Example final exam

Rules:  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.  That includes family, friends, and fellow students.  (You are permitted to ask your instructor to clarify a problem; but don’t ask him or her for advice on how to proceed.)  Neatness counts (we have to be able to read your answers.)  Please sign your name to indicate that you understand the rules and you will abide by them.



Signed

_________________________________

Do only 10 of the 13 problems!

SHOW YOUR WORK!    SHOW YOUR WORK!    SHOW YOUR WORK! 

1. [image: image1]Consider the pictured truss made from single strands of spaghetti of different diameters.  All lengths are 20cm except the horizontal ends:  they are 10 cm.   The heavier members are 4mm in diameter, the lighter members are 2mm in diameter.  A 

2 mm X 10 cm strand of spaghetti has a tensile strength of 5kg and an Euler buckling strength of 750gm.  If this truss is loaded from the loading platform, how much load would you expect this bridge to handle?  Where would it most likely break?  Defend your answer with calculations.  
2.  An estimation problem:  Some say that the U.S. would have fewer tornadoes if it adopted the British driving system:  driving on the left, rather than on the right. That’s because, in our current system, cars passing one another from opposite directions create cyclonic (counterclockwise) energy, rather than anticylonic (clockwise) energy. And tornadoes typically spin in the cyclonic direction.  Estimate how much cyclonic energy is created by passing cars and trucks in the U.S. over a year.  Assume that the energy in a vortex created by two passing vehicles is that of a rotating solid cylinder of air with rotational energy E=π ρ h r2 v2 /4, where ρ is the density of air, h is the height of the cylinder (i.e., the height of the vehicles), r is half the distance between the vehicles, and v is the velocity of the vehicles.  Since E ~ v2 , ignore the effect of city traffic where velocities are relatively low.  And, since the solid-body vortex approximation breaks down at large r, ignore vehicles passing at distances greater than 5 meters, i.e., ignore the vortical energy associated with vehicles passing on divided highways.  Finally, estimate and compare the rotational energy of all the U.S. tornadoes in a typical year.

3.  You have a zillion metric tons of industrial waste consisting of a mixture of iron filings, sawdust, salt, and sand.  Your task is to devise a practical process to separate the components for recycling.  Your separation process may consist of several steps.  Including a process diagram would be nice.  Your material is dry and consists of similarly-sized particles.
4.  Peter Pasteur (no relation to Louis) makes wine.  His wine cellar is always at a temperature of 12.78 deg C.  Being a little quirky, he would like to make wine with an alcohol concentration of exactly 12.78% (by weight).  Assuming that wine is essentially nothing more than alcohol and water, deduce what specific gravity he should be testing for at his cellar’s temperature.  If he distilled his wine in a two-step process, then approximately what specific gravity should he expect in the distillate at the same temperature?  Show your work!!
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You will need a pickup truck for your business for the next ten years.  At present you have $15,000 in cash; and you know you’ll be able to contribute $1000/mo for maintenance and/or finance payments.  At the end of ten years you sell your vehicle.
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What’s your best buying strategy for ending up with the most money?  Buy and keep a new truck for ten years?  Periodically buy a used truck?

Produce a cost analysis for your particular scenario.  What else should be included in your cost estimates?
Whatever your plan, estimate your worth at the end of ten years, and argue why your strategy is best.  Assume a financing rate of 5% APR.  Assume a 3% savings rate of invested money.

SHOW YOUR WORK!    SHOW YOUR WORK!    SHOW YOUR WORK!
6.   The concept of a “logarithmic scale” is important in characterizing many physical phenomena.

a)  Using this concept explain the following:  decibels, pH, the magnitude of stars, the Richter scale, and musical intervals.  In your explanations make sure you indicate the base on which the scale is created.  Why “logarithmic” as opposed to anything else?  
b)  Construct a slide-rule-like “square root” calculator from two sheets of paper.  Explain how it works and how to use it.  Turn in those sheets as your answer to this part of this question.

