The dallenge wasto get enough interest to
use alarge number of kits but not so much that the grant money was quickly
depleted and pdential users were disappanted. So far, the interest of individual
SWE members had na creaed enough vdume. Finally, judicious contads were
made & five local schods (two parochial, one Christian, ore pulic dternative,
and ore private) that got the kitsinto classooms from kindergarten to 12" grade.
In 2001, wing the remnants of the DRO01 kits and the DR0O55 kts, we distributed
over 1153individual kits and 26classoom kits. The aurrent kit costs and number
of kits produced for DRO55 can be foundin the budget section d this report.

. Measured results - Verbal feedbadk from all adults and SWE member who have

see the kits has been overwhelmingly positive. We expeded to reach abou 800
students but have reached more than that by at least 150 students (not including
the dasgoom kits). We were unable to survey students diredly (espedally in the
schod environment) as originally planned because it became aprivacy isue
which the schod s were unwilli ng to circumvent. Surveys were sent out to every
teader or enginee that requested kits. These surveys requested feadbadk onthe
quality of the kits, the quality of the instructions, and the amourt of time used in
preparation and resenting. Not all were returned bu overall the responses were
pasitive. A coupe of spedfic comments were made relative to the kits and/or
instructions that have been incorporated as appropriate.

. Publicity or other public attention - There was no pubicity speaficaly related
to the kits.

. Description of deliverables— The deliverables are designs for three egineeing
kits: the Gelatin Gumdrop kit, the Keep Y our Balance kit, and the Mold A Car
kit. Thekitsinclude materiasfor one dild to perform the adivity, ateacher’s
manual, and, if required, a separate student’s manual or worksheds. Thekits
purchased as part of this grant have been produced and dstributed as prototypes
with feadback being used for kit improvements.

. Lesonslearned — The projed has extended for alonger period d time than
originaly expeded. This has been a cmmbination d many things. First, the
response to our contest was lessthan expeded so we gave the students me extra
time. Seoond,KidTed was a start-up company as this project was beginning and
production d large numbers of kits was dower than expeded. Then, a series of
eventsin thelife of the Project Manager (starting graduate schod, quitting her
job, having atwo seriousill nesses in the family within a year) have provided
continual distradions. If doing thistype of project again, it would be wiseto have
abadk up Project Manager who would be &le to commit to carry onwith the
projed.



7. Budget and Actuals—

The anourt of the grant was $5500.00and the budget, propcsed and actud, is
shown below:

Expense Proposed Cost Actual Cost
Contest Awards 5 awards at $100ead: 6 awards at $100ead:
$500.00 $600.00
Kit Costs 100setsof 8 kitsat $5per | 945individual kits & 20
kit classroom kits at various
prices (see table below)
$3292.85
$4000.00
Misc. (copying, shipping) $1000.00] Included in above kit costs
Total Expenses $5500.00 $3892.85

Detall sonthe st of the kits and the number of eadh type of kit produced are
shown below:

Cost per
Kit #

Kit (Current) | Produced

Big Bridge $4.90 225
Eledromagnetism $4.20 150
Pen Panic * $14.00 20
Mold A Car $2.00 175
Gelatin Gumdrop $1.70 230
Keep Your Balance $1.50 150
Bad Hair Day** $4.00 15

*The Pen Panic kit covers a dassof 30. All other kits are individua kits.
** The Bad Hair Day kit is currently not being produced.

Note: The st of the kits has changed over the murse of the project. The st
listed abowve isthe aurrent price



SWE Kits for Kids

Don’t Lose Your
Balance!

Contains: (2) Octagonal Pencils
(1) Rdl of Translucent Tape
(2) 12" Wooden Ruler
(25) Pennies

Designer: Ryan Kel ogg
arnegie Mel on Univers ity

Kit Development Supportedb y Exx onMobil Foundation
2001 © Society of Women Engineers and KidTech | nc.




SWEKtsfo r Kids

Don’'t Lose Y our
Balan ce

CivilE ngin eering Kit

Teacher’s Munual

Kit Desi gner: RyanKellogg
CarnegieMe lIlonUniversityS tudent
1999- 2000

Develop ed withfu ndi ng byt he ExxonMadbil Fo undation

O 2000 KidT echIn c. and Soci ety of W omen Eng i neers




Don’t Lose Your Balance!

Materials —

2 Pencils

25 pennies

1 12-inch ruler

1 roll of transparent tape

Assembly —

Place the two pencils next to each other on the desk so that they do not roll.
Tape the pencils together so that they lay flat on the desk.

Place the pennies into stacks of five pennies each. There should be five stacks.
Wrap tape around each stack of pennies so that the stack stays together.

Hold the ruler so that the 1-inch mark is on your left. Place the ruler across the
pencils so that each side of the ruler does not touch the table. The 6-inch mark
should be directly over the crease between the two pencils for the remainder of
the experiment.

arwDdPE

Trials —
For the following trials make all measurements to the closest inch.

Trial 1;

Take two stacks of pennies. Place one stack at the 1-inch mark. At what inch mark do
you place the other stack so that the ruler does not touch the desk?

How many inches from the crease between the pencils is each stack of pennies?
Write your results in the table below:

Number of Stacks Inches from Pencils
Left Side 1
Right Side 1

Trial 2;

Move the stack on the left from the 1-inch mark to the 3-inch mark. Where do you move
the other stack so that the ruler does not touch the desk?

How many inches from the crease between the pencils is each stack of pennies?
Write you results in the table on the next page::

O2000KidTed Inc. and the Society of Women Engineers



Number of Stacks

Inches from Pencils

Left Side

1

Right Side

Trial 3:

Now place two stacks of pennies at the 4-inch mark. It may be helpful to tape the two
stacks together. Take another stack of pennies. Where on the right do you place this
stack so that the ruler does not touch the desk?

How many inches from the crease between the pencils is each group of pennies?
Write your results in the table below:

Number of Stacks

Inches from Pencils

Left Side

2

Right Side

Trial 4:

Move the group of two stacks of pennies to the 5-inch mark. Where do you place the
single stack to keep the ruler from touching the desk?

How many inches from the crease between the pencils is each group of pennies?
Write your results in the table below:

Number of Stacks

Inches from Pencils

Left Side

2

Right Side

Trial 5;

1

Now place three stacks of pennies at the 5-inch mark. It may be helpful to tape the three
stacks together. Where do you move the single stack so that the ruler does not touch

the desk?

How many inches from the crease between the pencils is each stack of pennies?
Write your results in the table on the next page:

O2000KidTed Inc. and the Society of Women Engineers




Number of Stacks Inches from Pencils

Left Side 3

Right Side 1

Trial 6:

Place four stacks of pennies at the 5-inch mark. It may be helpful to tape the four stacks
together. Where do you have to move the single stack to so that the ruler does not
touch the desk?

How many inches from the crease between the pencils is each stack of pennies?
Write your results in the table below:

Number of Stacks Inches from Pencils
Left Side 4
Right Side 1

Analysis:

Summarize the results of all the previous trials in the “Distance from Pencils” column of
the chart below.

Number of | Distance Number of Stacks multiplied by
Stacks from Distance from Pencils
Pencils
Trial 1: Left 1
Right 1
Trial 2: Left 1
Right 1
Trial 3: Left 2
Right 1
Trial 4: Left 2
Right 1
Trial 5: Left 3
Right 1
Trial 6: Left 4
Right 1

For each row, multiply the number of stacks by the distance from the pencils and write
this result into the last column.

