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Abstract
Each of the traditional engineering disciplines (EE, CE, ME, ChE, etc.) are 
concerned with certain physical phenomena, and founded on related 
explanatory theories and math-physics models of those phenomena, 
strengthening ability to perform the engineering practices of the discipline. 
However, it is sometimes suggested that Systems Engineering so far lacks, 
and is still seeking, some equivalent underlying theory that is grounded in 
base phenomena and described by explanatory model content, on an 
impactful par with those of the other engineering disciplines. Here we argue 
that (1) that there is such an underlying System Phenomenon, (2) that its 
explanatory, model-based theory already exists in the form of Hamiltonôs 
Principle, (3) that this phenomena and theory are the more general parent 
cases of the more familiar phenomena and model-based theories of each of 
the traditional engineering disciplines, and (4) that for the emerging larger-
scale systems of practical interest to systems engineering and society, new 
larger-scale phenomena, explanatory model-based theories, and engineering 
disciplines may be derived from this same general parent.  
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Systems: Big, Complex, and Challenging

ÅEngineers and scientists are increasingly concerned with 
understanding or designing large, complex systems.

ÅIs current Systems Engineering up to this challenge?
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¢ǿƻ άtƘŀǎŜ /ƘŀƴƎŜǎέ ƛƴ ¢ŜŎƘƴƛŎŀƭ 5ƛǎŎƛǇƭƛƴŜǎ 

1. Phase change leading to traditional STEM disciplines:

ï.ŜƎƛƴƴƛƴƎ ŀǊƻǳƴŘ олл ȅŜŀǊǎ ŀƎƻ όbŜǿǘƻƴΩǎ ǘƛƳŜύ

ïEvidence argued from efficacy step impact on human life

2. Phase change leading to future systems disciplines:

ïBeginning around our own time

ïEvidence argued from foundations of STEM disciplines 5



Phase Change 1 Evidence: Efficacy of 
Phenomena-Based STEM Disciplines

In a matter of a 300 years . . . 
Åthe accelerating emergence of Science, Technology, 

Engineering, and Mathematics (STEM) . . .  
Åhas lifted the possibility, quality, and length of life for 

a large portion of humanity . . . 
Åwhile dramatically increasing human future potential. 
ÅBy 20th Century close, strong STEM capability was 

recognized as a critical ingredient to individual and 
collective prosperity. 6



The length of human life 
has been dramatically extended:
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Simply feeding ourselves 
consumes less labor and time:



9
US passenger travel per capita per day by all modes.
Sources of data: Grubler , US Bureau of the Census , US Department of Transportation 

The range of individual human travel 
has vastly extended: 



Challenges Have Likewise Emerged

Å In recent decades, the human-populated world has become vastly 
more interconnected, complex, and challenging . . . 

ÅOffering both expanding opportunities and threats. 

ÅFrom the smallest known constituents of matter and life, to the 
largest-scale complexities of networks, economies, the natural 
environment, and living systems . . . 

ÅUnderstanding and harnessing the possibilities have become even 
more important than before. 
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Systems progress has come with 
challenging side effects: 

NHTSA and FHWA data In Trends: A Compendium of Data on Global Change. Carbon Dioxide 
Information Analysis Center, Oak Ridge National Laboratory, United States 
Department of Energy, Oak Ridge, Tenn., U.S.A

http://en.wikipedia.org/wiki/Carbon_Dioxide_Information_Analysis_Center
http://en.wikipedia.org/wiki/United_States_Department_of_Energy


Not all human progress has been STEM-driven

ÅFor example, the spread of market capitalism can 
be argued to have also lifted human life.

ÅNevertheless STEM has been a major contributor:
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Impact Notable STEM Drivers  (samples)

Increased life expectancy Life sciences, nutritional science

Reduced infant mortality

Reduced food production costAgronomy, herbicides, fertilizers, mechanization

Increased GDP per capita Mechanized production, mechanized distribution

Increased range of travel Vehicular, civil, and aerospace engineering

Increased traffic fatalities Vehicular engineering, civil engineering

Increased carbon emissions Vehicular engineering; mechanized production



Emergence of Science and Engineering 

Å¢ƘŜ άƘŀǊŘ ǎŎƛŜƴŎŜǎέΣ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ άǘǊŀŘƛǘƛƻƴŀƭέ 
engineering disciplines and technologies based on 
those sciences, may be credited with much of this 
amazing progress, as well as challenges.

