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Exeautive Summary: A short summary of what the Projed was and what it acempli shed.

Engineaing Egypt is an educaiona outreach program in which seventh- and eighth-grade
students participate on teams with SWE professonals and coll ege students in five hands-on
workshops designed to demonstrate simple engineering principles used by the ancient Egyptians.
All workshops invalve applying the toadls of measurement and mathematicsto understanding a
basic physicd principle. Students also recave information onthe oppatuniti es and rewards of an
engineeing careg from avariety of mentors and role models. The workshops can all be
reproduced withou any spedali zed equipment from instructions on a website developed using
this grant (http://www.engineering.sdsu.edu/~kmn/engegypt.html).

http://attil a.sdsu.edw/maynewman/engegypt.html. The innovative program combined with the low
replicaion cost shoud encourage awider dissemination, further leveraging the value of the
financial suppat provided by the Exxon-Mobil Foundition.
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Reamgnition d SWE and the Dona

SD-SWE used every paossible oppatunity to recognize the spornsors and voluntee's that made
Engineering Egypt possble. The website
(http://www.engineering.sdsu.eduw/~kmn/engegypt.html) lists the sponsors on the home page for
Engineering Egypt, andincludes links to ead of the spornsors’ websites. An article was
pubished in the SWE-SD newsdletter thanking sponsors and vduntee's, a wpy of whichis
included in the gopendix. A pressrelease was written and approved by SWE National for the
event, bu despite sending thisto al | ocd news, radio and television stations, was not printed. At
the SWE-SD annual banquet in May, the keynate speedt was focused onStudent Outreach, and
event sponsors were recognized in that presentation.

Description o Event

The event was held onSaturday, April 28, 2001from 9am-3pm at the University of San Diego.
Twenty-five students and over twenty SWE and norSWE voluntea's participated. Each student
performed five hands-on workshops, and received at-shirt, “lab” notebook, Hewlett-Padard
cdculator, SWE-imprinted ruler and measuring tape, as well as other sponsor-doreted goodes.
The cdculators, rulers and measuring tapes were used to perform measurements and cdculations
in the workshogs.

The event began with a short inspirational speed from “Hypatia’, a SWE-SD member (Nicole
Haskins-Hafer, a software engineer) clothed in Egyptian-style garb. Hypatia told the students
how miraaulous today’ s techndogy would be perceived by an ancient Egyptian, and hov much
of it isbased onsimple cncepts and calculations that the Egyptians were familiar with. She
urged the students to pay close atention to the workshopleaders, and ke on their best behavior.
Muffins and aange juice were served during the speed, and afterward the students were divided
into teams of 4 students. Each team was led by two SWE-SD voluntee's - some were engineering
professonals and some were mll ege students. The teams rotated through the five 40-minute
workshops, completing threebefore the lunch break and two after. The five workshops included
in the program are:
- Designing and bul ding pyramids out of construction paper using the Pythagorean
theorem
- Managing a pyramid construction pojed using a smple computer program
- Learning how alever creates amechanica advantage which can be used to lift heary
objeds
- Using sand and gravel to reducedliding friction d blocks
- Learning abou the relationship among flow, volume andtime for water in pipes as
applied to reservoir design

During alunch o pizzaandjuice, SWE-SD voluntee's engaged the participants in dscussons
abou caeasin engineaing, highlighting what they did during a “typicd” day. Locd college
engineeing students also discussed their courses and adiviti es, emphasizing the rewards of their
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particular discipline. After all the workshops had been completed, event coordinator Karen May-
Newman, a profesor of mecdanical engineering at San Diego State University, encouraged
students to study math and sciencein preparation for a areer in engineering, and mentioned
several oppatunities for students interested in pursuing this path. Students completed a needs
asesgnent after the event that parall eled aversion administered before the event, in order to
assesshow much students had learned.

Measured Results

Despite aonfirming applicaions for 37 appli cants, several students from the Girl Power program
did na show upto the event. However, those 25 grlsthat did attend thoroughly enjoyed the
program and received more one-on-one dtention die to the large number of voluntee's.
Comments were generally favorable from the participants, and a written needs assessnent
administered at the beginning and again at the end of the event evaluated what the students
leaned, aswell as suggestions for improvement.

The detail ed results of the needs assessnent are presented in the gopendix. A scoring system was
used that rated the participant’ s responses to a set of questions before and after the event, ranking
their knowledge on a subjed covered in ore of the workshops as “Poor”, “Fair”, “Good”, or
“Excdlent”. Numerical scores were assgned to these ratings and the average scores compared.
All areass rowed improvement, with five subjed areas improving by two entire cdegories (i.e.,
“Fair” to “Excdlent”). Additional questions were added to the final questionnaire, which showed
the studentsrated it a 9.5 onascde of 10,and al but one would recdmmend it to their friends.
Why? “Because it is agood experience and educational” — and fun, too!

Deliverables
The deliverables from the event include the website, which has a detail ed description d how to

perform eacdh of the workshops. See
http://www.engineering.sdsu.edw/~kmn/engegypt. html

Thiswebsite will continue to be refined in order to improve the aili ty of other program
coordinators to repli cate the program el sewhere.

The event was thoroughly documented by a professonal phaographer, and 5x 7 prints are
included in the gopendices. Additionally, the phaographs were scanned and two CDs containing
these phaos, organized by workshop,are included in the padage of deliverables. SWE-SD will
retain the negatives in case alditional prints are nealed. Please mntact Karen May-Newman,
program coordinator, for additional reprints.

