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        DR#  111  

Project Title: Engineering Egypt in the 21st Century Date:   6/6/02   

Project Manager: Karen May-Newman   Section:  San Diego County 

Email :  kmaynewm@mail .sdsu.edu   Phone: 619-594-5652  

Deliverables:  Indicate type (i.e. document, web page, brochure, etc.), title, and media (hard 
copy, email file, disk, etc.) 

 Photographs, web site           

              

Select the one pr imary Strategic Pr ior ty this project addressed: 
� �  Leadership            � �  Education           � �  Diversity             � �  Visibil ity             � �  Vitality 

SWE Committees to which this report and deliverables would be of interest: 

� �� Career Guidance 
� �� Continuing Devel. 
 

� �� Public Relations 
� �� Publications 
� �� Membership 

� �� MultiCultural Committee 
� �� Other: ________________ 
 

Project Audience (age, sex, diversity)    Female:    X     Male:   
   Age Group              No. Actual/Proposed                Diversity                       No. Actual/Proposed 
�   Elementary 

�   Middle School 
�   High School 
�   College 
�   Professional 
�   Other _______ 
Contact Hrs:    

 /  
 25/50  
 /  
 /  
 /  
 /  
per attendee 

�   Caucasian 
�   African American 
�   Hispanic 
�   American Indian 
�   Pacific Islander 
�   Asian 
�   Other __________ 

 10/  
 2/  
 10/  
 /  
 /  
 1/  
 2/  
 /  

SWE Volunteers (No.)   15_           Estimated Total Hours:     220  

Non-SWE Volunteers (No.)   5          Estimated Total Hours:    30  

Amount of Grant: $5600  Total Final Expenses: $5154.00  Amount SWE Owes You:  $114     
  -or- 
  Amount You Owe SWE:   

Executive Summary:  A short summary of what the Project was and what it accomplished. 
 

Engineering Egypt is an educational outreach program in which seventh- and eighth-grade 
students participate on teams with SWE professionals and college students in five hands-on 
workshops designed to demonstrate simple engineering principles used by the ancient Egyptians. 
All workshops involve applying the tools of measurement and mathematics to understanding a 
basic physical principle. Students also receive information on the opportunities and rewards of an 
engineering career from a variety of mentors and role models. The workshops can all be 
reproduced without any specialized equipment from instructions on a website developed using 
this grant (http://www.engineering.sdsu.edu/~kmn/engegypt.html). 
http://attila.sdsu.edu/maynewman/engegypt.html. The innovative program combined with the low 
replication cost should encourage a wider dissemination, further leveraging the value of the 
financial support provided by the Exxon-Mobil Foundation. 
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Final Report for Program DR111: Engineering Egypt in the Twenty-First Century 
Submitted by Karen May-Newman 
June 2002 
 
 
Recognition of SWE and the Donor 
 
SD-SWE used every possible opportunity to recognize the sponsors and volunteers that made 
Engineering Egypt possible. The website 
(http://www.engineering.sdsu.edu/~kmn/engegypt.html) li sts the sponsors on the home page for 
Engineering Egypt, and includes links to each of the sponsors’ websites. An article was 
published in the SWE-SD newsletter thanking sponsors and volunteers, a copy of which is 
included in the appendix. A press release was written and approved by SWE National for the 
event, but despite sending this to all l ocal news, radio and television stations, was not printed. At 
the SWE-SD annual banquet in May, the keynote speech was focused on Student Outreach, and 
event sponsors were recognized in that presentation. 
 
Description of Event 
 
The event was held on Saturday, April 28, 2001 from 9am-3pm at the University of San Diego. 
Twenty-five students and over twenty SWE and non-SWE volunteers participated. Each student 
performed five hands-on workshops, and received a t-shirt, “ lab” notebook, Hewlett-Packard 
calculator, SWE-imprinted ruler and measuring tape, as well as other sponsor-donated goodies. 
The calculators, rulers and measuring tapes were used to perform measurements and calculations 
in the workshops.  
 
The event began with a short inspirational speech from “Hypatia” , a SWE-SD member (Nicole 
Haskins-Hafer, a software engineer) clothed in Egyptian-style garb. Hypatia told the students 
how miraculous today’s technology would be perceived by an ancient Egyptian, and how much 
of it is based on simple concepts and calculations that the Egyptians were familiar with. She 
urged the students to pay close attention to the workshop leaders, and be on their best behavior. 
Muff ins and orange juice were served during the speech, and afterward the students were divided 
into teams of 4 students. Each team was led by two SWE-SD volunteers - some were engineering 
professionals and some were college students. The teams rotated through the five 40-minute 
workshops, completing three before the lunch break and two after. The five workshops included 
in the program are: 

·  Designing and building pyramids out of construction paper using the Pythagorean 
theorem 

·  Managing a pyramid construction project using a simple computer program 
·  Learning how a lever creates a mechanical advantage which can be used to li ft heavy 

objects 
·  Using sand and gravel to reduce sliding friction of blocks 
·  Learning about the relationship among flow, volume and time for water in pipes as 

applied to reservoir design 
 
During a lunch of pizza and juice, SWE-SD volunteers engaged the participants in discussions 
about careers in engineering, highlighting what they did during a “typical” day. Local college 
engineering students also discussed their courses and activities, emphasizing the rewards of their 
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particular discipline. After all the workshops had been completed, event coordinator Karen May-
Newman, a professor of mechanical engineering at San Diego State University, encouraged 
students to study math and science in preparation for a career in engineering, and mentioned 
several opportunities for students interested in pursuing this path. Students completed a needs 
assessment after the event that paralleled a version administered before the event, in order to 
assess how much students had learned.  
 
