




IS ENGINEERING A SCIENTIFIC ENDEAVOR?

Stuart Kurtz
Lyceum Society, January 2014
OUTLINE

So, What’s The Problem?
What is Knowledge?
What is Science?
Instruments and Inventions as an A Priori Necessity for Science
Applied Science and Technology
What is Engineering?
Design Based Engineering
Science Based Engineering
Science and Engineering as Communal Activities




So, What’s The Problem?

“Science discovers the principles of nature by which scientists and others can then solve for and design all that follows.  It is the mere application of scientific findings that result in new technologies.” 
Modern cliché

 “Every rocket-firing that is successful is hailed as a scientific achievement; every one that isn’t is regarded as an engineering failure.”  
1960’s cliché   

“All science is either physics or stamp collecting.”
Ernest Rutherford 

Aphorism: 
Those who can, do
Those who can’t, teach
	Those who can’t teach, teach gym

It is better to work with Mother Nature than against her. 
 (Anon.)

The School of Athens:  Plato points upwards to the Ideal Forms which we can only know in our minds and Aristotle points down towards seeing Nature as it is.



[image: http://upload.wikimedia.org/wikipedia/commons/9/94/Sanzio_01.jpg]

What is Knowledge?

Knowledge (to know what)
In philosophy:  justified true beliefs
In science:  justified beliefs
In religion:  true beliefs
In the gut:  truthiness*

Knowledge (to know how)
The art and skill in the practice of:
Architecture, Bicycle riding, Cooking, Detectives (the Sherlock Holmes variety), Engineering, Flocking ….

Knowledge- psychologically
It seems true – I accept the rational arguments
It feels true – That is the way I see the world and I accept the rhetorical arguments

*  thruthiness - "the quality of preferring concepts or facts one wishes to be true, rather than concepts or facts known to be true" (American Dialect Society, January 2006. ) See also Steven Colbert as originator of the modern definition of truthiness.
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What is Science?
“The scientific method” or scientific methodology establishes how science should be done
The art and practice of science
1. Patterns and regularities call for an explanation
2. Nature carved at its joints – classes and types
3. Identification – If it looks like a duck, if it quacks like a duck, if it walks like a duck, then (most likely) it is a duck.  
4. Logical relationships  - It cannot be otherwise
5. Empirical relationships – That’s what is observed
6. Analogies – Seems like that is how something else works
7. Statistical Relationships and Probability
8. Discoveries and inventions
9. Each and every application of a scientific description or theory is a test of that description or theory
 
    Hypotheses are a form for the expression of scientific ideas
1. Scientific statements must be stated in a way that can be disproved.
2. There must be empirical evidence that the scientific statement represents accurately what is observed in nature.
3. Scientific statements rise to the level of theory when there is overwhelming reason to expect that such theories will explain and predict all relevant information and act as a guide to the field.
4. The best theory has the greatest generality.
5. The best theory explains, via mechanisms or causal relationships, our observations of nature using the fewest arbitrary parameters.
6. The best theory predicts observations not previously expected.
7. The best theory is consistent with all other best theories.
8. My theory is the best theory.



What is Modern Science?


Science today might be broadly seen as encompassing several critical areas of the search for and application of scientific and other knowledge:  
1. Modern science is a community activity, requiring, at a minimum, communication with other scientists.
2. It may involve a search for the fundamental laws of the nature.
3. It may involve a search for laws, relationships, explanations and understanding of how nature, on every level, works.
4. It may involve a search for an understanding of complex systems that have properties that seem to be above and beyond the fundamental properties of its elements. It is primarily a search for relationships.
5. Advances in science generally require new tools and techniques to expand our knowledge of nature. 
6. Modern science includes the use of scientific and practical tools to implement changes to the world (hopefully for the benefit of mankind). We generally use the terms applied science, technology and engineering to describe this activity though to affect large projects may require different combinations of practical skills and thinking.




Is Pure Science No More Than Mathematics?