Lesns learned, problems and future plans

The strongest aspect of our program was the development of the individual workshops. Detail ed
plans for creaing the workshopmaterials, as well as suggestions for presenting the workshops to
students are listed onthe website, as described above. Unfortunately, the weakest aspects of the
program were student recruitment and pubi city. We foundthat it was difficult to find a useful
network for the midde-schod age group,and we had instead to rely onindividual contads of
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courselors, teachers and after-schod coordinators. Our discussons following the event included
trying to redesign the program for the dementary schod (5™-6" grade) age group, and sing the
Girl Scouts as a network to reauit students into the program. We fed that will give us“more
bang for the buck”, with many students for the small amount of eff ort needed to dsseminate
information to this network. Further improvement of our puldic relationswould help raise
community awarenessof the program and SWE, and rext time we plan to use our sporsors
media contadsto help get the word ou about our event.

This year, we ae taking a hiatus from Engineering Egypt, and instead are partnering with several
other organizations to create Expanding Y our Horizons, an event aimed at introducing science,
engineeaing and math caree'sto 500 @ more junior-high and high schod students. This event
will be held next October in San Diego. By leveraging the ailiti es of several organizations
together, such as AWIS, EEOC, AAUW, together with SWE, we hope to have abigger impad
onthelocd community. Those of us participating from SWE also hope to make contactsto help
us reauit students and d-aw more pulic atention to ou future outreach efforts.

Expenses

The overall budget for the event came in under the original projeds, saving approximately $450.
Significant savings were gained by using the University of San Diego, which dd na charge us
any fees. We dso sought good \alue for our refreshments and saved a cnsiderable anourt in
that category. Unfortunately, these savings were balanced by unprojeded expenditures for
storing the large Egyptian decorations as well as purchasing a professonal-style display boah
for our registration process The detail ed budget is shown onthe next page. In summary, we have
used $164 d the original $5600all otted to this projed under this grant program.
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Engineeaing Egypt in the Year 2001
SWE-San Diego County Sedion

Final Budget
Actua monetary costs
$

Maili ngs, postage 240
Fadlity rental 0
Workshops (consumable supgies) 682
Food(light bre&fast, lunch, hedthy snads) 575
T-shirts (75 with 3-color design) 850
Imprinted measurement device 642
Truck rental to transport Egyptian decorations 1208
Refreshments for voluntea medings 242
Consultant for web page design 420
Photographer 595
Booth 1000
Total: $6454

Donated items
Cdculators from Hewlett-Packard $1000

50cdculators @ $20each

Bagsfrom

Voluntea time $10,000

250 hous @ $40hou (what a bargain for trained enginees!)

Donations from locd corporate sponsors

Raytheon $ 800
Cymer $ 200
Qualcomm $ 300
Total: $1300
Net Cost to be mvered by SWE / Exxon-M obil Grant $5154
ORIGINAL GRANT TOTAL $ 5600
RECEIVED FROM SWE / ExxorMobil Corp $ 5040
AMOUNT REMAINING TO BE RECEIVED $ 114
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Name

ENGI NEERI NG EGYPT | N THE 21°TC ENTURY
SOCI ETY OF WOMEN ENGI NEERS
APRIL 28,2001

1. List threethings youthink an engineer does onadaily basis:

2. What isthe most important skill you reed to have a an engineer

3. Give some examples of diff erent types of engineering:

4. What does an engineering project manager do?

5. How doengineers use mmputersto help them do their work?

6. Definewhat you think the term “mechanical advantage” means:

7. Can you give two examples of devicesthat provide a ‘mechanical advantage”?

8. What isfriction?

9. What can you doto make it easier to push a heavy block up aramp?

10. What is the Pythagorean theorem?

11.How can you use math to design a pyramid?

12.What isflow?

13. What measurements do you reead to figure out how long it will take to fill areservoir?

14.Do youthink math isimportant in ather careers besides engineering? If so, list some examples:



Additional Questions

15. Have you attended ather scienceworkshops, classes, or events outside of schod, such as museums,
clubs, etc? If you answer “yes’, write down the name of the workshop, class or event.

16.How would you rate this program onascde of 1to 10?

17.What was your favorite part of the program?

18. Would you change any part of the program, and if so, which part?

19.Do youthink a caee in engineging, math or scienceisapaosshility for you?

20.Would you recommend the program to a friend? Why or why not?



Engineering Egypt Needs Assessment Results
Question Before After
Poor/Fair/Didn'tUnderstnd |Good Excellent Avg Bef Poor/Fair/Didn'tUnderstnd ' Good |Excellent |Avg After |Diff A-B

1 0 6 18 3.50 0 2 22 3.83 0.33
2 0 6 18 3.50 0 4 20 3.67 0.17
3 2 10 12 2.83 0 0 24 4.00 1.17
4 4 15 5 2.08 3 9 12 2.75 0.67
5 4 17 4 2.00 1 16 7 2.50 0.50
6 14 8 2 1.00 3 11 11 2.64 1.64
7 10 10 3 1.39 4 4 16 3.00 1.61
8 7 16 1 1.50 1 15 7 2.52\ 1.02
9 5 16 2 1.74 1 3 18 3.55 181