 
Measured Results 
 
Despite confirming applications for 37 applicants, several students from the Girl Power program 
did not show up to the event. However, those 25 girls that did attend thoroughly enjoyed the 
program and received more one-on-one attention due to the large number of volunteers. 
Comments were generally favorable from the participants, and a written needs assessment 
administered at the beginning and again at the end of the event evaluated what the students 
learned, as well as suggestions for improvement.  
 
The detailed results of the needs assessment are presented in the appendix. 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 subject covered in one of the workshops as “Poor” , “Fair” , “Good”, or 
“Excellent” . Numerical scores were assigned to these ratings and the average scores compared. 
All areas showed improvement, with five subject areas improving by two entire categories (i.e., 
“Fair” to “Excellent” ). Additional questions were added to the final questionnaire, which showed 
the students rated it a 9.5 on a scale of 10, and all but one would recommend it to their friends. 
Why? “Because it is a good experience and educational” – and fun, too! 
 
 
Deliverables 
 
The deliverables from the event include the website, which has a detailed description of how to 
perform each of the workshops. See: 
http://www.engineering.sdsu.edu/~kmn/engegypt.html 
 
This website will continue to be refined in order to improve the abili ty of other program 
coordinators to replicate the program elsewhere.  
 
The event was thoroughly documented by a professional photographer, and 5 x 7 prints are 
included in the appendices. Additionally, the photographs were scanned and two CDs containing 
these photos, organized by workshop, are included in the package of deliverables. SWE-SD will 
retain the negatives in case additional prints are needed. Please contact Karen May-Newman, 
program coordinator, for additional reprints. 
 
Lessons learned, problems and future plans 
 
The strongest aspect of our program was the development of the individual workshops. Detailed 
plans for creating the workshop materials, as well as suggestions for presenting the workshops to 
students are listed on the website, as described above. Unfortunately, the weakest aspects of the 
program were student recruitment and publicity. We found that it was difficult to find a useful 
network for the middle-school age group, and we had instead to rely on individual contacts of 
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counselors, teachers and after-school coordinators. Our discussions following the event included 
trying to redesign the program for the elementary school (5th-6th grade) age group, and using the 
Girl Scouts as a network to recruit students into the program. We feel that will give us “more 
bang for the buck” , with many students for the small amount of effort needed to disseminate 
information to this network. Further improvement of our public relations would help raise 
community awareness of the program and SWE, and next time we plan to use our sponsors’ 
media contacts to help get the word out about our event. 
 
This year, we are taking a hiatus from Engineering Egypt, and instead are partnering with several 
other organizations to create Expanding Your Horizons, an event aimed at introducing science, 
engineering and math careers to 500 or more junior-high and high school students. This event 
will be held next October in San Diego. By leveraging the abiliti es of several organizations 
together, such as AWIS, EEOC, AAUW, together with SWE, we hope to have a bigger impact 
on the local community. Those of us participating from SWE also hope to make contacts to help 
us recruit students and draw more public attention to our future outreach efforts. 
 
Expenses 
 
The overall budget for the event came in under the original projects, saving approximately $450. 
Significant savings were gained by using the University of San Diego, which did not charge us 
any fees. We also sought good value for our refreshments and saved a considerable amount in 
that category. Unfortunately, these savings were balanced by unprojected expenditures for 
storing the large Egyptian decorations as well as purchasing a professional-style display booth 
for our registration process. The detailed budget is shown on the next page. In summary, we have 
used $5164 of the original $5600 allotted to this project under this grant program.  
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Engineering Egypt in the Year 2001 
SWE-San Diego County Section 

 
 
Final Budget 
 
Actual monetary costs 
          $  

Maili ngs, postage        240 
 Facili ty rental             0 
 Workshops (consumable supplies)      682 
 Food (light breakfast, lunch, healthy snacks)               575 
 T-shirts (75 with 3-color design)      850 

 Imprinted measurement device      642 
 Truck rental to transport Egyptian decorations  1208 
 Refreshments for volunteer meetings      242 
 Consultant for web page design      420 
 Photographer         595 
 Booth        1000 

 Total:                 $6454 
 
Donated items  
 
  Calculators from Hewlett-Packard             $1000 
     50 calculators @ $20 each 
  Bags from  
   
Volunteer time             $10,000  
 
  250 hours @ $40/hour (what a bargain for trained engineers!) 
 
 
Donations from local corporate sponsors     
 Raytheon        $ 800 
 Cymer        $ 200 
 Qualcomm       $ 300 

 Total:                  $1300 
 
Net Cost to be covered by SWE / Exxon-Mobil Grant  $5154 
 
ORIGINAL GRANT TOTAL     $ 5600 
RECEIVED FROM SWE / Exxon/Mobil Corp   $ 5040   
AMOUNT REMAINING TO BE RECEIVED   $  114 
 
  

 



Name__________________________ 
ENGI NEERI NG EGYPT I N  THE 21ST C ENTURY 
SOCI ETY OF WOMEN  ENGI NEERS 
APRIL 28, 200 1 
 
1. List three things you think an engineer does on a daily basis: 

 

2. What is the most important skill you need to have as an engineer 

 

3. Give some examples of different types of engineering: 

 

4. What does an engineering project manager do? 

 

5. How do engineers use computers to help them do their work? 

 

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

 

7. Can you give two examples of devices that provide a “mechanical advantage”? 

 

8. What is friction? 

 

9. What can you do to make it easier to push a heavy block up a ramp? 

 