Laws and mathematics     (Some common ideas)
Everything that is true in mathematics constitutes a possible world.
Everything that is true in this world can be expressed mathematically as a law.
Mathematics is the language of nature. 
A mathematical expression of a law (along with initial and boundary conditions) tells us everything that can possibly happen in this world.
The use of mathematics in science, applied science and engineering is simply and no more than the language we use to represent nature and the objects found in nature.  
Mathematics is a formal way for summarizing regularities through formulae and using the techniques of mathematics to extrapolate and predict, interpolate, correlate and retrodict, and to simulate how a given process might play out in the natural world.
 
Can mathematics capture all of science?

Natural language provides other expressions of relationships not captured by mathematics and may be necessary in addition to mathematics to convey information about complex relationships and emergent concepts such as consciousness and life.

Instruments and Inventions as an A Priori Necessity for Science
Telescope: Galileo’s observations of moons of Jupiter 
Steam engines: Carnot’s thermodynamics
Photographic plates: Roentgen x-rays and Astronomy
Microscopes:  Hooke and cells, Leuwenhoek and bacteria
Accurate timepieces: Harrison and Longitude and measurement
Batteries and electrolysis: Sir Humphrey Davy and Na, Ca, K, Cl
Magnets and batteries: Faraday and Fields and Generators
Glass, Glassblowing: Chemistry
Integrated circuits: Kilby, Noyce and the rise of modern computers

Modern Science is inconceivable without instruments and inventions, generally brought about through invention and innovation not directed by science.





What is Engineering?

“From the point of view of modern science, design is nothing, but from the point of view of engineering, design is everything.  It represents the purposive adaptation of the means to reach a preconceived end, the very essence of engineering.” 
 Edwin Layton, Jr., 1976

“The art of directing the great sources of power in nature for the use and convenience of man.”  
1828 Charter of the Institution of Civil Engineers

“A scientist studies what is; an engineer creates what never was.”
Theodore von Karman  



Engineering has some of the following characteristics
1. It is an iterative design process with learning from past failures and an understanding of what works
2. It must integrate various objectives some of which may be at odds with other objectives.  Optimization is a key element.
3. Amongst the tools for engineering are models and simulations which include scale models as well as mathematical models to test various parameters.
4. Engineering designs and proposals are subject to consensus of vested parties
5. Engineering projects must be subject to periodic review and meeting specifications
6. Engineering is built on the learnings of previous projects
7. Engineering is dependent on theoretical and statistical models of the behavior of each of the elements of the design as well and the integrated interaction of the full design
8. Engineering can be used to create new tools for scientific research such as the LHC, NMR machines, steam engines, alternative current systems, oscilloscopes, and on and on


Design Based Engineering
An example of modern design based engineering 
Rickover and the design for building the Nautilus, the first nuclear submarine
Let’s look at some examples of problems with design and execution of designs.
(Copying Technical Drawings and Distortion of intent)
1. Problem of copying and interpretation – Francesco di Giorgio 1470 copied in 1540 by Sienese artists.  
2. Hyatt Regency Disaster – marching resonance versus load bearing
3. Tacoma narrows bridge – Extrapolation in design from the successful Brooklyn Bridge to an extremely narrow and flexible span of the TNB. 
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	[image: Image-Tacoma Narrows Bridge1.gif]
The original Tacoma Narrows Bridge roadway twisted and vibrated violently under 40-mile-per-hour (64 km/h) winds on the day of the collapse



[image: http://rpmedia.ask.com/ts?u=/wikipedia/en/thumb/5/5c/TacomaNarrowsBridgeCollapse_in_color.jpg/220px-TacomaNarrowsBridgeCollapse_in_color.jpg]
[image: http://rpmedia.ask.com/ts?u=/wikipedia/commons/thumb/b/b4/Vortex-street-animation.gif/220px-Vortex-street-animation.gif]
Vortex shedding and Von Kármán vortex street behind a circular cylinder. The first hypothesis of failure of the Tacoma Narrows Bridge was resonance (due to the Von Kármán vortex street).[15] This is because it was thought that the Von Kármán vortex street frequency (the so-called Strouhal frequency) was the same as the torsional natural vibration frequency. This was found to be incorrect. The actual failure was due to aeroelastic flutter.[1]