10 10 3 11 2.08 0 4 20 3.67 1.58

11 5 16 3 1.83 2 14 7 243 060

12 11 11 2 1.25 2 10 12 2.83 1.58

13 10 10 4 1.50 2 9 13 2.92 1.42

14 1 11 11 2.87 0 8 16 3.33 0.46

Avg 2.08 Avg 3.12

15 No=11 Yes=13 |Bewise, Girl Power, S&Efair, Museums

16 9.5

17 pyramid=4 friction=3 lever=2 learning new things=3

civil eng=1 projmg3 all of it=6 making stuff=1
18 no=16 yes, pyramid building=2
more activities=3 more time per wkshp=1
19 yes=19 maybe=2 no=3
20|yes=23 no=1




main

15..-"-:-:.||uni:eer5

Workshop

instruch ons

ast years
Lasty

Raytheon| ExonMobil

http://kahure.sdsu.edu/~rian/EE/

Youarevisitor #

286
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0rkshops

@ Projed Management Workshop
@& Medanical Advantage Workshop
@ Flow in aReservoir Workshop

@& Pyramid Building Workshop

@ Friction Workshop

These workshops were designed and copyrighted by the San
Diego County Section of the Society of Women Enginee's.
You may replicate these only if they arefor non-profit
programs. The use of these workshopsfor profit is grictly
forbidden.

http://kahura.sdsu.edu/~rian/EE/workshops.htm 6/24/02
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E Project Management Wor kshop J

This workshop is desigred to develop the stucents' ability to balance abudgetand | @ Building a pyramid -
a schedule when managing a project such as building a pyrarid. A computer Presentation
progamis used to test various different schemes for optimizing the amount, form (pptfile)

and cost of materials used, as well as the labor force needed to construct the . _
pyramid. A DOS-based program can be downloaded that attomates the & Building apyramid -
calculations 2 that the students need only reasonthrough their choices in order to
mangge thar pyramid-building project. Cwil engineers emnory have to make
these types of decisions whenmanaging aconstruction project, and computer

Hypatia's Helper

& Building a pyramid -

= engineers are often called upan to create software that can be sed to help meke

“ e these dedisions.

T chart

S

/. BULDINGAPYRAVID | word
i 1 html

" Canyou bild apyramid that is 70 meters tall in 250days with 1,000,000

vl S tuts’ & Building apyramid -
You are gven: example
1 Desired Height of the Pyramid (in meters) . word
' ABudggt (in “tuts” - our version of Egyptian morey) . html

1 ASchedlle (in days)
You will need to choose:

1 Building Materials (stone brick9

1 Laborers (to transport materials and build structure)
Can you do it? How?
HYPATIA'S HELPER

This computer program can help you wih the calculatiors you ned to build the
pyramid. To run, dauble-click on the Hhelper icon.

If you would like to check Hypatia’s hdper, or perform this workshap yourself, the
calculations are listed below. In general, all calculatiors will try to overestimate,
rather than uncerestimate the values for schedule aral budget. Therefore, in
performing all calculations yourself, round up ayremaincer.

1. Youare gventhe desired height of the pyraid. In order to calculate the
it P amount of buildingmaterial you need, you must know the volume of the
pyramid. We assume tha the angle d the edes of the pyramid fromthe

http://kahura.sdsu.edu/~rian/EE/projects_management_workshop.im 6/24/02
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base is 45°. Then,
Volume= ((Area of Base) x (Height))/3

2. The pyramidis macke of equd sized bricks which may be either large or
small.
Small bricksare Imx Imx 2m @ n®) and cost 1 tut
Large bricksare 2mx 2mx 3m (L2m?) and cost 4 tuts

To calculate the number of bricks divide the total pyramid volume by the
volume of the brick (either large or small). Round up any remainder.

3. The bricksmust be transpated from thestone quarty to the pyramid site.
There ae two types of latorers available: walkers and cart drivers.
Walkers carry 2 e of material (1 small bricK), take 5 days per trip, and cost
1 tut/trip.
Cart drivers arry 36 e (3large bricky, take 1 dg per trip, and cost 30
tuts/trip.

NOTE: There is a big demand for bricktranspaters ard there are only 200
cart drivers and 1000 walkers availale at any time.

Number of trips needed = Volume of pyramid/\Volume of trip load
Cost of workers needed = Number of trips xCost per trip

Time to transport materials = (Number of tips/Available workers) x
Time per trip

* Tuts are a fictituaus unit of money devised for this workshop. In reality, the
Egyptiars did not have a system of currercy but instead used the barter sygemto
transact goods and services.

http://kahura.sdsu.edu/~rian/EE/projects_management_workshop.im 6/24/02



PROJECT MANAGEMENT:
BUI LDING A PYRAMI D

Your teamisin charge
of designing and
building a pyramid f or
Queen Hat shepsut .
The Queen asks you:

| ]

Can you build a pyramid that is 70 meters tall in
250 days with 1,000,000 tuts?

You are given:
* Desired Height of the Pyramid (in meters)

* A Budget (in“tuts” - our versiono f Egyptian
money)

* A Schedule (in days)

You wil need to choose:
» Building Mat erials (st one bricks)

e Laborers (totransport materials and build
structure)

Can you do it ? How?



This comput er program can help you with the calculations youn eed to build the pyramid.
To run, double- click on the Hhelper icon.

| f you would like to check Hypatia's helper, or perform this workshop yours elf, the
calculations are listed below. I n general, d calculations wil try too verestimate, rather

thanun derestimate the values fors chedule andb udget. Thereforei n performing a
calculations yours elf , round up any remainder.