O2000KidTed Inc. and the Society of Women Engineers



For each trial, compare the number in the last column for the left side and for the right
side. What can you say about the number for each trial?

Conclusions —

The number in the last column is called Torque. Torque causes an object to turn about
its center. Placing the pennies on the left side of the ruler makes the ruler want to turn
counter-clockwise. Placing pennies on the right side of the ruler makes the ruler want to
turn clockwise. If the ruler wants to turn clockwise by the same amount that it wants to
turn counter-clockwise, then the ruler does not turn at all. This is why the ruler does not
move when the torque on the left and on the right is the same.

If one side of the ruler has more weight on it than the other, and the weights are the
same distance away from the center, then the ruler will turn because the torque on each
side is not equal. This is what happens on a seesaw. If you get on a seesaw with an
adult, the balance beam goes down of the side of the adult. This is because both you
and the adult are the same distance from the center but the adult weights more than
you. This means that the torque caused by you is less than the torque caused by the
adult.

A person who is a Civil Engineer figures out how to build bridges and buildings so that
they will support themselves and not fall down. Have you ever seen a building or bridge
that was being built? You will see that they are made of many metal or wooden beams.
A Civil Engineer has to figure out how to put the beams together so that they do not
make each other turn. He or she must be sure that all of the torque pushing on each
beam is balanced by another torque pushing it in the opposite direction. If a Civil
Engineer does not do this, then pieces of the building would turn and cause the building
to collapse.

For more information on engineering, check out these websites:
- http://www.swe.org Provides information, activities and links on engineering.

Under programs click on Career Guidance or Cool Stuff.
http://www.eweek.org Provides links to many specific engineering organizations.
http://www.engineerqirl.org Talks about careers, education, different fields of
engineering and provides some good links.
http://www.discoverengineering.org Provides information, games, activities,
answers to Frequently Asked Questions and links. Designed for students.
http://www.engineeringsights.org "A Sightseer's Guide to Engineering"
It's a tour of interesting engineering sites for a wide variety of disciplines in every
state. You can search against a specific type of engineering. It contains a brief
description of the "site", facts, links to web sites, etc.

O2000KidTed Inc. and the Society of Women Engineers



Don’t Lose Your Balance Kit

Materials List and Kit Assembly Suggestions

Item

12-inch wooden ruler
Pencils

Roll of translucent tape
Pennies

String/twist tie roll
Plastic snack bag

ZipLock bag (quart)
Or equivalent

Gelatin Gumdrop Kit label

SWE Kits for Kids Label

Quantity per Kit

1

1

1

2

1

25

Purchased from:

Walmart, Dollar Tree (dollar stores)
Walmart, dollar stores

Walmart, dollar stores

Grocery store, Walmart

Grocery store/club, dollar stores
Buy in bulk at Sam’s Club
Quantity per box varies from

20 to 75 (depending on packaging)
Cost per bag ~ $.10.

See file provided

See file provided

Kit aseembly: Place label and SWE insert into the quart size storage bag. Placethe penniesinto
the snadk bag and insert into the quart size storage bag. The pencil s and tape shoud also be
placed into the quart size storage bag. Usually the wooden rulers have hales in them (so that
they can be placed into a 3-ring binder). Using a hand-purch, purch ahade into the upper right
hand corner of the quart size storage bag and tie the ruler to the bag with string or twist ties.

Note: Thetapeis used to tape together penniesto crede acolumn that is placeal onthe ruler.
With younger children it may be eaier to placethe penniesin afilm canister. Film canisters can
usually be obtained freeof charge from any locd film processng fadlity or phaographer.



SWEKtsfo r Kids

Don’'t Lose Y our
Balan ce

CivilE ngin eering Kit

Student Wbr ksheet s

Kit Desi gner: RyanKellogg
CarnegieMe lIlonUniversityS tudent
1999- 2000

Develop ed withfu ndi ng byt he ExxonMadbil Fo undation
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Name:

Date:
Don’'t Lose Your Balance Data Sheet
Trial 1 -
Number of Stacks Inches from Pencils
Left Side 1
Right Side 1
Trial 2 —
Number of Stacks Inches from Pencils
Left Side 1
Right Side 1
Trial 3 —
Number of Stacks Inches from Pencils
Left Side 2
Right Side 1
Trial 4 —
Number of Stacks Inches from Pencils
Left Side 2
Right Side 1

O 2000 KidTed Inc. and the Society of Women Engineea's




Don't Lose Your Balance Data Sheet (cont’d)

Trial 5 —
Number of Stacks Inches from Pencils
Left Side 3
Right Side 1
Trial 6 —
Number of Stacks Inches from Pencils
Left Side 4
Right Side 1

O 2000 KidTed Inc. and the Society of Women Engineea's



Name:

Date:

Don’t Lose Your Balance Analysis

Summarize the results of all the previous trials in the “Distance from Pencils”
column of the chart below.

Number of | Distance Number of Stacks multiplied
Stacks from by Distance from Pencils
Pencils
Trial 1: Left 1
Right 1
Trial 2: Left 1
Right 1
Trial 3: Left 2
Right 1
Trial 4: Left 2
Right 1
Trial 5: Left 3
Right 1
Trial 6: Left 4
Right 1

For each row, multiply the number of stacks by the distance from the pencils and
write this result into the last column.

For each trial, compare the number in the last column for the left side and for the
right side. What can you say about the number for each trial?

O 2000 KidTed Inc. and the Society of Women Engineea's




SWE Kits for Kids

Big Bridge Kit

Contains: 55 colored sticks, 7 thin
sticks, 14 plastic spacers, 8 rubber bands

Designer: Joey Lenze
ivil Engineering Student
Penn State Univers ity

rs‘ ;
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Kit Development Supportedb y Exx onMobil Foundation
2001 © Society of Women Engineers and KidTech I nc.




Big Bridge Kit — Materials List and Kit Assembly Suggestions

Item Quantity per Kit Purchased from:
Colored Sticks 55 Craft stores, such as Ben Franklin
(tongue depressor size) or JoAnne Fabrics; 80 sticks per

package; $1.99 per package

NOTE: THESE COLORED

STICKS MUST BE DRILLED

WITH TWO HOLES PRIOR

TO “BAGGING” FOR THE

Big Bridge Kit (see instructions
below).

Thin sticks 7 Fisher Scientific; Plain Wood
Applicators. Catalog #01-340
Box of 70 Dozen (864 sticks);
$11.62 per box
Fisher Scientific: www.fishersci.com

Plastic spacers 14 Basic drinking straws; buy in bulk
(drinking straw Sam'’s Club; box of 3000 for ~$10.00
cut to length of 2.25”)

Rubber bands 8 Buy in bulk (1 pound bag) at
Office Max or Office Depot;
size 33 or smaller; $2.60 per bag

Label 1 Use printed label or similar;
Big Bridge labels sized to fit two
labels per 8%2" x 11" paper

ZipLock bag (quart) 1 Buy in bulk at Sam’s Club
Quantity per box varies from
20 to 75 (depending on packaging)
Big Bridge Kit Label 1 See file provided
SWE Kit Insert 1 See file provided

Pre-assembly instructions: Prior to assembling the kits the tongue-depressor size
colored sticks must have two holes drilled in them. Each stick is approximately 6.0
inches long. One hole must be drilled in each end. The distance between hole centers
is critical and should be 4.75”. Each hole should be 0.125 +/- .01 inches in diameter.
Holes should be located symmetrically on the stick. Note: Some breakage is to be
expected during the drilling process; allow for at least 15% breakage. The plastic straws
should also be cut to lengths of 1.5 inches. Typically straws are about 7 inches long.