10. What is the Pythagorean theorem? 

 

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

 

12. What is flow? 

 

13. What measurements do you need to figure out how long it will t ake to fill a reservoir? 

 

14. Do you think math is important in other careers besides engineering? If so, li st some examples: 

 

 



Additional Questions 

15. Have you attended other science workshops, classes, or events outside of school, 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 on a scale of 1 to 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 you think a career in engineering, math or science is a possibili ty 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 1.81

10 10 3 11 2.08 0 4 20 3.67 1.58
11 5 16 3 1.83 2 14 7 2.43 0.60
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



  

        

 

PLEASE  
REGISTER  

HERE 

You are visitor #  
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 Project Management Workshop  

 Mechanical Advantage Workshop 

 Flow in a Reservoir Workshop 

 Pyramid Building Workshop 

 Friction Workshop 

These workshops were designed and copyr ighted by the San 
Diego County Section of the Society of Women Engineers.  
You may replicate these only if they are for non-profit 
programs. The use of these workshops for profit is str ictly 
forbidden.

Page 1 of 1New Page 2
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       Pr oj ect Management  Wor kshop    

This workshop is designed to develop the students' ability to balance a budget and 
a schedule when managing a project such as building a pyramid. A computer 
program is used to test various different schemes for optimizing the amount, form 
and cost of materials used, as well as the labor force needed to construct the 
pyramid. A DOS-based program can be downloaded that automates the 
calculations so that the students need only reason through their choices in order to 
manage their pyramid-building project. Civil engineers commonly have to make 
these types of decisions when managing a construction project, and computer 
engineers are often called upon to create software that can be used to help make 
these decisions. 
 
 
BUILDING A PYRAMID 

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

You are given:  

l  Desired Height of the Pyramid (in meters)  

l  A Budget (in “tuts” - our version of Egyptian money)  

l  A Schedule (in days)  

You will need to choose:  

l  Building Materials (stone bricks)  

l  Laborers (to transport materials and build structure)  

Can you do it? How?  

HYPATIA’S HELPER  

This computer program can help you with the calculations you need to build the 
pyramid. To run, double-click on the Hhelper icon.  

If you would like to check Hypatia’s helper, or perform this workshop yourself, the 
calculations are listed below. In general, all calculations will try to overestimate, 
rather than underestimate the values for schedule and budget. Therefore, in 
performing all calculations yourself, round up any remainder.  

1. You are given the desired height of the pyramid. In order to calculate the 
amount of building material you need, you must know the volume of the 
pyramid. We assume that the angle of the edges of the pyramid from the 

 Building a pyramid - 
     Presentation 
(ppt.file) 
 

 Building a pyramid -
  
     Hypatia's Helper 
 

 Building a pyramid -
  
     chart 

l word  

l html  

 Building a pyramid -
  
     example  

l word  

l html 
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base is 45°. Then,   
Volume= ((Area of Base) x (Height))/3       
                

2. The pyramid is made of equal sized bricks, which may be either large or 
small. 
Small bricks are 1m x 1m x 2m (2 m3) and cost 1 tut 

Large bricks are 2m x 2m x 3m (12 m3) 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 bricks must be transported from the stone quarry to the pyramid site. 
There are two types of laborers available: walkers and cart drivers. 
Walkers carry 2 m3 of material (1 small brick), take 5 days per trip, and cost 
1 tut/trip. 
Cart drivers carry 36 m3 (3 large bricks), take 1 day per trip, and cost 30 
tuts/trip. 
 
NOTE: There is a big 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 to transport materials = (Number of trips/Available workers) x 
Time per trip    

* Tuts are a fictituous unit of money devised for this workshop. In reality, the 
Egyptians did not have a system of currency but instead used the barter system to 
transact goods and services.  
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PROJ ECT MANAGEMENT: 
BUI LDI NG A  PYRAMI D

Can you build a pyr amid t hat is 70 met er s t all in 
250 days wit h 1, 000, 000 t ut s?

You ar e given:

• Desir ed Height of t he Pyr amid (in met ers )
• A  Budget (in “t ut s” - our ver sion o f Egypt ian 
money)
• A  Schedule (in days)

You will need t o choose:
• Building Mat er ials (st one br icks)

• Labor er s (t o t r anspor t mat er ials and build 
st r uct ur e)

Can you do it ? How?

Your t eam  is in char ge 
of designing and 
building a pyr amid f or 
Queen Hat shepsut . 
The Queen asks you: 



This comput er pr ogr am  can help you wit h t he calculat ions you n eed t o build t he pyr amid. 
To r un, double- click on t he Hhelper icon.
I f you would like t o check Hypat ia’s helper , or per f or m  t his wor kshop yours elf , t he 
calculat ions ar e list ed below. I n gener al, all calculat ions will t r y t o o ver est imat e, r at her 
t han un der est imat e t he values f or s chedule and b udget . Ther ef or e, i n per f or ming all 
calculat ions yours elf , r ound up any r emainder .

1.  You ar e given t he desir ed height of t he pyr amid. I n o r der t o calculat e t he amount of 
building mat er ial you n eed, you must know t he volume of t he pyr amid. We assume t hat t he 
angle of t he e dges of t he pyr amid f r om  t he base is 45°. Then,

Volume= (( Ar ea of Base) x (Height )) / 3

2. The pyr amid is made of equal sized b r icks, which may be e it her lar ge or s mall . 
Small br icks ar e 1m  x 1m  x 2m  (2 m3) and cost 1 t ut

Lar ge br icks ar e 2m  x 2m  x 3m  (12 m3) and cost 4 t ut s
To calculat e t he number of br icks, divide t he t ot al pyr amid volume by t he volume of t he 
br ick (eit her lar ge or s mall ). Round up any r emainder .