1. You are given the desired height of the pyramid. | no rder to calculate the amount of
building mat erial youn eed, you must know t he volume of the pyramid. We assume that he
angle of thee dges of the pyramid fromthe base is 45°. Then,

v Volume= ( Area of Base) x (Height) /3
“eiQ*VI\

Base

2. The pyramid is made of equal sizedb ricks, which may bee ither large ors mdl .
Smd bricks are Imx Imx 2m (2 m3) and cost 1tut
Large bricks are 2m x 2m x 3m (12 m®) and cost 4 tuts

To calculate the number of bricks, divide the total pyramid volume by the volume of the
brick (either large ors mal ). Round up any remainder.

3. The bricks must be transported fromthe stone quarry to the pyramid site. There are
two types of laborers available: walkers and cart drivers.

Walkers carry 2 m® of material (1smal brick), take 5 days per trip, and cost 1tut/trip.
Cart drivers carry 36 m3 (3 large bricks), take 1 day per trip, and cost 30 tuts/trip.

N OTE: There is abig demand for brick transporters and there are only 200 cart drivers
and 10000 walkers available at any time.

Number of trips needed = Volume of pyramid/Volume of trip load
Cost of workers needed = Number of trips x Cost per trip
Time totransport materials =

(Number of trips/ Available workers) x Time per trip

4. Find y, workers are needed to build the pyramid.
Pyramidb uilders can place 12 m?® of material per day,
and cost 1tut/day.

Number of builders needed: Volume of pyramid/ 12 m3
Cost of builders: Number of builders x Cost per
builder




GETTINGSTARTED

1. Describe your project goal n your notebook.

Example: “The goal of this project isto build a pyramid
50 mtal in 80 days for 400,000 tuts.”

2. Determine how much material you wil need.

Use Hypatia’'s helper, the computer program, tog uide you through the
calculations. Use the mouse to double clicko nthe Hhelper icon to launch
the program. Record al information and decisions in your notebook.

3. Use achartt orecord al of the information you

gat her before you makey our final project decisions.
Past e a blank chart into your notebook with tape, fil inthe blanks with
the results of the calculations from Hypatia’s helper.

. Project Management: Building a Pyramid
Example: ) . 9am
Pyramid 50 m Pyramid 333328 m?
Height: Volume:

Building Smal bricks
Materials # needed Cost / brick Total Cost

166,664 |1 tut 166,664 t Your entries wil

Large bricks | be made where

# needed Cost / brick Total Cost L.

27,778 |4 tuts 111,112 t the red writing
Laborers Builders iss hOWn

# needed Cost /worker | Total Cost
27,778 1 tut/day [27,778 t

Walkers

r ips needed | Cost/t ip Total Cost Time/ Trip | Total Time
166,664 1tut 166,664 t 5days |80 days
Catt Drivers

r ips needed | Cost/t ip Total Cost Time/ Trip | Total Time
9260 30 tuts 277,800t |1day 46 days

4. Determine if you can build the pyramid within
the schedule and budget you were given.
Add upthetotal cost for dl al owable combinations of materials and

wor kers. Compare total cost and total time with budget and schedule.
For thee xample shown in the chart above, the pyramid can be built in
80 days for 400,000 tuts if small bricks and walkers are used.



WRAP-UP

Socanyo ufulfil the Queen'srequest?|f so, write out exactly what you
would need in your not ebook, put a box around the answer. | f not, what if
your budget were increased by 20%? Or your schedule was doubled?
Then, could you do it? Record the information in your not ebook.

Congratulations! You have completed your first pyramid building project!

Youca n probably see now that hisis avery simplee xample of the types
of decisions you would need to make as a project manager. Was it as easy
as you thought ?

To make this problem simple, we made several assumptions in the
calculations. One of them was to assume the pyramid is complet ely solid.
We know this is not exactly cor ect, but he volume of the internal
passages is typically less than 5% of the total soit is reasonable to leave
this out of the calculation.

As an engineer, part of your job is making
reasonablea ssumptions about your project.
Canyou thinko f any ot her assumptions we
made in t his workshop? Were they reasonable?
Record your thoughts on this inyou r notebook.




Ot her Possible Questions

Each team would have a sl ghtly diff erent
guestion.

Can you build a pyramid that is 60 meters tall in
90 days with 650,000 tuts?

Can you build a pyramid that is 55 meters tall in
100 days with 500,000 tuts?

Can you build a pyramid that is 60 meters tall in
150 days with 625,000 tuts?

Can you build a pyramid that is 65 meters tall in
110 days with 1,000,000 tuts?

Can you build a pyramid that is 70 meters tall in
200 days with 200,000 tuts?

Can you build a pyramid that is 75 meters tall in
160 days with 1,500,000 tuts?

Can you build a pyramid that is 65 meters tall in
180 days with 800,000 tuts?

Can you build a pyramid that is 55 meters tall in
65 days with 600,000 tuts?



For Comparison

The Great Pyramid of Giza is 145 meters tall
and was buit in 10,950 days (30 years).

The Empire State Building is 443 meters tal
and was buit in 410 days.

The Eiff el Tower is 300 meters tal and was
built in 780 days.



