What is Engineering exam 2013
Due:  Friday noon, December 6, 2013 under my office door (Ames 509)
 Honor Code:

This exam must be worked on by you and you alone. You are welcome to search for any publicly-available materials that might be useful to you. But, you must not ask anyone else for guidance, help, or information. This includes TA’s, family, friends, and fellow students.  It also includes posting questions to ask.com, Yahoo.answers.com, and similar websites.  You are permitted to ask the instructor to clarify a problem; but don’t expect to get any information about how to proceed. 
Failure to comply with this Honor Code will result in a score of zero for the exam.

Please sign your name to indicate that you understand the rules and the consequences of not abiding by them. 

Print your Name: _______________________________________________________

Signature:   _____________________________________________ 

This page including your signature must be returned with your exam!!!

Please indicate the problems that you wish for us to grade by circling Y.  If you do not wish for us to grade the problem circle N.  If you do not circle anything below, the first 5 problems will be graded.
Grade?  Y  /  N  
Problem 1  ________/10      
Grade?  Y  /  N  
Problem 2  ________/10     
Grade?  Y  /  N  
Problem 3  ________/10     

Grade?  Y  /  N 
Problem 4  ________/10     
Grade?  Y  /  N  
Problem 5  ________/10     

Grade?  Y  /  N  
Problem 6  ________/10     
TOTAL =  ________/50
Answer 5 of the 6 problems below. Indicate which problems you want us to grade by circling “Y” on the first page of this exam.  If you do not indicate which problems you want to have graded, only the first five problems will be considered.
Neatness counts! We will not grade problems which we cannot read or follow.  If your handwriting is difficult to read, please consider typing your answers.

Start each problem on a new sheet of paper.  

Please write your name on the top of each sheet of paper.

Please number your pages. 
Completely Document Your Work!  You will not get credit for undocumented or unexplained answers. Show all your work and include citations (if appropriate)!


1)  Spaghetti bridges on two planets: Consider an equilateral truss (20cm on a side) in which each leg consists of just one strand of spaghetti.  If a 2mm diameter piece of spaghetti 10 cm long can hold 5kg in tension and begins to buckle at 50g in compression, what are the minimum diameters of spaghetti needed in the truss to hold 10kg?  What would those minimum diameters be if the truss were loaded with that same mass on Venus (in an air-conditioned room)?

2)  Ink transport: You want to manufacture an ink using three pigments red, green, and yellow dissolved in a combination of three solvents: water, methanol, and 2-propanol.  The idea is to use the correct proportions of the solvents so that the pigments will not separate from one another when it bleeds onto paper.  From paper chromatography experiments you have collected the following data:
	Solvent\Pigments
	red
	green
	Yellow

	water
	20%
	40%
	80%

	2-propanol
	30%
	70%
	50%

	methanol
	70%
	40%
	20%


Percentages reflect the amount the pigments travel compared to the solvents.
a)  First, do the simpler problem.  Assume you have ink comprised of only two pigment components (red and green) and two solvent components (water and 2-propanol).  Deduce the solvent percentages required to keep the pigment components together.

b)  Next, suppose that there are all three solvents, but only two pigments.  Deduce the proportions of solvents which will keep the two pigment components together.

c)  Finally, do the full problem:  three solvents, three pigments.  What proportions of solvents will keep the three pigments together? 
3)  Digital parity:  To partially ensure that digital data have been read correctly, each datum is often appended with a “parity bit”.  So an n-bit datum is actually n+1 bits long, the last of which is treated as the parity bit.  One possible criterion is that the n+1 bits must have an odd number of 1’s.  Using the circuit builder create a circuit out of AND, OR, and NOT gates that will generate the appropriate parity bit to be appended to the n-bit datum.
a)  Generate a circuit for n=3.

b)  Generate a circuit for n=4.

c)  Deduce how many logic gates would be necessary to calculate the parity bit for n=N.

[For a) and b), submit the output of Circuit Builder.]

4)   Questions to answer.  Consider dimensional/scaling arguments:  


a)  A grandfather clock keeps perfect time on earth with a meter-long pendulum.  If it is to keep perfect time on the moon, what should the length of the pendulum be?


b)  A “perfect” spaghetti truss has been constructed.  It holds 10kg.  Perfect means that each member in the truss is equally likely to fail when enough the maximum load is applied.  If that same truss were built again with every member having its diameter halved, how much would this new truss hold?  Explain.  If every member of the new truss had its diameter doubled, how much would the truss hold?  Explain.


c)  Why are the graphs of river flow and stock market prices typically presented as semi-log plots?


d)  Cookbooks cite minutes per pound cooking times for things like roasts and turkeys.  Is this a good way to estimate cooking time?  Explain.


e)  If a 20’ sailboat costs $20K, how much would you expect a comparably-equipped 30’ sailboat to cost?  Explain.

5)  Carbon footprint of ice cream in the U.S.:  First, list the factors—from cow to dish—that contribute to the carbon footprint of bringing ice cream to your dinner table.  Then, for each factor estimate what the carbon cost is for supplying the entire U.S. with ice cream.  You answer should be in CO2  tons/yr.  Compare your answer to the carbon footprint of a compact car.

6)   Water reservoir:  Below is a topographic map of a region to be used as a reservoir with the placement of the dam indicated by the bold line.  The overflow spillway of the dam will be built at an elevation of 1000’.  The peak at 1330’ is located at 38.70944N 122.2479W.  The peak at 1275’ is located at 38.70033N 122.2465W.  Once the dam is constructed it will begin being filled on Jan 1.  How many months will it take to fill the dam?  How many acre-feet of water will the reservoir hold?  Below also is a graph of water flow into the region.
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