3.  The br icks must be t r anspor t ed f r om  t he st one quar r y t o t he pyr amid sit e. Ther e ar e 
t wo t ypes of labor er s available: walkers and car t dr ivers .
Walkers car r y 2 m3 of mat er ial (1 small br ick), t ake 5 days per t r ip, and cost 1 t ut / t r ip.
Car t dr ivers car r y 36 m3 (3 lar ge br icks), t ake 1 day per t r ip, and cost 30 t ut s/ t r ip.
N OTE: Ther e is a big demand f or br ick t r anspor t ers and t her e ar e only 200 car t dr ivers 
and 10000 walkers available at any t ime.

Number of t r ips needed = Volume of pyr amid/ Volume of t r ip load
Cost of wor ker s needed = Number of t r ips x Cost per t r ip
Time t o t r anspor t mat er ials = 

(Number of t r ips/ Available wor kers ) x Time per t r ip          

HYPATI A’S HELPER

4.  Finall y, wor kers ar e needed t o build t he pyr amid. 
Pyr amid b uilders can place 12 m3 of mat er ial per day, 
and cost 1 t ut / day.

Number of builders needed: Volume of pyr amid/ 12 m3

Cost of builders : Number of builders x Cost per 
builder

Base

Height
45°



GETTI NG STARTED
1. Descr ibe your pr oj ect goal i n your not ebook.

Example: “The goal of t his pr oj ect is t o build a pyr amid 

50 m  t all in 80 days f or 400 ,000 t ut s.”

2.  Det er mine how much mat er ial you will need.
Use Hypat ia’s helper , t he comput er pr ogr am, t o g uide you t hr ough t he 
calculat ions. Use t he mouse t o double click o n t he Hhelper icon t o launch 
t he pr ogr am. Recor d all inf or mat ion and decisions in your not ebook.

3.  Use a char t t o r ecor d all of t he inf or mat ion you 
gat her bef or e you make y our f inal pr oj ect decisions. 
Past e a blank chart int o your not ebook wit h t ape, f ill in t he blanks wit h 
t he r esult s of t he calculat ions f r om  Hypat ia’s helper .
Example: 

4.  Det er mine if you can build t he pyr amid wit hin 
t he schedule and budget you wer e given.
Add up t he t ot al cost f or all all owable combinat ions of mat er ials and 

wor ker s. Compar e t ot al cost and t ot al t ime wit h budget and schedule. 
For t he e xample shown in t he char t above, t he pyramid can be built in 
80 days f or 400,000 t ut s if small br icks and walker s ar e used.

Your ent r ies will 
be made wher e 
t he r ed wr it ing 
is s hown

Pr oj ect Management : Building a Pyr amid

Pyr amid 50 m Pyr amid 333 328 m 3

Height : Volume:

Building Small br icks

Materials #  needed Cost / br ick Tot al Cost

166 ,664 1 t u t 166 ,664 t
Lar ge br icks

#  needed Cost / br ick Tot al Cost

27 ,778 4 t u t s 111 ,112 t
Labor ers Builders

#  needed Cost / worker Tot al Cost

27 ,778 1 t u t / d a y 27 ,778 t
Walkers

tr ips needed Cost / tr ip Tot al Cost Time/ Tr ip Tot al Time

166 ,664 1 t u t 166 ,664 t 5 d a ys 80 d a ys
Cart Dr ivers

tr ips needed Cost / tr ip Tot al Cost Time/ Tr ip Tot al Time

926 0 30 t u t s 277 ,800 t 1 d a y 46 d a ys



WRAP-UP
So can yo u f ulf ill t he Queen’s r equest ? I f so, wr it e out exact ly what you 
would need in your not ebook, put a box ar ound t he answer . I f not , what if 
your budget wer e incr eased by 20%? Or your schedule was doubled?
Then, could you do it ? Recor d t he inf or mat ion in your not ebook.

Congr at ulat ions! You have complet ed your f ir st pyr amid building proj ect ! 
You ca n pr obably see now t hat t his is a ver y simple e xample of t he t ypes 
of decisions you would need t o make as a pr oj ect manager . Was it as easy 
as you t hought ?

To make t his problem  simple, we made several assumpt ions in t he 
calculat ions. One of t hem  was t o assume t he pyr amid is complet ely solid. 
We know t his is not exact ly corr ect , but t he volume of t he int er nal 
passages is t ypically less t han 5%  of t he t ot al, so it is r easonable t o leave 
t his out of t he calculat ion. 

As an engineer , par t of your j ob is making 
r easonable a ssumpt ions about your pr oj ect . 
Can you  t hink o f any ot her assumpt ions we 
made in t his wor kshop? Wer e t hey r easonable? 
Recor d your t hought s on t his in you r not ebook.



Ot her Possible Quest ions
Each t eam  would have a sli ght ly diff er ent 
quest ion.

Can you build a pyr amid t hat is 60 met er s t all in 
90 days wit h 650 , 000 t ut s?

Can you build a pyr amid t hat is 55 met er s t all in 
100 days wit h 500, 000 t ut s?

Can you build a pyr amid t hat is 60 met er s t all in 
150 days wit h 625, 000 t ut s?

Can you build a pyr amid t hat is 65 met er s t all in 
110 days wit h 1, 000, 000 t ut s?

Can you build a pyr amid t hat is 70 met er s t all in 
200 days wit h 200, 000 t ut s?