Project Management: Building a Pyramid

Pyramid Pyramid
Height: Volume:
Bui ding Smal bricks
Materials # needed Cost / brick Total Cost
Large bricks
# needed Cost / brick Total Cost
Laborers Bui ders
# needed Cost /worker | Total Cost
Walkers
trips needed | Cost/trip Total Cost Time/ Trip | Total Time
Cart Drivers
trips needed | Cost/trip Total Cost Time/ Trip | Total Time




Project Management: Building a Pyramid

Pyramid 50 m Pyramid 333328 m?
Height: Volume:
Bui ding Smal bricks
Materials # needed Cost / brick Total Cost
166,664 1tut 166,664 t
Large bricks
# needed Cost / brick Total Cost
27,778 4 tuts 111,112 t
Laborers Bui ders
# needed Cost /worker | Total Cost
27,778 1 tut/day | 27,778 t
Walkers
trips needed | Cost/trip Total Cost Time/ Trip | Total Time
166,664 |1 tut 166,664t |5days |80 days
Cart Drivers
trips needed | Cost/trip Total Cost Time/ Trip | Total Time
9260 30 tuts | 277,800t |1day |46 days
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Mechanical Advant age W or kshop

This workshop is designed to develop an intuitive understanding of the use of a
lever to provide mechancal advantage for lifing heavy objects.

Equations that explain this principle are thenintroduced to dlow the students to
predct exactly how much force (weight) is needed to lift an object wih a known
weight, dependng on the pasition of the pivot along thelever's lengh.

1. Hrst, let's demonstrate the basic mncept of a lever. Try lifting apersonwith
the pvot in different positiors.

2. Now kt's e havthetheory works For static equilibrium, the state we
must achieve in order to liftan olect on one end of the lever, the
“moments” must be balarnced.

Moment = Force (or weight) x distance along the lever from pivot
point

M=F*r

ML=M2 g FIfl=F2%2 g F2=r2k1*F1

S0, with the pivat in the certer, how much des it ke to lift 20
Ibs? (20 Ibs)

3. Now, move the pivot to the net paosition, how much weight does it take
now?
(L:2 ratio between rl arl r2 — should take 10 lbs to lift 201bs, however it
only takes 7 Ibs)
Does this agree with the predicted F2? (No)

Why na?

It is because the lever is unbdanced. A1 fod lergth d the wood is 2.57 Ibs.
If you correct for this urbalanced lever by adding the weight due to the
length difference does the calculation work out?

4. Nowtry it for the net lever position. Can you predict what wil happen?

http://kahura.sdsu.edu/~rian/EE/medanicd_advantage workshop.him

Page 1 of 2

Mechanical Advantage -
Presentation (ppt.fil €)

Lever Chart

1 word

1 html

Lever Chart Example
1 word

i html

6/24/02
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MECHANI| CAL ADVANTAGE:
Using alever to lift heavy objects

The Egyptians used several tools for building the
pyramids that used mechanical advantage to help
lift heavy stones and ot her objects off the ground.

]
These tools include
e ramps : sliding up an incline is easier than lifting

|

e pul eys : pulley bearss ome of the load

/)

]

* levers : pivot reduces load needed to lift object

]

Reproduce only with permission of
Karen May-Newman, Societ yof
Women Enaineers San Dieao Countv




DEMONSTRATION OF A LEVER

1. Demonstrate the general principle of the lever

Try lifting somet hing heavy with the pivot point inthe three diff erent
locations. What did you find? Note observ ations inn ot ebook.

2. Calculations: this behavior can be described with a simplee quation:
W XR =W, xR,
which can be used to calculate W,, the weight needed to lift the heavy
object W . Forit his,
W, =W, xR/R,
So, we can measure R, and R, for each pivot point, and predict how much

weight W, is needed with W, =20 Ibs. Begin a chart in your notebook
that looksi ke the example on t he next page.

3. Measurements: with aweight of 20 Ibs for W, predict the W,
needed to balance the lever to the others ide. Measure W, by adding
weights to the other side and see how close the measured and predicted
values are. Does this method work for a pivot positions?

4. Corrections: if not, what do you think is wrong? What happens when
you place thep ivot in either position B or Cwith no weight for W,? Why
do you think this happens? Record your ideas inyou r not ebooks.

Reproduce only with permission of
Karen May-Newman, Societ yof
Women Enaineers San Dieao Countv



Example Dat a Chart

Mechanical Advantage: Lifting Heavy Objects

WOOD | M/C | Units Formula

Length M | Inch 5

Weight M | Oz. 16.0

Weight C | Lbs =Weight (Oz.)/ 16 1.0

Density C | Lbs/ =Weight (Lbs)/ 0.20
inch Length

LEVER | M/C | Units Formula Pivot A Pivot B Pivot C

Ry M I nches 30

R, M I nches 30

R/ R, C =R, R 1.0

W, M Lbs. 30

W, C Lbs. =(R/Ry) x Wy 30

W, M | Lbs. 2

R>-Ry C Inches | = R,-Ry 0

W ,"eod C | Lbs. = Density x (Ro-Ry) 0

W, NEW C | Lbs W, -W ol )

Enter your numbers in theye llow rectangles.
M=Measure t he valuey ours elf, C=Calculat e usingnu mbers you areg iven or have measur ed

Reproduce only with permission of
Karen May-Newman, Societ yof
Women Enaineers San Dieao Countv



LEVER DEMONSTRATI ON (Cont.)

5. Corrections: the reason the pivot ilts without any weight is
because the lever itself is not balanced. When it is longer on one side
than the other, it is also heavier on that side to begin with, so that
extraweight must be subtracted fromthe prediction. You must now
calculate thee xtr aweight of the longers ide of the lever.