Page 1 of 2



Assembly instructions: Once the sticks have been drilled and the straws cut to length
assembly is straightforward. Place the Big Bridge Kit label and SWE insert into each

plastic bag and then insert the specified number of colored sticks, thin sticks, straw
spacers, and rubber bands into each bag.

Note: There will be additional breakage as students work with the kits. Either provide
extra kits to serve as spare parts or add spare parts to each individual bag.

Page 2 Of 2



SWE Kits f or Kids

Big B ridge Design

Civil Engineerin gKit

Teacher’s Munual

KitD esigner: Joey Lenze
PennState Studentl 998-19 99

Kit Dev elo pment funded byt he ExxonMabil Foundaton

O 1999 KidT echIn c. and Soci ety of Wo men Eng i neers




BIG BRIDGE DESIGN

Bridge frameworks often are a series of triangles.....why? Build a bridge using
wood trusses and girders to find out!

GRADE LEVELS
Science activity appropriate for grades 5-8
Cross-Curricular Integration intended for grades 5-8

~nAD ~ o )
&‘\ 7 /’< KEY SCIENCE TOPICS
/// \\ //)\\\ //>\\ .
VARNNVZZRNNIZAN - gravity
7Y NN . balanced forces
& X > ® . load distribution
STUDENT BACKGROUND
Students should have a basic understanding of what
features make a structure stable, and forces.
KEY PROCESSING SKILLS
Observing - students use hints from everyday
objects
Making models - everyone builds structures!
Collecting data — students run experiments on
weight-bearing ability of the bridge, and graph the
data
Investigating — students can re-arrange the truss
and girder pieces for new bridge designs.
TIME REQUIRED
Setup 5 minutes
Performance 40 minutes
Cleanup 5 minutes
Materials
Big Bridge Kit includes: 55 pre-drilled colored wooden craft sticks - trusses

7 thin dowel rods (5 %2” long ) - girders
8 rubber bands
14 plastic spacers

For “Introdu cing the Activity”

discuss pictures of different bridges, or go visit a truss and girder bridge. How old or
new are the bridges, and what materials are used in the bridge?

© 1999K idTech I nc. and the Society of Women Engineers 1



For the “Procedure”
Per student:
One Big Bridge kit
For class:
Weights, ranging from 1 pound to 5 pounds. (Can use aluminum cans filled
with water or sand, or bags of sand)
Paper to sketch designs, write down data results

For the “Extension”
work paper (for calculations)
extra rubber bands

Safety and Disposal
No special disposal procedures.

Introducing the Activity

Ask students “Who is involved in designing everyday structures, like bridges?” (Some of the answers
may be the people who help build these structures - construction workers, crane operators, etc. These
people do the actual construction, but are not the designers...)

The answer: engineers, such as civil engineers, design bridges ... and work along side construction
workers to complete the structures.

Announce to the class that for the next 40 minutes (or class period) each one of the students will be doing
something new: each will be a civil engineer!

First, show the students the two main components in the Big Bridge: pre-drilled colored sticks and thin
dowel rods. The colored sticks will form the main bridge support elements (called trusses) in the vertical
direction. The dowel rods will be the girders, supporting weight across the bridge between trusses.

Next, tell the students that they will be building a bridge that will be over 15 inches long, 5 inches high and
4 inches wide — and they can experiment with how much weight it can hold and how it deforms (or
changes shape) under a load.

© 1999K idTech I nc. and the Society of Women Engineers 2



Procedure

EXPERIMENT #1: WHY USE TRIANGLES IN BRIDGES?

1. Take a thin dowel rod and wrap a rubber band around the end of the rod many times to form a
small rubber ball.....see below. Do this with three more rods.

T~

Take two of the rubber-banded dowel rods and slide one though one hole in the end of one
colored stick, then the second rod through the second hole in the stick.

Repeat this step with another two rubber-banded rods and one colored stick. Now connect these
two colored sticks and rods with another two colored sticks to form a square —
see Figure 1.

Figure 1 — square truss

Notice that if you push or pull on any two opposite corners you easily change the shape of the
square into a parallelogram. There is nothing to prevent the distance between opposite corners of
the square to change. If you are building a bridge, you do not want it to change shape every time
a person or car crosses over it. (Kids may think it's fun, but it is not very safe or practical!)

2. Now using three different rubber-banded rods and three colored sticks, make a triangle (see

Figure 2). Notice how you can push or pull on any of the sides or corners and the triangle
does not change shape.

© 1999K idTech I nc. and the Society of Women Engineers 3



Figure 2 — triangle truss
shape

Each black dot represents a rod sticking straight up through the colored sticks. The triangle is a
stable shape because all the force you put on a corner acts down along the two nearby colored
sticks to the rods and third stick.

3. Now take the square shape that you built, and shift the square so that opposite corners are
the length of a colored stick apart. Slide a wooden stick over the two rods to make it a
diagonal truss....see Figure 3.

Figure 3 — shifted
square with added
colored stick

Notice how you can push or pull on any corner and the shape does not change. Why? Because
the square has been changed into two side-by-side triangles.

EXPERIMENT #2: BUILDING A BRIDGE
Now that everyone is a master of trusses and their use, put your knowledge into building a full
bridge.

1. Put 6 rubber-banded rods through the holes in three of the colored sticks and align them as
shown in Figure 4. Have the 7" rod ready to be used next.

Figure 4 - starting
the bridge frame
o
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2. Connect the three colored sticks with three more colored sticks as shown in Figure 5. Put the
last rubber-ended rod through the one remaining hole that is open. It should now look like a

zigzag pattern.

Figure 5 -
frame zigzag

3. Now, using 5 more colored sticks, put a top and a bottom on the zigzag pattern
(see Figure 6). It should look like 5 side-by-side triangles. We will refer to 5 triangle unit as a

frame.

BN (> [ )
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4. Repeat the frame construction again on top of the first one. You should have a frame that
looks like Figure 6, but is two colored sticks thick.

5. Now place seven plastic spacers over each of the rods. One spacer goes on each of the
seven rods. See Figure 7.

- } Frame

Figure 7 — rod side view
Plastic Spacer

. } Two frames

6. Next, build another frame just like Fig% 6 on top of the spacers on the rods. Figure 7 gives
to a top view. The structure should be"starting to look like a bridge.
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7. Place the remaining 7 spacers over the rods, like in Step 5. Once again, build two frames on

top of the spacers. When done, if you are looking at one rod you should see (like in Figure
8):

Two frames back-to-back

A plastic spacer

One frame

A plastic spacer

Two frames back-to-back

Spacers
o

_@_-_- a (11 Figure 8 — final side
view of one rod
H_/ H_}
Two One Two
Frames Frame Frames

8. The last step: carefully take all the rubber band balls off the ends of the rods. Have the rods
positioned so that none of the colored sticks slide off the rods. Stretch the rubber bands
between ends of rods as shown in Figure 9. (Figure 9 is drawn without the colored sticks so
you can clearly see where to connect the rubber bands. )

Figure 9 — rubber band
Criss-cross pattern

This criss-cross pattern with 4 rubber bands should be done on both sides of the bridge. The
spacers should be tight against the colored sticks, and the rubber bands should be pressed up
against the bridge sides to hold everything together tightly. Now we are ready for testing!