7)  Tobor the robot has two arms and two legs and a head. Each can be in one of two positions:  the arms and legs--forward or backward; the head—looking right or left. In order to keep balance, when one foot is to the front and the other is to the rear, Tobor’s corresponding arms must be in the opposite positions, and his head must look away from the arm in front. If both legs are forward (or backward) his arms must also be forward (or backward).  In these cases the position of his head doesn’t matter.  First, produce a truth table of the situation; then devise a logic circuit using AND, OR, and/or Not gates which will control Tobor’s arms and head depending on the positions of his legs.

8.  Design a wind-powered “whirligig” (look it up) of a professor riding a bicycle with a tophat that wobbles as he pedals.  Develop construction plans for this gadget, so that someone taking your plans could actually build it.  Presume your basic materials are thin plywood (or rigid cardboard) and stiff wire.  It’s OK to use additional materials, but make sure you list and/or describe them.  Consider smooth operation and aesthetics.
[image: image4.png]


9.  Describe five different ways to measure the area of a given maple leaf with an error not too exceed 0.1%.  Make sure that your description spells out exactly how you would achieve that accuracy.
An example maple leaf is shown.

SHOW YOUR WORK!    SHOW YOUR WORK!    SHOW YOUR WORK!

 10.  Trebla Einstein, the dorky brother of Albert was also a scientist, and he wrote equations in his own idiosyncratic way.  He would write each term on an individual piece of paper, then arrange those on a background sheet that contained the “+”,  “-“, and  “=” signs to spell out the equation.  Here’s an example:

 
  =                     +                    +              
Now, here’s the problem:  Trebla was working on three important equations when he was killed by a tornado that also scrambled his pieces of paper.  Below are the terms he was working with.  Your task is to figure out which terms comprise which equation.
The parameters are:


ρ – density of a material
F—force

g -- gravity

μ—viscosity


m – mass

h -- height

μf—friction coefficient
p—pressure

z – distance in z direction

θ --- angle (radians)

T –temperature
v – velocity





A -- area

vz – velocity in z direction
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11.  Below are verbal descriptions of five engineering materials.  Sketch the stress/strain behaviors of each and explain the material properties in terms of the stress/strain diagram.  

a) a very rigid material that easily shatters

b) an extremely rugged material that can suffer substantial blows without damage, e.g., a sledge hammer.

c) a crystalline material that exhibits work hardening, i.e., increased yield strength

d) a metallic material that can be easily extruded

e) a soft material with essentially no linear elastic region, e.g. putty

SHOW YOUR WORK!    SHOW YOUR WORK!    SHOW YOUR WORK!

12.   Below is a digital circuit using two quad NAND-gate 7400 TTL logic chips.  This circuit is used to switch on/off (output) electric power generation at a hydroelectric plant that has three turbines A, B, and C which may or may not be online (inputs).  Reverse engineer this circuit.  Produce a truth table then write a description of how the circuit is controlling power generation.
13.  You’ve heard of “pollution credits”:  Industrial plants that produce fewer pounds of pollutants than the maximum allowed by the government receive “credits” for being efficient.  These credits can then be sold to other corporations whose pollutant output exceeds government caps.   
Problem:  Farmers-R-Us (FRU) owns and operates a wastewater treatment plant [WWTP]. Located in the Chesapeake Bay Watershed, the facility has been given the following nutrient (pollutant) cap loads by the state regulatory agency:



Total Nitrogen (TN)


=

45,662 lbs/year



Total Phosphorus (TP)

=

6,088 lbs/year

The WWTP has a design capacity of 2.5 million gallons per day (MGD) and is currently discharging:




TN


=

167,426 lbs/year




TP


=

76,103 lbs/year

The engineering consultants for the WWTP have estimated that the Capital and Operation & Maintenance (O&M) costs to update the facility to meet the nutrient cap loads will be 







CAPITAL


O&M



TN


$3.62 M


$0.21 M




TP


$0.43 M


$0.07 M

There are two nutrient credit Aggregators, A & B, who are offering the following nutrient credit pricing:



Aggregator A
TN   =   $5.50/lb
TP   “Free”



Aggregator B
TN   =   $4.25/lb
TP   $3.00/lb

Assuming stable pricing and costs for 20 years and a fixed discount rate (related to interest rate) of 3.7%; determine the most cost-effective solution for FRU—modernize or buy credits?  The CFO needs to see the numbers.

SHOW YOUR WORK!    SHOW YOUR WORK!    SHOW YOUR WORK!
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