(a) Measure the length ola smal piece of wood

(b) Weigh the smal piece on a scale

(c) Calculate the density= (Weight/length)

(d) Calculate thee xtralength =(R,-R)

(e) Calculate the weight of extra wood,
W,"*’=(Density x extra length)

6. Corrections:

Now recalculate W, ~ and compare this to the W, you measured
before. | sit much closer than without using the cor ection? It
should be!

NEW

W, = (R/R, x W) - W,"™

7. Predictions:

Youca n continue to test your predictions byu sing ot her weights f or
W ,. However, if youn eed to add weightsto W, the formulaf or
predicting this should be modified to:

W, = R/Ry x W,

Whel’e WlNEW — WloLD +W1ADD

Reproduce only with permission of
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Mechanical Advantage: Lifting Heavy Objects

WOOD | M/C | Units For mula

Length M I nch

Weight M Oz.

Weight C Lbs =Weight (0z.)/ 16

Density C Lbs./ =Weight (Lbs)/
inch Length

LEVER M/ C | Units For mula Pivot A Pivot B Pivot C

R; M I nches

R, M I nches

R/ R, C =R, R,

W, M | Lbs. _

W, C | Lbs. =(RJ/Ry) X W,

W, M | Lbs. _

Ry-Ry C Inches | = R;-R;

W, ood C | Lbs. = Density x

(Re-Ry)
W, NEW C |Lbs W, -W,"ood

Enter your numbers in theye I ow rectangles.
M=Measur e t he value your self, C=Calculat e using f or mulas and numbers measured



Mechanical Advantage: Lifting Heavy Objects

WOOD M/ C | Formula Units

Length M I nch 5
Weight M Oz. 16 .0
Weight C =Weight (0z.)/16 | Lbs 1.0
Density of | C =Weight (Lbs)/ Lbs./ 0.20
Wood (C) Length inch

LEVER M/ C | Formula Units Pivot 1 Pivot 2 Pivot 3
Ry M I nches 30
R; M I nches 30
R/ R, C =R . R 1.0
W, M Lbs. 30
W, C |=(R/R)XxW, Lbs. 30
W, M Lbs. 2
R>-R; C =Ry-R; I nches 0
W, C | =Density x (R-Ry) | Lbs. 0
w, NEW C W, -W,"o Lbs 2

Enter your numbers in the yel ow rectangles.
M=Measur e the value your self, C=Calculat e usingnu mbers you areg iven or have measur ed
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Flow in a Reservoir Workshop

HOW LONG DOES IT TAKETO HLL AREERVOIR?

Dstribute (or have the team leader distribute) graph paper and conversiontable. Tell themas they cme in that
the gaph paper is for themto do some math on.

My name is , and 'ma civil engineer, and since today is a day of engneering, Id like to know
what you think ergineers do. Can | seesome hands?

Engineers dan't exactly build things. Engineers are the ones who ptithe ideas for bulding something down on
paper. They draw exactly how big it shauld be and dso desaibe it wih words, thenthey give it to the bilders.
Chwil engineers design biildings androads and bridges and dams and resenvoirs and fipelines. \Whenever you
drive down the road axl see all these things, it was probably a civil ergineer. Everything that youseein the world
was probably designed by an egineer.

In this workshop, we're going to talk abaut water and math and how engineers use math to learn things about
water. | needyouto pay attention to what we do, because & the el of the workshop, I'mgoing to ask youwhat
you learned. And I'd also like you to paticipate as much a you can duringthe workshap, because you willget a
sticker for your lab notebodk, and at the end there will be prizes for the ones with stickers.

Hirst, let's go backto anciert Egypt. You probably know from your classes that there was a river that wert through
Egypt. Can anyonetell me the name of tat river?

It hardly ever rained in Egypt, so the peofde were completely dgpendeant on the Nik for everything in their lives.
Can anyonetell me what the ancient Egyptians might have usedthe Nile for?

Drinking water, bathing, irrgating their crops, boats, etc.

Every year at the same time, the Nie flooded the country where the peoge lived. They would dig ditches to
channel the water to their fields, and to lakes to store it for the rest of the year for their uses.

Southern Californialis knd d like artient Egypt because we hardly have ary rain, either. But every time you turn
on thefaucet in your hause, water comes out, right? Where do you think the water comes fronT?

(Some wil say oceans, rivers, lakes)

Yes, the water comes from the Coloradb River. (Show vater distribution map). Here is the Colorado River. The
water comes fromthe river through big pipes all the way to San Dego. The pipes are huge, as tall as this room.
You can walk through these ppes withaut berding aver. The water is gored in lakes like Lake Murray, which you
drove pat as you came here today. The water is deaned and then it goes to your house in sialler pipes.

We carit bring big pipes into this room today, but we can use smealler pipes to show you how engineers work wih
water. WWe're going to use a piece of equipment called a flometer write “flowmeter” on dry wipe board) and an
equation.

Whenever engineers talk abou water moving through pipes or in a ditch or chamel, they @l it "the flow.” When
they talk abaut how fast water flows, they @l it the "flowrate.” We have a funny ablreviation for the flow rate. It's

http://kahura.sdsu.edu/~rian/EE/flow_workshop.Hm 6/24/02
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caled the"Q." The equation for the flowrate is this: write it onthe board. Q=V , t. V stands for volume (write it:
V =volume) and t stands for time (wite it: t=time).