SOME BRIDGE EXPERIMENTS AND ANALYSIS IDEAS

1. Place your bridge over a gap approximately 12" wide. Set something on top of the bridge that
is relatively light (less than a pound), such as a book. You will find that if the force pushes
straight down on the bridge (the book’s weight), the bridge is strong, and does not change
shape much.

Measure the distance between corner A and B on your (see Figure 10). The arrow shows where

to make the measurement. Write down this original distance: , call it SD (starting
distance)
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Top girder rods

\ Corner
B
Figure 10 —bridge

] top view with corners A and B

T=/

Corner A

2. Now, push lightly on the bridge from side to side at corners A and B with your fingers(such as
shown in Figure 11).

Top girder rods Push here

/T

Figure 11 — testing for bridge
strength in top view

o7
Push here
What happens when you push on the bridge corners? Does the bridge seem to move more with
less force than the book? Why?
Instead of pushing on the corners, you can have the same effect by putting a rubber band

diagonally across the corners A and B on the bottom side of the bridge — like in Figure 12. With
the rubber band in place does the bridge deform? What is the new length between A and B?

Write down this new distance: , and call it rubberband distance (RD).
Corner
B
- St aall Figure 12 —rubber band
A1 pulls between corners A and B
Corner A I - I

How much did the bridge change shape or deform with the rubber band pulling on the corners A
and B? Call this change in distance between A and B the deformation distance DD:

Deformation distance (DD) = Starting distance (SD) — Rubb erband distance (RD)

© 1999K idTech I nc. and the Society of Women Engineers 7



DD =

What is the percentage deformation? Calculate this by doing:

Deformation distance (DD) .
Starting distance (SD) X 100 = Percentage deformation (%)

Real Bridges are actually designed to deform some — otherwise the bridge would be very heavy
and expensive. However the percentage deformation is usually very small — less than 1%.

3. Remember the experiments with the square and triangle shape in Experiment #1. If you look
down on the bridge, you will see that the rods form squares or rectangles with the colored stick
sides of the bridge.

Can you think of ways to make this bridge stronger when something pushes on it side-to-side?
Try it — you could use sticks or straws, or more rubber bands to come up with a design solution.
With your design change in, re-measure the rubberband distance RD, and re-calulate deformation
distance DD and percentage deformation. Does RD, DD and percentage deformation go down?

Make a chart to summarize your data:

Design description SD: Starting RD: Rubberband DD: Deformation| Percent
Distance Distance Distance deformation
(inches) (inches) (inches) (%)
Design #1

With new girder
Support — 1% try

With new girder
Support — 2™ try
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Extensions

1. Rebuild the bridge in different ways:
Design #2: Have the sides of the bridge with only one frame — not two. Is the bridge
as strong as the original design? Measure SD, RD, and DD and add to your data
chart.
Design #3: Build the bridge with no center frame. Is this bridge as strong as either
Design #1 or #2? Measure SD, RD, and DD and add to your data chart.

(You will find that the trusses distribute the forces — so the more trusses, the better the
force distribution, and the stronger and more stable the bridge.)

2. Try adesign like in Figure 11 — a double-decker bridge. Before starting to build count up the

number of colored sticks you need in your design. Do you have enough material? Team up
with a classmate and share materials to build your design.

Figure 11 — Double-decker bridge
design

Cross-Curricular Integration

Math:
For the bridge design with the lowest percentage deformation, what number of colored sticks
were used? How many rod girders were used? Assign a cost of $10 for each colored stick
(truss piece) and $5 for each rod (girder). What was the total cost of the bridge?

For the bridge design with the highest percentage deformation, how many colored sticks were
used? How many rod girders were used? Assign a cost of $10 for each colored stick (truss
piece) and $5 for each rod(girder). What was the total cost of the bridge?

Plot these results in a graph like this:

What conclusions can we make about bridge Bridge
cost and bridge strength? Total
Cost ($)

f >
% deformation

Background Information on Engineering

Bridge building falls under the discipline of civil engineering. Civil engineering is the third largest
and oldest branch of engineering. Major civil engineering projects date back more than 5,000
years. Today, civil engineers plan, design, and supervise the construction of facilities essential to
modern life. Civil engineering projects range from high-rise buildings to mass transit systems,
from airports to water treatment facilities, from space telescopes to off-shore drilling platforms.
(From Studying Engineering; A Road Map to a Rewarding Career by Raymond Landis as
referenced on the JETS website listed below.)
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Further Reading and Investigation

Salvadori, Mario; Paper Bridges: Strength Through Form; Salvadori Educational Center
on the Build Environment, New York, New York.1997

General Engineering Websites:

http://mww.swe.org Provides information, activities and links on engineering. Under
programs click on Career Guidance or Cool Stuff.

http://mww.eweek.org Provides links to many specific engineering organizations.
http://www.engineergirl.org Talks about careers, education, different fields of engineering
and provides some good links.

http://www.discoverengineering.org Provides information, games, activities, answers to
Frequently Asked Questions and links. Designed for students.
http://www.engineeringsights.org "A Sightseer's Guide to Engineering"

It's a tour of interesting engineering sites for a wide variety of disciplines in every state.
You can search against a specific type of engineering. It contains a brief description of
the "site", facts, links to web sites, etc.

www.asee.org/precollege This is the site of the American Society for Engineering
Education. It has a wealth of information on engineering, answers to frequently asked
guestions, and descriptions of the different fields within engineering.

www.jets.org This is the site of the Junior Engineering Technical Society. Again a wealth
of information on engineering. Click on ENGNET for a menu of the different fields in
engineering, then click on the field that you are interested in finding more about.

Civil Engineering Websites:

Bridge

http://civilengineer.about.com/science/civilengineer/ A site with links to anything to do with
civil engineering.

Websites:

http://www.pbs.org/wgbh/nova/bridge/ A website to support a NOVA program on bridges
that ran several years ago. It has information on the different types of bridges and
advantages/disadvantages, etc.

http://www.pbs.org/wgbh/buildingbig A website to support the recent Building Big series
on PBS. A portion of this site is devoted to bridges.

Contributors

Joey Lenze — undergraduate civil engineering student — Penn State University (kit designer)
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BIG BRIDGE DESIGN

Bridge frameworks often are a series of triangles.....why? Build a bridge using
wood trusses and girders to find out!

Procedure

EXPERIMENT #1: WHY USE TRIANGLES IN BRIDGES?

1. Take a thin dowel rod and wrap a rubber band around the end of the rod
many times to form a small rubber ball.....see below. Do this with three more

rods.

Take two of the rubber-banded dowel rods and slide one though one hole in the
end of one colored stick, then the second rod through the second hole in the
stick.

®

Repeat this step with another two rubber-banded rods and one colored stick.
Now connect these two colored sticks and rods with another two colored sticks to
form a square —

see Figure 1.