Can you build a pyr amid t hat is 75 met er s t all in 
160 days wit h 1, 500, 000 t ut s?

Can you build a pyr amid t hat is 65 met er s t all in 
180 days wit h 800, 000 t ut s?

Can you build a pyr amid t hat is 55 met er s t all in 
65 days wit h 600 , 000 t ut s?



For Compar ison

The Gr eat Pyr amid of Giza is 145 met er s t all 
and was buil t in 10, 950 days (30 year s).

The Empir e St at e Building is 443 met ers t all 
and was buil t in 410 days.

The Eiff el Tower is 300 met er s t all and was 
built in 780 days.



Pr oj ect Management : Building a Pyr amid 
 

Pyr amid  Pyr amid  

Height :   Volume:   

    

Buil ding  Small br icks   

Materials #  needed Cost / br ick Tot al Cost  

    

 Lar ge br icks   

 #  needed Cost / br ick Tot al Cost  

    

Labor er s Buil ders    

 #  needed Cost / wor ker  Tot al Cost  

    

 Walker s     

 t r ips needed Cost / t r ip Tot al Cost  Time/ Tr ip Tot al Time 

      

 Car t Dr iver s     

 t r ips needed Cost / t r ip Tot al Cost  Time/ Tr ip Tot al Time 

      

 



Pr oj ect Management : Building a Pyr amid 
 

Pyr amid 50 m  Pyr amid 33 3328 m 3 

Height :   Volume:   

    

Buil ding  Small br icks   

Materials #  needed Cost / br ick Tot al Cost  

 166 ,664  1 t u t  166 ,664 t  

 Lar ge br icks   

 #  needed Cost / br ick Tot al Cost  

 27 ,778  4 t u t s 111 ,112 t  

Labor er s Buil ders    

 #  needed Cost / wor ker  Tot al Cost  

 27 ,778  1 t u t / d a y  27 ,778 t  

 Walker s     

 t r ips needed Cost / t r ip Tot al Cost  Time/ Tr ip Tot al Time 

 166 ,664  1 t u t  166 ,664 t  5 d a ys 80 d a ys 

 Car t Dr iver s     

 t r ips needed Cost / t r ip Tot al Cost  Time/ Tr ip Tot al Time 

 92 60  30 t u t s 277 ,800 t  1 d a y  46 d a ys 

 



 
 
 
 
 

 

 

 

 

        Mechanical Advant age Wor kshop    

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

Equations that explain this principle are then introduced to allow the students to 
predict exactly how much force (weight) is needed to lift an object with a known 
weight, depending on the position of the pivot along the lever's length. 

1.      First, let’s demonstrate the basic concept of a lever. Try lifting a person with 
the pivot in different positions.  

2.      Now let’s see how the theory works. For static equilibrium, the state we 
must achieve in order to lift an object on one end of the lever, the 
“moments” must be balanced.  

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

M = F * r  

M1 = M2  g�    F1*r1 = F2*r2  g�    F2 = r2/r1 * F1  

So, with the pivot in the center, how much does it take to lift 20 
lbs? (20 lbs)  

3.      Now, move the pivot to the next position, how much weight does it take 
now?  
(1:2 ratio between r1 and r2 – should take 10 lbs to lift 20 lbs, however it 
only takes 7 lbs)  
Does this agree with the predicted F2? (No)  
 
Why not?  

It is because the lever is unbalanced. A 1 foot length of the wood is 2.57 lbs. 
If you correct for this unbalanced lever by adding the weight due to the 
length difference does the calculation work out?  

4.  Now try it for the next lever position. Can you predict what will happen? 

 Mechanical Advantage - 
     Presentation (ppt.file) 
 

 Lever Chart 

l word  

l html  

 Lever Chart Example 

l word  

l html 
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MECHANI CAL ADVANTAGE: 
Using a lever t o lif t heavy obj ect s

The Egypt ians used sever al t ools f or building t he 
pyr amids t hat used mechanical advant age t o help 
lif t heavy st ones and ot her obj ect s off t he gr ound. 

These t ools include
• r amps : sliding up an incline is easier t han lif t ing

• pull eys : pulley bears s ome of t he load

• lever s : pivot r educes load needed t o lif t obj ect

h
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DEMONSTRATI ON  OF A  LEVER

1. Demonst r at e t he gener al pr inciple of t he lever :
Tr y lif t ing somet hing heavy wit h t he pivot point in t he t hr ee diff er ent 
locat ions. What did you f ind? Not e observ at ions in n ot ebook.

2. Calculat ions: t his behavior can be descr ibed wit h a simple e quat ion:

W1 x R1 = W2 x R2

which can be used t o calculat e W2, t he weight needed t o lif t t he heavy 
obj ect W1. For t his,

W2 = W1 x R1/ R2

So, we can measur e R1 and R2 f or each pivot point , and pr edict how much 
weight W2 is needed wit h W1 = 20 lbs. Begin a char t in your not ebook
t hat looks li ke t he example on t he next page.

3.  Measur ement s: wit h a weight of 20 lbs f or W1, pr edict t he W2

needed t o balance t he lever t o t he ot her s ide. Measur e W2 by adding 
weight s t o t he ot her side and see how close t he measur ed and pr edict ed 
values ar e. Does t his met hod wor k f or all pivot posit ions?