Hold up empty gallon water jug. How muchis this? (Theyl say "a gallon.") For this expeaimert, were going to
measure the water in gallons. (White "gallons” after thevolume). Were going to measure the time in seconds.

This equation has three pas. The flowmeter wil tell you the first part, he Q, and you are going to measure the
volume and the time. We Il measure the volume in a bucket and the time wih astopwatch. Were going to
measure the volume in gallors pa mnue. (Wite it) Engineers dant like writing lorg terns like “gallons per
minute” all the time, so they use abbreviations. What do you think would be a good albreviation for galons per
minute? (White it)

So let s go over to the sink where the flowmeter is. Leave your books and papea's on the taldes for now.

So tha everyonecansee lets have some of you kneel doan in front, ard the rest of you gather arournd behind
them

This flometer mright look cmplicated bt s really nd. | mgoing to show you exactly how t works andthen
youre goingto work it yourselves. Dont be afraid to wse it, because you cant hut it. The worst thing that can
happen is that we might get a litle wet, but that wont be so bad on a hot day like this.

The water comes out of the faucet into this tube, and it gaes into this cyinder. How many of you have bento the
Del Mar fair? You know the game where you shoot thewater gun d thetube andthe ball rises up? (At tis point,
they are nodding) Well, this flowmeter worksjust thesame way. So you can see tha there is sa@ence at the fair,
thesame kind of sderce that engineers use. The presaure d thewater causes the silver diskto rise, andthen the
water goes out of the cylinder throughthis tube. Then the flow splits, and one tube goes into the sink andthe other
tuke goes into the beket.

(At some pant, ask themto estimate hav bngit will take to fill the bucket 1o a gallon. Explain about estimating,
and that this is somethingthat engineers do.)

So let s asdgn some jobs to eah of you. Thisis howergineers doit. Everyone has ajob andwe dl work asa
team Well have two timers, a bucket watcher, a faucet adjuster, tvo valve workers, and two recorders. (Athalean
explains and demonstrates to thewhole goup how the stopwatch works, how the numbers onthe far light are less
than a second, the middie numbers are the seconds, ard the numbers on the left are the minues. While she
demonstrates this and shows them on the conversion talle howto convert it to desimal minutes, | tumn onthe
faucet andshow thefaucet adjuster howto line the diskupto 0.8 gpn. Then | have he stand backand showthe
valve workers how to turn the valves on and off. Explain how the valve lines up wih the tube whenit s open and
how ts perpendicular to the tube whenits dosed Run both valves into the sink first) See how this oneison anl
this one is off? Were going to have you turn this one off and this ore on. You needto do this at the exact same
time. Well practice this first in aminute. What 1l say is "On you mark, get set, go™ and when | say go, youll
swich over at the exact same time. Are you ready to practice? OK. On your nark, get set, go. Great! You guys
are agoodteam! (If it doesnt work, they |l belaughing. You can say that this is why we work as a team, but that
this happens all the time wih emgineers. You just start over again, ardits no big ded) (Then pactice with the
timers. When everyone feds omfortable, do it for red, with the onein the bucket. Askthe bucket watcher to gve
everyone awarning when it ges dose to the one gallon mark.) For this time, were gang tofill the bucket to 4
quarts. How many gallons is that? OK, therecorders should write down tha the volume is one gallon  (Ask the
faucet adjuster to tell the groupwhat the Qis.) The recorders should write down the Q. (When the buclket is at 1
gallon, the bucket watcher yells gop. Have the timers go to the conversion chart and read off the deimel

minutes) The recorders $hould write down that the time is ) (Doit again wih the flowmeter set at
1.2 gen Askthemif they notice something different abaut the flowthis time. They |l say it s bigger or stronger.

http://kahura.sdsu.edu/~rian/EE/flow_workshop.Hm 6/24/02
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Askthemwhy-flow B bigger.)

OK lets go backto the tables. (We didnt have time to do the math to compare theflowmeter Q with their
calculated Qs, but tha may be too tedious anyway)

We ve just seen that it takes about how brg tofill the bucket? (Abaut aminute) (Hold up drinking cup.) If we tried
tofillthis aupwith water and measure it in minutes, what do you think would happerf? (It woud overflow) So what
unit of ime doyou think would be better to measure the flow into thecup? (Seconds) (Hold up gallon jug) And
what unts of ime did we use for the gallon? So if we wanted to measure the water flow nto Lake Murray, doyou
think we would use seconds? Minutes? What? (Theyll come upwith hours, days weeks or years) Well use
daysfor Lake Murray.

Engineers dant want to sit and watch Lake Murray fill up, but they an use this same eayation to calculate hav
long it will take. Were going to pretendto be engineers and do that right now,

Lets look at that equation again. Before, we knewtheQ fomthe flowmeter, and we measured the volume and
thetime. (Point to each varialde) Now | am going to give youthe Q andthe volume ard youre going to solve for
time. (Point to each varialde) But first, we have to get time by itself. (Athalean explains reciprocals and cross
cancelling, andwrites exarmples on the board, using examples.) Now ve have time by itself, so write this equation
inyour ndelooks And were ready to do thecalculation. Before we dathe calculation, let me hear some
estimates as to how brg it might take to fill the resenvorr.