Figure 1 — square truss

O 1999 KidTed Inc. and the Society of Women Engineea's
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Notice that if you push or pull on any two opposite corners you easily change the
shape of the square into a parallelogram. There is nothing to prevent the
distance between opposite corners of the square to change. If you are building a
bridge, you do not want it to change shape every time a person or car crosses
over it. (Kids may think it's fun, but it is not very safe or practical!)

2. Now using three different rubber-banded rods and three colored sticks, make
a triangle (see Figure 2). Notice how you can push or pull on any of the
sides or corners and the triangle does not change shape.

Figure 2 — triangle truss
A ° shape

Each black dot represents a rod sticking straight up through the colored sticks.
The triangle is a stable shape because all the force you put on a corner acts
down along the two nearby colored sticks to the rods and third stick.

3. Now take the square shape that you built, and shift the square so that
opposite corners are the length of a colored stick apart. Slide a wooden stick
over the two rods to make it a diagonal truss....see Figure 3.

Figure 3 — shifted
square with added
colored stick
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Notice how you can push or pull on any corner and the shape does not change.
Why? Because the square has been changed into two side-by-side triangles.

EXPERIMENT #2: BUILDING A BRIDGE
Now that everyone is a master of trusses and their use, put your knowledge into
building a full bridge.

1. Put 6 rubber-banded rods through the holes in three of the colored sticks and
align them as shown in Figure 4. Have the 7" rod ready to be used next.

Figure 4 - starting
the bridge frame
°

2. Connect the three colored sticks with three more colored sticks as shown in
Figure 5. Put the last rubber-ended rod through the one remaining hole that
is open. It should now look like a zigzag pattern.

Figure 5 -
frame zigzag

3. Now, using 5 more colored sticks, put a top and a bottom on the zigzag
pattern (see Figure 6). It should look like 5 side-by-side triangles. We will refer
to 5 triangle unit as a frame.
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4. Repeat the frame construction again on top of the first one. You should have
a frame that looks like Figure 6, but is two colored sticks thick.

5. Now place seven plastic spacers over each of the rods. One spacer goes on
each of the seven rods. See Figure 7.

' } Frame

Figure 7 —rod side
view
Plastic Space

} Two frames

&
6. Next, build another frame just like Figure 6 on top of the spacers on the rods.
Figure 7 gives to a top view. The structure should be starting to look like a
bridge.

7. Place the remaining 7 spacers over the rods, like in Step 5. Once again,
build two frames on top of the spacers. When done, if you are looking at
one rod you should see (like in Figure 8):
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Two frames back-to-back
A plastic spacer

One frame

A plastic spacer

Two frames back-to-back

Spacers
o

_@____ | il Figure 8 — final side
view of one rod

— —
Two One Two
Frames Frame Frames

8. The last step: carefully take all the rubber band balls off the ends of the rods.
Have the rods positioned so that none of the colored sticks slide off the rods.
Stretch the rubber bands between ends of rods as shown in Figure 9.
(Figure 9 is drawn without the colored sticks so you can clearly see where to
connect the rubber bands.)

Figure 9 — rubber
band
Criss-cross pattern

This criss-cross pattern with 4 rubber bands should be done on both sides of the
bridge. The spacers should be tight against the colored sticks, and the rubber
bands should be pressed up against the bridge sides to hold everything together
tightly. Now we are ready for testing!
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Electromagnetics Kit — Materials List and kit assembly suggestions

Iltem Quantity per Kit

Insulated wire

(cutin 2.5 foot length;
each end stripped to % ”
bare wire)

“D” cell batteries

3 ¥2” steel nail

Paper clips
#1 size - small

ZipLock bag (quart)

Electromagnetics Kit label
SWE Kits for Kids Label

Black electrical tape

1

1
1

1 roll
per 4 teams

Purchased from:

Purchase large roll of wire

in either 100, 500 or 1000 foot
lengths — 22 gauge.

Suggested purchase locations:
www.digikey.com

www.kelvin.com - 1000 feet for $24;
example: Part #330011

(black insulation)

Sam'’s Club — buy in packs of 12

for approx. $10 (EverReady). Caution:
don't simply put “D” cells into bags with
paperclips just freely kicking around in
bag...could short

out batteries!! Have either the battery
terminals sealed or covered,

or the paperclips in a small ziplock bag.

Lowes (or similar hardware store)
sold in boxes of 1 pound or 5
pounds, with one pound providing
approx. 40 nails. (Check box labell!)
Cost per nail <$.05.

Office supply stores — OfficeMax
or Office Depot. Sometimes sold
in packages of 20 boxes. With 100
paperclips per box.

Buy in bulk at Sam’s Club
Quantity per box varies from

20 to 75 (depending on packaging)
Cost per bag ~ $.10.

see file provided

see Beth Babyak’s file

Loews - $.51 for roll of 100 feet.

Kit assembly: no special notes...all materials fit easily into the ziplock bag. The wire can be
coiled in a loop to fit in the ziplock bag easier. EverReady Batteries from Sam’s Club came in
long box of 12 batteries, with pairs of batteries “shrink-wrapped” together, which protected them

from the paperclips.

C:/KidTech/Electromag_BOM.doc
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Electromagnetism

Materials Needed —

Kit containing —
2 D cell batteries (normal flashlight batteries)
2 pieces of insulated copper wire
1 piece of non-insulated copper wire
An iron nail
50 paper clips
Masking tape
Compass

Introdu ction —

Do you have a cassette tape player or a VCR or a computer at home? Have you
ever wondered how they work? One of the principles behind these machines is called
electromagnetism. With this kit you will learn the meaning of electromagnetism, make
your own electromagnet and experiment with its strength. In other words, you will be
practicing to be an electrical engineer!

What is electromagnetism? In 1819 a scientist from The Netherlands named
Hans Christian Oersted discovered electromagnetism when he discovered that an
electric current could move a compass needle. By running an electric current through a
wire, you can create a magnetic field. An electromagnet is much like a “permanent”
magnet, like a horseshoe magnet, a bar magnet, or the magnets on your refrigerator:
however, an electromagnet is more “temporary”, as it only functions when there is a
current flowing and creating a magnetic field.

Instructions —

Make your own electromagnet using the following steps:

1. Take the longer piece of insulated copper wire and wrap it tightly ten times
around the iron nail, leaving the same amount of leftover wire available on both
ends and leaving about % of an inch of nail exposed without any wire.

2. Using masking tape, tape one end of this wire to the negative side, or bottom, of
one D cell battery. Tape the other end of this wire to the positive side of the
same battery. Now you should have a nail with a wire coil around it, connected
to a D cell battery. This is your electromagnet.

Warning: The ends of the battery will warm up when both wires are connected.
Avoid the ends of the battery when holding or moving your electromagnet. When
not performing a specific test or experiment, disconn ect one of the wires.

To check that your electromagnet is working, you can hold it over a
compass and watch the needle in the compass move.
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Why do you think that the electromagnet causes the needle of the
compass to move?

Test Your Electromagnet

To test the electromagnet, move the nail toward the paper clips, and see how many
paper clips that the nail can pick up. As an electromagnet, with current flowing from the
battery, the nail should act just like a bar magnet.

Experiment #1 — Changing the Strength of the Electromagnet

By changing the numbers of coils around the nail, the strength of the electromagnet will
change. Write down a hypothesis, or an educated guess, as to how you think the
number of coils around the nail relates to the number of paper clips that the nail can pick
up, or the strength of the electromagnet.