4.  Cor r ect ions: if not , what do you t hink is wr ong? What happens when 
you place t he p ivot in eit her posit ion B or C wit h no weight f or W1? Why 
do you t hink t his happens? Recor d your ideas in you r not ebooks.

g

R1
R2

W1

W2

ABC
1

2
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Example Dat a Char t

Mechanical Advant age: Lif t ing Heavy Obj ect s

WOOD M/ C Units For mula

Lengt h M I nch 5

Weight M Oz. 16 .0

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

Densit y C Lbs./
inch

= Weight (Lbs)/
Lengt h

0.20

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

R1 M I nches 30

R2 M I nches 30

R1/ R2 C = R1 ¸
�  R2 1.0

W1 M Lbs. 30

W2 C Lbs. = (R1/ R2) x W1 30

W2 M Lbs. ?

R2-R1 C I nches = R2-R1 0

W2
wood C Lbs. = Densit y x (R2-R1) 0

W2 
NEW C Lbs W2  -W2

wood
?

Ent er your numbers in t he ye llow r ect angles.
M=Measur e t he value y ours elf , C=Calculat e using nu mbers you ar e g iven or have measur ed
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5.  Cor r ect ions: t he r eason t he pivot t ilt s wit hout any weight is 
because t he lever it self is not balanced. When it is longer on one side 
t han t he ot her , it is also heavier on t hat side t o begin wit h, so t hat 
ext r a weight must be subt r act ed f r om  t he pr edict ion. You must now 
calculat e t he e xtr a weight of t he longer s ide of t he lever .

(a)  Measur e t he lengt h of a small piece of wood
(b)  Weigh t he small piece on a scale
(c)  Calculat e t he densit y = (Weight / lengt h)
(d)  Calculat e t he e xt r a lengt h = (R2-R1)
(e)  Calculat e t he weight of ext r a wood, 

W2
wood=(Densit y x ext r a lengt h) 

6. Cor r ect ions:
Now r ecalculat e W2

NEW and compare t his t o t he W2 you measur ed 
bef or e. I s it much closer t han wit hout using t he corr ect ion? I t 
should be!

W2
NEW = (R1/ R2 x W1) - W2

wood

7.  Pr edict ions:
You ca n cont inue t o t est your pr edict ions by u sing ot her weight s f or 
W1. However , if you n eed t o add weight s t o W1, t he f ormula f or 
pr edict ing t his should be modif ied t o:

W1
NEW = R2/ R1 x W2

NEW

wher e W1
NEW = W1

OLD + W1
ADD

LEVER DEMONSTRATI ON  (Cont . )



Mechanical Advant age: Lif t ing Heavy Obj ect s 
 

WOOD M/ C Unit s For mula  

Lengt h M I nch   

Weight  M Oz.   

Weight  C Lbs = Weight (Oz.)/ 16  

Densit y  C Lbs./  
inch 

= Weight (Lbs)/  
Lengt h 

 

LEVER M/ C Unit s For mula Pivot A Pivot B Pivot C 

R1 M I nches     

R2 M I nches     

R1/ R2 C  = R1 ¸  R2    

W1 M Lbs.     

W2 C Lbs. = (R1/ R2) x W1    

W2 M Lbs.     

R2-R1 C I nches = R2-R1    

W2
wood C Lbs. = Densit y x 

(R2-R1) 

   

W2 NEW C Lbs W2  -W2
wood    

       

Ent er your number s in t he ye ll ow r ect angles.  
M=Measur e t he value your self , C=Calculat e using f or mulas and number s measur ed 



Mechanical Advant age: Lif t ing Heavy Obj ect s 
 

WOOD M/ C For mula Unit s  

Lengt h M  I nch 5 

Weight  M  Oz. 16 .0 

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

Densit y of 
Wood (C) 

C =Weight (Lbs)/  
Lengt h 

Lbs./  
inch 

0.20 

LEVER M/ C For mula Unit s Pivot 1 Pivot 2 Pivot 3 

R1 M  I nches 30    

R2 M  I nches 30    

R1/ R2 C = R1 ¸�  R2  1.0   

W1 M  Lbs. 30    

W2 C = (R1/ R2) x W1 Lbs. 30    

W2 M  Lbs. ?   

R2-R1 C = R2-R1 I nches 0   

W2
wood C = Densit y x (R2-R1) Lbs. 0   

W2 NEW C W2  -W2
wood Lbs ?   

       

Ent er your number s in t he yell ow r ect angles.  
M=Measur e t he value your self , C=Calculat e using nu mber s you ar e g iven or have measur ed 



 
 
 
 

 

 

 

 

   Flow in a Reser voir Wor kshop  

HOW LONG DOES IT TAKE TO FILL A RESERVOIR? 

  Distribute (or have the team leader distribute) graph paper and conversion table.  Tell them as they come in that 
the graph paper is for them to do some math on.  

My name is _______________, and I'm a civil engineer, and since today is a day of engineering, I'd like to know 
what you think engineers do.  Can I see some hands?  

Engineers don't exactly build things.  Engineers are the ones who put the ideas for building something down on 
paper.  They draw exactly how big it should be and also describe it with words, then they give it to the builders.  
Civil engineers design buildings and roads and bridges and dams and reservoirs and pipelines.  Whenever you 
drive down the road and see all these things, it was probably a civil engineer.  Everything that you see in the world 
was probably designed by an engineer.  

In this workshop, we're going to talk about water and math and how engineers use math to learn things about 
water.  I need you to pay attention to what we do, because at the end of the workshop, I'm going to ask you what 
you learned.  And I'd also like you to participate as much as you can during the workshop, because you will get a 
sticker for your lab notebook, and at the end there will be prizes for the ones with stickers.  

First, let's go back to ancient Egypt.  You probably know from your classes that there was a river that went through 
Egypt.  Can anyone tell me the name of that river?  