The volume of Lake Murray is 1,500,000,000 gallons. (Wtite V =1,500,000,000 g8

The flowrate, Qis 12,000,000 gallons per day. (Wite it, explaining theshatcut, gpd). These are really big
numbers, but engineers have some more shatcuts that make the math really easy; just like we did a few minutes
ago. (Wite V/Q and show them how to carcel the zeroes. White thelong divisionsign and askwhich number
goes under the sign and which number is the divisor. White them, then have them do the math, wih the help of the
teamleaders, if necessary. Give themafew minues. Tell themto raise their hand when they have the answer.
The team leader will checkit and gve thema sticker. When everyone has it, have themall call tou. Say tha if
youre nat finished that s OK, you can finish the math later.)

(Comnrent on how brg 125 daysis, ard how close it was to any of their estimates.)

That s all were going to do in this workshop  Does anyone hae any questions about what we did in the workshop,
or abou wha engineers do?

OK;, now I mgoing to askwhat you learned in the workshap. (Youmay have to remind them-the egations, the

definition of fow, wha a flonmeter is, etc. Say something like, theyre going to make great ergineers, and send
themto the next workshop.)
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The Great Pyramid

King Khufu's Tomb
Thisproject isdedicated to the proposition that
The Great Pyramid isarational

(in the mathematical sense)
structure, designed and built by normal people.

Building Your Own Great Pyramid

http://www.hsepb.com/SWE/engegypt/PY RMDIMS/PY RAMID.HTM 6/24/02



SWE -San Diego Engineering Egypt Pyramid Dimensions Workshop

(scde: 1 cm/10 meters)
This activity assumes a knowledge of the Pythagorean Theorem.

The Pythagorean Theorem states:

In aright triangle, with sidesa and b,and hypdenuse c, then cz=a+b2. A right triangleisa
triangle with oreright ange (an ange of 90°). Itshypaenuse isthe side oppasite the right
ange.

1. What are the dimensions of the square that is the base of The Great Pyramid?
Determine the dimensions of the base of your pyramid.
Fill in here: Draw the base on you paper.

2. Mark the midpants of the four sides of the base and draw two faint guidelines
aaoss your pyramid floor.

3. What isthe height of The Great Pyramid? Determine the height of your pyramid.
Fill in here: Pyramid Height =

4. Next figure out the dimensions of the sides of your pyramid. Use the Pythagorean
Theorem to find the height of the triangles that are the sides of your pyramid.
Fill in here: Side Triangle Height =

5. On you paper mark the paints that will become thetop d your pyramid.

6. Draw the linesthat define the triangles that will become the sides of your pyramid.
(Youwill probably have to draw one of the sides sparately on you paper.)

7. Youwill need to make a separate triangle that will show the inside of the pyramid.
What will i t's dimensions be? Draw thistriangle.

8. Cut out your three shapes.
9. Gluethe Red CrossSection pictureto you inside triangle.

10. Fold andtapeto assmble.

http://www.hsepb.com/SWE/engegypt/PY RMDIMS/PY RAMID.HTM
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"I was perplexed by the fad that over 100,000 people worked on the Pyramid, yet the mathematics in the design remained a searet for
so long. | now know that they did it with atall pole mounted nea the center of the unfinished Pyramid. With ropes tied to this pole the regular
workers could positi on stones acairately but have no ideaof the math behind it. | believe thisis where the May pde festival started.”

©;1986-2000, Terrance G. Nevin
last time updated 1/16/2000

Excerpted from "http://www.al oha.net/~hawmtn/pyramid.htm"
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Friction Wor kshop

How did the ancient Egyptians build without modern technology?

Introduction
Have you ever tried to build a miniature stonefort wih rocks? How do you keep the rockstogether? Imagine
having livedin anciert Egypt wih very litle resources. How could you have gathered the rocksto build a pramid
wihout cars or cranes?
Today we are goingto experiment with different methods of how stores culd be moved given theresouces
available in ancient Egypt times. We will experiment with different surface compositions to seeif different
materials may reduce friction. If friction is reducedthen the number of people required to move the store would
also be reduced.
Materials

1 One 1@b bag of four

1 Concrete block

1 String

1 One 4long 1"-X-12" board

1 Shbricks

1 Gravel

1 Sand

1 Spring scale

1 Variety of dowels

Procedure

1. Make atable similar to that shoan infigure 1 in your notebook. (Engneers often use tables to record the
data fourd so that it is organized and easy for anybody to read.)

2. Hillout the prediction column of your talde with what you think wil ocaur wih eah trial.
3. Release the object down the board.

4. Record theforce it takes to first lower thenraise the object at constant speed usingthe springscle in the
observation colummn d your table.

5. Replace the sackof flour wih the corcrete blockandrepeat steps 2-3.

http://kahura.sdsu.eduw/~rian/EE/friction_workshop.hm 6/24/02



New Page 2 Page 2 of 2
6. Spread sand on the ramp andrepeat steps 2-3.
7. Spread gravel on the ramp and repeat steps 2-3.

8. Place the dowels on the ramp and repeat steps 2-3.

Hgure 1. Table for organzing data collected.
Conclusions

1. Hillout the conclusion column in your table from the data you observed. For instance which method
worked the bet to reduce friction.

2. \What factors did not affect the amourt of force needed to move the olect?

3. Question for thowght: What kinds of companies or professors might be interested in finding waysto
reduce frictionto move things?

Developed from Newton s Apple found at
http:/Mvwwpbs.org/ktca/newtons/14/incaengineer06 htmi
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