[image: Souvenir booklet for 1950 opening celebration WSDOT]
[image: Aerial view of 1950 Narrows Bridge WSDOT]
Lest one think that copying type errors do not occur with computer copying, think again.  Here is part of a recent reasonably good summary describing the physics of the collapse of the Tacoma Narrows Bridge from a web article (April 7, 2009)
[image: ]
Figure 3. Vortex Shedding around a Spherical Body
Street or Sheet?
Spherical or Cylindrical Body?


Science Based Engineering
Almost all of Modern Engineering Relies on Science 
Chemical Engineering
Aeronautical Engineering
Mechanical Engineering
Civil Engineering
Bioengineering            and so on….

What Science is used?
Chemistry
Biology
Metallurgy
Materials Science          and so on….

Is engineering a type of science?
No.  But engineering practice uses science as a tool. 
There is also engineering science - which is a science in the full sense of the term.



Science and Engineering as Communal Activities
For this topic let’s get this audience’s experiences.  



Assignment – Due next meeting: Enjoy one of the following.

On Knowledge and Science
How We Know What Isn’t So.  Thomas Gilovich (The psychology of knowledge.)
The Structure of Scientific Revolutions  (The second edition!) Thomas Kuhn
A Feeling for the Organism: The Life and Work of Barbara McClintock  Evelyn Fox Keller  (Biology is different from physics)

On Science, Technology and Engineering
Isaac’s Storm:  a man, a time, and the deadliest hurricane in history  Eric Larson (meteorology)  
Rising Tide: The Great Mississippi Flood of 1927  John Barry  (hydrology)
The Great Bridge – The Epic Story of the Building of the Brooklyn Bridge (1983) David McCullough  (The role of design and quality control)
To Engineer is Human: The Role of Failure in Successful Design Henry Petroski
Engineering and the Mind’s Eye  Eugene Ferguson (Design as invention and art)
The Devil in the White City  Eric Larson (2003)
(The Ferris Wheel and the ability to see in one’s mind what works.)



Remarks on The Structure of Scientific Revolutions
Kuhn would seem to have the view that science should be a search for true knowledge.  In practice, meaning generally “normal science”, according to Kuhn, this aspect of science is no more than elaborating on and extending current models of the world by testing, solving key problems and indoctrinating the next generation.  That would seem to place most scientists as not very creative or even significant in the scheme of things but, at least to me, that seems wrong.  What we know about science is the cumulative confirmation of theories and our confidence in science arises not from revolutionary theories themselves but from testing and elaboration on such theories.
[bookmark: _GoBack]As an historian of science Kuhn has given us some remarkable insights into how science was done and how it evolved.  He separates what he calls normal science from revolutions in science. According to Kuhn It is through scientific revolutions that science evolves and not by iterations doing normal science.  Old paradigms that are believed by the old school are dismissed as wrong and new paradigms are embraced as right by the next generation of scientists. 
The old paradigms are incommensurate with the new paradigms, not just in formulation, but in the meaning of the words used and the ideas employed.  
23
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Figure 4.23
Original drawing by Francesco di Giorgio.
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Figure 4.24
Copyist’s version of figure 4.23.
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1I. The collapse of two suspended walkways in the Kansas City Hyatt Regency Hotel
981 killed over one hundred people and was the worst accident due to a structural
ure in the history of the United States. There were many theories offered for the cause -
he collapse, including the presence of too many people dancing on the walkways,
z=calling the collapse of early suspension bridges under the feet of marching soldiers. The
cause of the failure was quickly-traced to a single change in the design of a support -
il, apparently. made to facilitate the erection of the skywalks. The Kansas City Star,
which had hired an engineer as a consultant on the story, revealed the true cause within

of the accident in this Pulitzer Prize-winning story. Later tests at the National Bureau
E Standards confirmed the cause to be in the detail. : :
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