It hardly ever rained in Egypt, so the people were completely dependent on the Nile for everything in their lives.  
Can anyone tell me what the ancient Egyptians might have used the Nile for?  

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

Every year at the same time, the Nile flooded the country where the people 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 California is kind of like ancient Egypt because we hardly have any rain, either.  But every time you turn 
on the faucet in your house, water comes out, right?  Where do you think the water comes from?  

(Some will say oceans, rivers, lakes)  

Yes, the water comes from the Colorado River.  (Show water distribution map).  Here is the Colorado River.  The 
water comes from the river through big pipes all the way to San Diego.  The pipes are huge, as tall as this room.  
You can walk through these pipes without bending over.  The water is stored in lakes like Lake Murray, which you 
drove past as you came here today.  The water is cleaned and then it goes to your house in smaller pipes.  

We can't bring big pipes into this room today, but we can use smaller pipes to show you how engineers work with 
water.  We're going to use a piece of equipment called a flowmeter (write "flowmeter" on dry wipe board) and an 
equation.  

Whenever engineers talk about water moving through pipes or in a ditch or channel, they call it "the flow."  When 
they talk about how fast water flows, they call it the "flow rate."  We have a funny abbreviation for the flow rate.  It's 
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called the "Q."  The equation for the flow rate is this:  write it on the board.  Q = V ̧  t.  V stands for volume (write it:  
V = volume) and t stands for time (write it:  t = time).  

Hold up empty gallon water jug.  How much is this?  (They� ll say "a gallon.")  For this experiment, we� re going to 
measure the water in gallons.  (Write "gallons" after the volume).  We� re going to measure the time in seconds.  

This equation has three parts.  The flowmeter will tell you the first part, the Q, and you are going to measure the 
volume and the time.  We� ll measure the volume in a bucket and the time with a stopwatch.  We� re going to 
measure the volume in gallons per minute.  (Write it)  Engineers don� t like writing long terms like "gallons per 
minute" all the time, so they use abbreviations.  What do you think would be a good abbreviation for gallons per 
minute?  (Write it)  

So let� s go over to the sink where the flowmeter is.  Leave your books and papers on the tables for now.  

So that everyone can see, let� s have some of you kneel down in front, and the rest of you gather around behind 
them.  

This flowmeter might look complicated but it� s really not.   I� m going to show you exactly how it works, and then 
you� re going to work it yourselves.  Don� t be afraid to use it, because you can� t hurt it.  The worst thing that can 
happen is that we might get a little wet, but that won� t be so bad on a hot day like this.  

The water comes out of the faucet into this tube, and it goes into this cylinder.  How many of you have been to the 
Del Mar fair?  You know the game where you shoot the water gun at the tube and the ball rises up?  (At this point, 
they are nodding)  Well, this flowmeter works just the same way.  So you can see that there is science at the fair, 
the same kind of science that engineers use.  The pressure of the water causes the silver disk to rise, and then the 
water goes out of the cylinder through this tube.  Then the flow splits, and one tube goes into the sink and the other 
tube goes into the bucket.  

(At some point, ask them to estimate how long it will take to fill the bucket to a gallon.  Explain about estimating, 
and that this is something that engineers do.)  

So let� s assign some jobs to each of you.  This is how engineers do it.  Everyone has a job, and we all work as a 
team.  We� ll have two timers, a bucket watcher, a faucet adjuster, two valve workers, and two recorders.  (Athalean 
explains and demonstrates to the whole group how the stopwatch works, how the numbers on the far right are less 
than a second, the middle numbers are the seconds, and the numbers on the left are the minutes.  While she 
demonstrates this and shows them on the conversion table how to convert it to decimal minutes, I turn on the 
faucet and show the faucet adjuster how to line the disk up to 0.8 gpm.  Then I have her stand back and show the 
valve workers how to turn the valves on and off.  Explain how the valve lines up with the tube when it� s open and 
how it� s perpendicular to the tube when it� s closed.  Run both valves into the sink first)  See how this one is on and 
this one is off?  We� re going to have you turn this one off and this one on.  You need to do this at the exact same 
time.  We� ll practice this first in a minute.  What I� ll say is "On your mark, get set, go," and when I say go, you� ll 
switch over at the exact same time.  Are you ready to practice?  OK.  On your mark, get set, go.  Great!  You guys 
are a good team!  (If it doesn� t work, they� ll be laughing.  You can say that this is why we work as a team, but that 
this happens all the time with engineers.  You just start over again, and it� s no big deal)  (Then practice with the 
timers.  When everyone feels comfortable, do it for real, with the one in the bucket.  Ask the bucket watcher to give 
everyone a warning when it gets close to the one gallon mark.)  For this time, we� re going to fill the bucket to 4 
quarts.  How many gallons is that?  OK, the recorders should write down that the volume is one gallon.  (Ask the 
faucet adjuster to tell the group what the Q is.)  The recorders should write down the Q.  (When the bucket is at 1 
gallon, the bucket watcher yells stop.  Have the timers go to the conversion chart and read off the decimal 
minutes)  The recorders should write down that the time is ___________.)   (Do it again with the flowmeter set at 
1.2 gpm.  Ask them if they notice something different about the flow this time.  They� ll say it� s bigger or stronger.  
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Ask them why--flow is bigger.)  