My hypothesis

Now test your hypothesis by changing the number of coils around the nail, connecting it
to the battery, and determining how many paper clips that it picks up. Record your
results in the following table:

Number of Coils Around the Nail Number of Paper Clips Picked Up

5

8

10

12

15

20
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From your data you can predict how many paper clips would be picked up if you had 100
coils around the nail.

My prediction for 100 coils around the nail:

Paper clips

After observing how the electromagnet functions with various numbers of coils around
the nail, how do you think that the coil around the nail affects the electric field?

Experiment #2 — Effect of Voltage on the Strength of the Electromagnet

The electromagnet you created in the first experiment used only 1 D cell battery that
carries 1.5 volts. If you connect batteries together in series, or one right after the other,
you can change the overall voltage in your electromagnet circuit.

To connect the batteries in series, take a piece of short wire and tape the wire to got
from the negative end of one battery to the positive end of another battery. The wire
with the nail in it should be connected to the positive end of the first battery and the
negative end of the last battery in the series.

Write down a hypothesis stating how you think that the number of batteries, or the
voltage of the circuit, relates to the number of paper clips that the nail can pick up, or the
strength of the electromagnet.

My hypothesis:

To test your hypothesis, you can experiment with different numbers of batteries in series,
and record the strength of the electromagnet for each trial, based on the number of
paper clips that the nail can pick up. Repeat the experiment with a different number of
coils so that you have enough data to make predictions. Record your data in the table
on the next page.
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Number of Coils Number of Batteries | Voltage (Number of | Number of Paper
Around the Nalil in the Circuit batteries x 1.5 volts) | Clips Picked Up
10 1

10 2

15 1

15 2

From your data, you can predict how man paper clips would be picked up if you had 6
batteries in series in your circuit?

My prediction for 6 batteries in series with 10 coils around the nail:

Paper clips

My prediction for 6 batteries in series with 15 coils around the nail:

Paper clips

After observing how the electromagnet functions with various numbers of batteries
connected to the nail, how do you think that the amount of voltage and the amount of
current in the circuit affect the magnetic field?

Analysis —

The electromagnet that you created began with the power of a battery, which produces
electrons, and a wire. Electrons collect at the negative side of the battery but will flow to
the positive end of the battery if something causes them to. Using the wire in this
experiment helped the electrons move from the negative to the positive end of the
battery as fast as they could. A small magnetic field is generated in the wire, which acts
as the basis of the electromagnet.

When looking at a horseshoe magnet or a bar magnet, you will see that every magnet
has two ends, a north and a south end. Initially, when you look at a compass, the
compass needle will be pointing toward the North Pole of the Earth. When connecting
the nail with the coils to the battery and holding it over the compass, the compass needle
swings and moves because the needle is actually a small magnet with a north and south
end. The compass needle is so small that it is sensitive to even small magnetic fields.
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So the compass is affected by the magnetic field around the nail created in the wire by
the flow of electrons.

From the experiments conducted earlier, we learned that the strength of the magnetic
field produced by the electromagnet is dependent upon many factors, such as the
number of turns of the coil of wire and the size of the current. Since the magnetic filed
around the wire is circular and perpendicular to the wire, an easy way to alter the wire’s
magnetic field is to coil the wire. To alter the amount of current flowing through the
circuit, the voltage in the circuit can be altered by adding more batteries or power in
series to the circuit. This increases the voltage, and thus increases the current, through
the wires.

Background on Electrical Engineering - Electrical engineering is the engineering field
that employs the largest number of engineers. Electrical engineering is a discipline that
combines many other disciplines such as physics, chemistry, mathematics, computer
software and hardware, solid-state electronics, communications, electromagnetics and
optics, signals and signal processing, systems science, reliability, engineering
economics, and manufacturing. Some electrical engineers specialize in power
engineering and work with motors and generators, and design transmission lines and
power plants. Other electrical engineers specialize in electronics that deal with
communications, such as radio, television, and telephones. They can also work with
other technical professionals to develop sophisticated software tools. All of these
engineers draw on the fundamentals of science and mathematics. They design and
work with electrical, electronic, electro-optical and electromechanical devices, circuits,
and systems.

To find out more about electrical engineering or about engineering in general check out
the following websites:

Electrical Engineering

http://www.ieee.org/organizations/eab/PDI/pages/car_res_dir/student car.htm
This is the student careers site which is part of the Institute of Electrical
Engineers (IEEE) Professional Development Institute site. Click on “EE
overview”, “The Working World”, or any of the other options to find out more
about electrical engineering. (This site can also be found by choosing “Careers
and Employment” on the main site www.ieee.org and following the connections
to student careers.)

General Engineering Websites:

http://www.swe.org Provides information, activities and links on engineering.
Under programs click on Career Guidance or Cool Stuff.

http://www.eweek.org Provides links to many specific engineering organizations.
http://www.engineergirl.org Talks about careers, education, different fields of
engineering and provides some good links.

http://www.discoverengineering.org Provides information, games, activities,
answers to Frequently Asked Questions and links. Designed for students.
http://www.engineeringsights.org "A Sightseer©s Guide to Engineering"
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It's a tour of interesting engineering sites for a wide variety of disciplines in every
state. You can search against a specific type of engineering. It contains a brief
description of the "site", facts, links to web sites, etc.

www.asee.org/precollege This is the site of the American Society for Engineering
Education. It has a wealth of information on engineering, answers to frequently
asked questions, and descriptions of the different fields within engineering.
www.jets.org This is the site of the Junior Engineering Technical Society. Again
a wealth of information on engineering. Click on ENGNET for a menu of the
different fields in engineering, then click on the field that you are interested in
finding more about.

Books Related to this topic:

How It Works: The World of Computers and Communications by lan Graham published
by Barnes & Noble Inc. by arrangement with Horus Editions unlimited, 1998. (ISBN 0-
7607-0909-2)

Everyday Machines: Amazing Devices That We Take For Granted by David Burnie
published by Turner Publishing Inc., 1995. (ISBN 1-57036-155-X)

Both of these large picture books describe how everyday machines work. Many of these
machines depend on the principles of electromagnetism.
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Electromagnetism

Materials Needed —

Kit containing —
2 D cell batteries (normal flashlight batteries)
2 pieces of insulated copper wire
1 piece of non-insulated copper wire
An iron nail
50 paper clips
Masking tape
Compass

Introdu ction —

Do you have a cassette tape player or a VCR or a computer at home? Have you
ever wondered how they work? One of the principles behind these machines is called
electromagnetism. With this kit you will learn the meaning of electromagnetism, make
your own electromagnet and experiment with its strength. In other words, you will be
practicing to be an electrical engineer!

What is electromagnetism? In 1819 a scientist from The Netherlands named
Hans Christian Oersted discovered electromagnetism when he discovered that an
electric current could move a compass needle. By running an electric current through a
wire, you can create a magnetic field. An electromagnet is much like a “permanent”
magnet, like a horseshoe magnet, a bar magnet, or the magnets on your refrigerator:
however, an electromagnet is more “temporary”, as it only functions when there is a
current flowing and creating a magnetic field.

Instructions —

Make your own electromagnet using the following steps:

1. Take the longer piece of insulated copper wire and wrap it tightly ten times
around the iron nail, leaving the same amount of leftover wire available on both
ends and leaving about % of an inch of nail exposed without any wire.

