LABORATORY EXPERIMENTS

Stated and ultimate objectives

1.  Mousetrap design


Stated:  Design a mousetrap from paper, glue, and rubber bands that will capture a mouse (ping pong ball).


Ultimate:  Develop a set of construction plans using written and pictorial elements with the reader in mind.  What is most easily conveyed in prose?  What is most easily conveyed in diagrams?

2.  College ranking


Stated:  Rank a group of universities as to “quality”, given a set of characterizing parameters.


Ultimate:  Presentation of multi-parameter data in a way to help a reader understand the ideas/results you want to convey.  Develop a statistic or metric—including scaling—which reflects some measure of an attribute (in this case “quality”).  Decide, among a number of parameters, which are important and how much so.  Develop skills in using Excel as a data handler and graphing tool.  Produce a complete, intelligent, annotated graph of your ranking.  And, since these data (and subsequent rankings) came from US News & World Report, consider how to present rankings from multiple sources (your group, other groups, US News) in a single graphic presentation.

3.  Materials   


Stated:  Measure the tensile, bending, and compression strength of spaghetti.  Find Young’s modulus.


Ultimate:  Introduction to using epoxy. Deduce physical laws based on data analysis.  Use of logarithmic transformations to infer power laws.  Collapse disparate data sets through intelligent transformation/normalization.  Infer strengths of other specimens having similar geometric properties, but different lengths and thicknesses.

4.   Remote measurement


Stated:  Find the distance between two inaccessible points and estimate error.


Ultimate:  Decide between ease of measurement and most-accurate measurment.  Understand how measurement errors arise and devise strategies to minimize them.  Apply calculus of errors to calculate quality of measurement strategy.  Would another strategy have yielded better results?  Why?

5.   Logic circuits/robot build


Stated:  Devise and build a logical circuit to control a light-seeking robot.


Ultimate:  Discover that there is no single solution to logic problems—especially when some combinations of inputs are mathematically possible, but not physically realizable.  Use this fact to create cost-effective circuit design.  Appreciate that there are thresholds in the efficiency of many design problems, e.g., a circuit that requires 5 logic

gates is twice as expensive to build as one that requires only 4 logic gates.  Convert a theoretical design into a working prototype.

6.   Chemical processes


Stated:  a)  Find the efficiency of heating water. b)  Distill a water/ethanol solution, keeping track of all water and ethanol in the system. c)  Separate pigments in ink using paper chromatography.


Ultimate:  a)  Measure electrical energy and infer its conversion to thermal energy.  How are efficiencies estimated?  Why are they so low?  b)  Learn the components and principles of a still and how they operate in a distillation process.  Infer ethanol concentration from temperature/density measurements using 2-D tables and bi-linear interpolation.  Measure temperature-sensitive densities with a hydrometer.  Discover McCabe-Thiele diagrams and their utility in separation problems.  Check the performance of the experiment using conservation of mass ideas.  c)  Learn about competition in diffusion problems, e.g., the transport/separation of ink in chromatography is based on a difference between moving with the solvent and sticking to the paper.

Inks behave differently with different solvent/paper configurations.