OK, let� s go back to the tables.  (We didn� t have time to do the math to compare the flowmeter Q with their 
calculated Q� s, but that may be too tedious anyway)  

We� ve just seen that it takes about how long to fill the bucket?  (About a minute)  (Hold up drinking cup.)  If we tried 
to fill this cup with water and measure it in minutes, what do you think would happen?  (It would overflow)  So what 
unit of time do you think would be better to measure the flow into the cup?  (Seconds)  (Hold up gallon jug)  And 
what units of time did we use for the gallon?  So if we wanted to measure the water flow into Lake Murray, do you 
think we would use seconds?  Minutes?  What?  (They� ll come up with hours, days, weeks, or years)  We� ll use 
days for Lake Murray.  

Engineers don� t want to sit and watch Lake Murray fill up, but they can use this same equation to calculate how 
long it will take.  We� re going to pretend to be engineers and do that right now.  

Let� s look at that equation again.  Before, we knew the Q from the flowmeter, and we measured the volume and 
the time.  (Point to each variable)  Now I� am going to give you the Q and the volume and you� re going to solve for 
time.  (Point to each variable)  But first, we have to get time by itself.  (Athalean explains reciprocals and cross 
cancelling, and writes examples on the board, using examples.)  Now we have time by itself, so write this equation 
in your notebooks.  And we� re ready to do the calculation.  Before we do the calculation, let me hear some 
estimates as to how long it might take to fill the reservoir.   

The volume of Lake Murray is 1,500,000,000 gallons.  (Write V = 1,500,000,000 gal) 

The flowrate, Q is 12,000,000 gallons per day.  (Write it, explaining the shortcut, gpd).  These are really big 
numbers, but engineers have some more shortcuts that make the math really easy, just like we did a few minutes 
ago.  (Write V/Q and show them how to cancel the zeroes.  Write the long division sign and ask which number 
goes under the sign and which number is the divisor.  Write them, then have them do the math, with the help of the 
team leaders, if necessary.  Give them a few minutes.  Tell them to raise their hand when they have the answer.  
The team leader will check it and give them a sticker.  When everyone has it, have them all call it out.  Say that if 
you� re not finished, that� s OK, you can finish the math later.)  

(Comment on how long 125 days is, and how close it was to any of their estimates.)  

That� s all we� re going to do in this workshop.  Does anyone have any questions about what we did in the workshop, 
or about what engineers do?  

OK, now I� m going to ask what you learned in the workshop.  (You may have to remind them--the equations, the 
definition of flow, what a flowmeter is, etc.  Say something like, they� re going to make great engineers, and send 
them to the next workshop.)  
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The Great Pyramid  

King Khufu's Tomb  

This project is dedicated to the proposition that  
The Great Pyramid is a rational  

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

 
 
 
 
 
 

  
 
 
 

Building Your Own Great Pyramid 
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(scale: 1 cm/10 meters)  
This activity assumes a knowledge of the Pythagorean Theorem.  

The Pythagorean Theorem states:  
In a right triangle, with sides a and b, and hypotenuse c, then c²=a²+b².   A right triangle is a 
triangle with one right angle (an angle of 90°).   Its hypotenuse is the side opposite the right 
angle. 

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 your paper.  
 

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

3. What is the 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 your paper mark the points that will become the top of your pyramid.  
 

6. Draw the lines that define the triangles that will become the sides of your pyramid.  
(You will probably have to draw one of the sides separately on your paper.)  
 

7. You wil l need to make a separate triangle that will show the inside of the pyramid.  
What will i t's dimensions be?____________________________    Draw this triangle.  
 
 

8. Cut out your three shapes.  
 

9. Glue the Red Cross-Section picture to your inside triangle.  
 

10. Fold and tape to assemble.  
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            "I was perplexed by the fact that over 100,000 people worked on the Pyramid, yet the mathematics in the design remained a secret for 
so long. I now know that they did it with a tall pole mounted near the center of the unfinished Pyramid. With ropes tied to this pole the regular 
workers could position stones accurately but have no idea of the math behind it. I believe this is where the May pole festival started." 

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

 

Excerpted from "http://www.aloha.net/~hawmtn/pyramid.htm" 
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        Fr ict ion Wor kshop    

How did the ancient Egyptians build without modern technology? 

Introduction  

Have you ever tried to build a miniature stone fort with rocks?  How do you keep the rocks together?  Imagine 
having lived in ancient Egypt with very little resources.  How could you have gathered the rocks to build a pyramid 
without cars or cranes?  

Today we are going to experiment with different methods of how stones could be moved given the resources 
available in ancient Egypt times.  We will experiment with different surface compositions to see if different 
materials may reduce friction.  If friction is reduced then the number of people required to move the stone would 
also be reduced.  

Materials  

l One 10-lb bag of flour  

l Concrete block  

l String  

l One 4�-long 1”-X-12” board  

l 5 bricks  

l Gravel  

l Sand  

l Spring scale  

l Variety of dowels  

Procedure 

1. Make a table similar to that shown in figure 1 in your notebook.  (Engineers often use tables to record the 
data found so that it is organized and easy for anybody to read.)  

2. Fill out the prediction column of your table with what you think will occur with each trial.  

3. Release the object down the board.   

4. Record the force it takes to first lower then raise the object at constant speed using the spring scale in the 
observation column of your table.  

5. Replace the sack of flour with the concrete block and repeat steps 2-3.  
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6. Spread sand on the ramp and repeat 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.  

 
Figure 1.  Table for organizing data collected.  

Conclusions 

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

2. What factors did not affect the amount of force needed to move the object?  

3. Question for thought:  What kinds of companies or professions might be interested in finding ways to 
reduce friction to move things?  

Developed from Newton�s Apple found at  
http://www.pbs.org/ktca/newtons/14/incaengineer06.html 
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