2. Using masking tape, tape one end of this wire to the negative side, or bottom, of
one D cell battery. Tape the other end of this wire to the positive side of the
same battery. Now you should have a nail with a wire coil around it, connected
to a D cell battery. This is your electromagnet.

Warning: The ends of the battery will warm up when both wires are connected.
Avoid the ends of the battery when holding or moving your electromagnet. When
not performing a specific test or experiment, disconn ect one of the wires.

To check that your electromagnet is working, you can hold it over a
compass and watch the needle in the compass move.
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Why do you think that the electromagnet causes the needle of the
compass to move?

Test Your Electromagnet

To test the electromagnet, move the nail toward the paper clips, and see how many
paper clips that the nail can pick up. As an electromagnet, with current flowing from the
battery, the nail should act just like a bar magnet.

Experiment #1 — Changing the Strength of the Electromagnet

By changing the numbers of coils around the nail, the strength of the electromagnet will
change. Write down a hypothesis, or an educated guess, as to how you think the
number of coils around the nail relates to the number of paper clips that the nail can pick
up, or the strength of the electromagnet.

My hypothesis

Now test your hypothesis by changing the number of coils around the nail, connecting it
to the battery, and determining how many paper clips that it picks up. Record your
results in the following table:

Number of Coils Around the Nail Number of Paper Clips Picked Up

5

8

10

12

15

20
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From your data you can predict how many paper clips would be picked up if you had 100
coils around the nail.

My prediction for 100 coils around the nail:

Paper clips

After observing how the electromagnet functions with various numbers of coils around
the nail, how do you think that the coil around the nail affects the electric field?

Experiment #2 — Effect of Voltage on the Strength of the Electromagnet

The electromagnet you created in the first experiment used only 1 D cell battery that
carries 1.5 volts. If you connect batteries together in series, or one right after the other,
you can change the overall voltage in your electromagnet circuit.

To connect the batteries in series, take a piece of short wire and tape the wire to got
from the negative end of one battery to the positive end of another battery. The wire
with the nail in it should be connected to the positive end of the first battery and the
negative end of the last battery in the series.

Write down a hypothesis stating how you think that the number of batteries, or the
voltage of the circuit, relates to the number of paper clips that the nail can pick up, or the
strength of the electromagnet.

My hypothesis:

To test your hypothesis, you can experiment with different numbers of batteries in series,
and record the strength of the electromagnet for each trial, based on the number of
paper clips that the nail can pick up. Repeat the experiment with a different number of
coils so that you have enough data to make predictions. Record your data in the table
on the next page.

O 1999 KidTed Inc. and the Society of Women Engineea's



Number of Coils Number of Batteries | Voltage (Number of | Number of Paper
Around the Nalil in the Circuit batteries x 1.5 volts) | Clips Picked Up
10 1

10 2

15 1

15 2

From your data, you can predict how man paper clips would be picked up if you had 6
batteries in series in your circuit?

My prediction for 6 batteries in series with 10 coils around the nail:

Paper clips

My prediction for 6 batteries in series with 15 coils around the nail:

Paper clips

After observing how the electromagnet functions with various numbers of batteries
connected to the nail, how do you think that the amount of voltage and the amount of
current in the circuit affect the magnetic field?

Analysis —

The electromagnet that you created began with the power of a battery, which produces
electrons, and a wire. Electrons collect at the negative side of the battery but will flow to
the positive end of the battery if something causes them to. Using the wire in this
experiment helped the electrons move from the negative to the positive end of the
battery as fast as they could. A small magnetic field is generated in the wire, which acts
as the basis of the electromagnet.

When looking at a horseshoe magnet or a bar magnet, you will see that every magnet
has two ends, a north and a south end. Initially, when you look at a compass, the
compass needle will be pointing toward the North Pole of the Earth. When connecting
the nail with the coils to the battery and holding it over the compass, the compass needle
swings and moves because the needle is actually a small magnet with a north and south
end. The compass needle is so small that it is sensitive to even small magnetic fields.

O 1999 KidTed Inc. and the Society of Women Engineea's




So the compass is affected by the magnetic field around the nail created in the wire by
the flow of electrons.

From the experiments conducted earlier, we learned that the strength of the magnetic
field produced by the electromagnet is dependent upon many factors, such as the
number of turns of the coil of wire and the size of the current. Since the magnetic filed
around the wire is circular and perpendicular to the wire, an easy way to alter the wire’s
magnetic field is to coil the wire. To alter the amount of current flowing through the
circuit, the voltage in the circuit can be altered by adding more batteries or power in
series to the circuit. This increases the voltage, and thus increases the current, through
the wires.
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Name: Date:

Electromagnetism Data

Experiment #1 — Changing the Strength of the Electromagnet

My hypothesis

Number of Coils Around the Nail Number of Paper Clips Picked Up

5

8

10

12

15

20

From your data you can predict how many paper clips would be picked up if you had 100 coils
around the nail.

My prediction for 100 coils around the nail:

Paper clips

After observing how the electromagnet functions with various numbers of coils around the nail,
how do you think that the coil around the nail affects the electric field?



Name:

Electromagnetism Data

Date:

Experiment #2 — Effect of Voltage on the Strength of the Electromagnet

My hypothesis:

Number of Coils

Number of Batteries

Voltage (Number of

Number of Paper

Around the Nalil in the Circuit batteries x 1.5 volts) | Clips Picked Up
10 1
10 2
15 1
15 2

From your data, you can predict how man paper clips would be picked up if you had 6 batteries
in series in your circuit?

My prediction for 6 batteries in series with 10 coils around the nail:

My prediction for 6 batteries in series with 15 coils around the nail:

Paper clips

Paper clips

After observing how the electromagnet functions with various numbers of batteries connected to
the nail, how do you think that the amount of voltage and the amount of current in the circuit
affect the magnetic field?
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Gelatin Gumdrop Kit — Materials List and Kit Assembly Suggestions

Item Quantity per Kit Purchased from:

Gelatin mix 1 box (four servings 4) Grocery store/club

Disposable 1 Grocery store/club

storage container (approx. 5 for $3)

(ZipLock — short

round)

Plastic fork 1 Dollar store (51 pieces for $1)

Straw 1 Dollar store

3 oz. plastic cup 1 Grocery store/club

ZipLock bag (quart) 1 Buy in bulk at Sam’s Club
Quantity per box varies from
20 to 75 (depending on packaging)
Cost per bag ~ $.10.

Gelatin Gumdrop Kit label 1 See file provided

SWE Kits for Kids Label 1 See file provided

Kit assembly: Place label and SWE insert into the quart size storage bag. Place gelatin box
inside of the storage container and close lid. Place the storage container in the bag. Then
insert the fork, straw and cup in the spaces around the storage container and seal the bag.

Note: If flexible straws are used cut off the top portion including the flexible section prior to
inserting them into the bag.
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Gelatin Gumdrop Experiment

Materials Needed -

Kit containing:
1 Package of Gelatin
1 Fork
1 Small Cup
1 Mixing/Storage Container
1 Dropper (or straw)

Paper Towels
Water

Introdu ction —

Have you ever heard the word polymer? What is a polymer? The basic definition of a
polymer is something made from many units. “Poly” means many and “mer” means
units. A polymer is like a chain made with atoms of carbon and hydrogen (and
sometimes oxygen, nitrogen, or silicon. You use things everyday that are made from
polymers. All plastics and some other materials are polymers. Polymers are in your
shampoo bottle, plastic drinking bottles, paints, and even some clothing fabrics are
made of polymers.

In a polymer lots of little things come together to form a big structure. You can think of
this as being like when people use Legos to build things or bricks to build houses.

In this experiment we are going to make a polymer.
Process —

1. Open the gelatin mix and pour into mixing container.

2. Pour water into the cup.

3. Make a prediction — What do you think is going to happen when you add drops of
water to the gelatin powder? Think about what happens when you add water to
other powders (like Kool-Aid). Also consider what happens when you make
gelatin. Write down your prediction.

4. Put water into the dropper. (Note: a straw can be used as a dropper if you stick

it in the water and then cover the top of the straw with your thumb. This traps the

water in the straw and by carefully squeezing the straw with your other hand; you
will release drops of water. Practice this over a paper towel before you continue
to the next step.)

Put one drop of water from the dropper into the center of the gelatin mixture.

Continue by putting about 6 to 8 total drops of water into the same spot.

Scoop fork under the spot where you dripped the water. Lift up the gumdrop that

you have formed.

8. Congratulations, you have just made a polymer!

No o
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Suggestion: You may also want to try leaving one of the gumdrops in the water for a
longer amount of time, around 5 minutes, to se how this gelatin drop differs.

Note: When you are finished if you want to keep the gelatin mixture, use the fork to
scoop out any excess gelatin where the water touched it. Put the lid on the containers
and store in a dry place.

To run this experiment again, wash off all of the equipment and get another box of
gelatin (do not use sugar-free gelatin) if you do not have any left.

Background —

When the water was added to the gelatin powder, the small parts of the gelatin
came together to form a bigger structure. You can think of each person in your class as
being one of the small parts of the gelatin. If you all link your arms together you would
form something bigger, like the polymer. So small things come together to form polymer
structures. This is like using Legos to build something or bricks to build a house.

When the gelatin is made by the package instructions the polymers help it to
make its solid form. The structure that is made keeps the gelatin together.

We already know that all plastic and some other materials are made from
polymers. Inindustry, many people’s jobs revolve around making polymers. Some
people try to find different uses for polymers. Others people try to make new polymers
with interesting properties. Many chemists and chemical engineers work in the polymer
field.

Background on Polymers: Most polymers are molecules made of long chains of
hydrocarbons (units of hydrogen and carbon). The carbon forms the backbone of the
polymer molecule and the hydrogen atoms are connected along the backbone. Other
elements such as oxygen, chlorine, fluorine, nitrogen, silicon, phosphorous and sulfur
can also be found in polymers. A common plastic, polyvinyl chloride (PVC), contains
chlorine. Nylon contains nitrogen and oxygen. Teflon contains fluorine. Polymers are
created by a process called polymerization, which is a process of joining together a large
number of identical (smaller) molecules. Polymerization and polymers can occur
naturally or can be manmade. Natural polymers include horns of animals, turtle shells,
shellac which is a secretion of an Asian insect, rosin from pine tree sap, tar from the
distillation of organic materials like wood, amber, latex (the sap of the hevea tree) which
can form rubber. These polymers can be processed into usable objects through
processing involving only pressure and/or heat. Products include: buttons, beads, knife,
handles, fans, hair ornaments, combs, and more. Synthetic or manmade polymers were
first introduced in the early 1900s but were not fully developed until WWII when sources
of naturally occurring polymers became unavailable to the U.S. By 1983 the use of
polymers in the U.S. had surpassed the use of aluminum and steel. Different types of
polymers have specific different characteristics but all have the following general
characteristics: polymers are resistant to chemicals, polymers can be both thermal and
electrical insulators, polymers are very light in weight with varying degrees of strength,
and polymers can be processed in a variety of ways to produce thin fibers or very
intricate parts. (This information is summarized from the Teaching Plastics website
listed below. More detailed information can be found on the website.)

Background on Chemical Engineers: Chemical engineers process chemicals
that are used to make or improve just about everything around you. They use their
knowledge of mathematics and science (especially chemistry) to overcome technical
problems safely and economically including environmental problems related to pollution
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control and remediation. In addition to processing polymers and plastics, chemical
engineers can: improve food processing techniques, improve fertilizer production
methods, increase the quality and quantity of food, develop methods to mass-produce
drugs, and more. (This overview is a summary from the American Institute of Chemical
Engineers site listed below. More detailed information can be found on the website.)

For more information, check out these websites:

Polymer Websites:

- http://www.psrc.usm.edu/macrog/index.htm The macrogalleria is an on-line mall
where you can learn about polymers and polymer science in a fun environment.
http://www.teachingplastics.org/ Great site with hands-on activities for Grades K-
8 and good background information for teachers/parents.
http://www.pacsci.org/public/education/champions/polymers/polymers.html
Some more activities related to polymers.

Chemical Engineering Websites:
- http://chemengineer.about.com Provides links on any subject related to chemical
engineering.
http://www.aiche.org/careers/ A site spin off from the American Institute of
Chemical Engineers. It provides a general overview on the career with options to
find out more details on specific areas within chemical engineering.

General Engineering Websites:

- http://www.swe.org Provides information, activities and links on engineering.
Under programs click on Career Guidance or Cool Stuff.
http://www.eweek.org Provides links to many specific engineering organizations.
http://www.engineergirl.org Talks about careers, education, different fields of
engineering and provides some good links.
http://www.discoverengineering.org Provides information, games, activities,
answers to Frequently Asked Questions and links. Designed for students.
http://www.engineeringsights.org "A Sightseer's Guide to Engineering"
It's a tour of interesting engineering sites for a wide variety of disciplines in every
state. You can search against a specific type of engineering. It contains a brief
description of the "site", facts, links to web sites, etc.
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Name: Date:

Gelatin Gumdrop Experiment

Instructions —

1. Open the gelatin mix and pour into mixing container.

2. Pour water into the cup.

3. Make a prediction — What do you think is going to happen when you add drops of
water to the gelatin powder? Think about what happens when you add water to
other powders (like Kool-Aid). Also consider what happens when you make
gelatin. Write down your prediction.

4. Put water into the dropper. (Note: a straw can be used as a dropper if you stick
it in the water and then cover the top of the straw with your thumb. This traps the
water in the straw and by carefully squeezing the straw with your other hand; you
will release drops of water. Practice this over a paper towel before you continue
to the next step.)

5. Put one drop of water from the dropper into the center of the gelatin mixture.

6. Continue by putting about 6 to 8 total drops of water into the same spot. Record
what happened to the gelatin powder when you added the water. Does the
gelatin powder stick together?

7. Scoop fork under the spot where you dripped the water. Lift up the gumdrop that
you have formed.

8. Congratulations, you have just made a polymer!
Why do you think a structure was formed from the gelatin powder?

How do you think the structure that was formed helps when people make gelatin
salads?

Suggestion: You may also want to try leaving one of the gumdrops in the water for a
longer amount of time, around 5 minutes, to se how this gelatin drop differs.

Note: When you are finished if you want to keep the gelatin mixture, use the fork to
scoop out any excess gelatin where the water touched it. Put the lid on the containers
and store in a dry place.

To run this experiment again, wash off all of the equipment and get another box of
gelatin (do not use sugar-free gelatin) if you do not have any left.
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