ÅHow should Systems Engineering be compared to 
ŜƴƎƛƴŜŜǊƛƴƎ ŘƛǎŎƛǇƭƛƴŜǎ ōŀǎŜŘ ƻƴ ǘƘŜ άƘŀǊŘ ǎŎƛŜƴŎŜǎέΚ
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Phenomena-Base Engineering Disciplines

ÅThe traditional engineering disciplines have their technical 
bases and quantitative foundations in the hard sciences:
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Engineering
Discipline

Phenomena Scientific Basis Representative Scientific 
Laws

Mechanical
Engineering

Mechanical Phenomena Physics, Mechanics,
Mathematics,  . . .

bŜǿǘƻƴΩǎ [ŀǿǎ

Chemical 
Engineering

Chemical Phenomena Chemistry, Mathematics.
. .  .

Periodic Table 

Electrical
Engineering

Electromagnetic 
Phenomena

Electromagnetic Theory aŀȄǿŜƭƭΩǎ 9ǉǳŀǘƛƻƴǎΣ ŜǘŎΦ

Civil  
Engineering

Structural Phenomena MaterialsScience, . . . IƻƻƪŜΩǎ [ŀǿΣ ŜǘŎΦ

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https://commons.wikimedia.org/wiki/File:Boltzmann_Ludwig_01.jpg&ei=a--bVYnaEI3GogTix4GIBQ&bvm=bv.96952980,d.cGU&psig=AFQjCNFBS66_OAjbF1UFVUTyvaya8VrnLg&ust=1436369122723747
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https://commons.wikimedia.org/wiki/File:Boltzmann_Ludwig_01.jpg&ei=a--bVYnaEI3GogTix4GIBQ&bvm=bv.96952980,d.cGU&psig=AFQjCNFBS66_OAjbF1UFVUTyvaya8VrnLg&ust=1436369122723747
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https://en.wikipedia.org/wiki/File:Maxwell'sEquations.svg&ei=QPmbVaTaI8y5sAXmxJiQBw&bvm=bv.96952980,d.b2w&psig=AFQjCNG_0awoLVijw2ILlv0OqwvZ1MPrlA&ust=1436371631887435
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https://en.wikipedia.org/wiki/File:Maxwell'sEquations.svg&ei=X_mbVbfZC8HMsQWxxZbQBg&bvm=bv.96952980,d.b2w&psig=AFQjCNG_0awoLVijw2ILlv0OqwvZ1MPrlA&ust=1436371631887435
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.krishnapath.org/quantum-physics-came-from-the-vedas-schrodinger-einstein-and-tesla-were-all-vedantists/&ei=mfmbVb-mE8fstQWk_q7QCg&bvm=bv.96952980,d.b2w&psig=AFQjCNHgqC32i1kmFHe0KyTNLRp7D8mwMw&ust=1436371728401423


The Traditional Perspective
ÅSpecialists in individual engineering disciplines (ME, EE, CE, ChE, 

etc.) sometimes argue that their fields are based on:

ïάǊŜŀƭ ǇƘȅǎƛŎŀƭ ǇƘŜƴƻƳŜƴŀέΣ 

ïǇƘȅǎƛŎŀƭ ƭŀǿǎ ōŀǎŜŘ ƛƴ ǘƘŜ άƘŀǊŘ ǎŎƛŜƴŎŜǎέΣ ŀƴŘ ŦƛǊǎǘ ǇǊƛƴŎƛǇƭŜǎΣ

Åsometimes claiming that Systems Engineering lacks the equivalent 
phenomena based theoretical foundation. 

Å Instead, Systems Engineering is sometimes viewed as: 

ïEmphasizing process and procedure

ïCritical thinking and good writing skills

ïOrganizing and accounting for information

Å.ǳǘ ƴƻǘ ōŀǎŜŘ ƻƴ ŀƴ ǳƴŘŜǊƭȅƛƴƎ άƘŀǊŘ ǎŎƛŜƴŎŜέ15



Traditional Perspective, continued
ÅThat view is perhaps understandable, given the first 50 years 

of Systems Engineering

Åά{ŎƛŜƴŎŜέ ƻǊ άǇƘŜƴƻƳŜƴƻƴέ ƻŦ ƎŜƴŜǊŀƭƛȊŜŘ ǎȅǎǘŜƳǎ ƘŀǾŜ ŦƻǊ 
the most part been described on an intuitive basis, with 
ƭƛƳƛǘŜŘ ǊŜŦŜǊŜƴŎŜ ǘƻ ŀ άǇƘȅǎƛŎŀƭ ǇƘŜƴƻƳŜƴƻƴέ ǘƘŀǘ ƳƛƎƘǘ ōŜ 
called the basis of systems science and systems engineering:
ïFor example, emergence of patterns out of agent interactions in 

complex systems  

ïFascinating, but not yet the basis of generations of life-changing 
human progress such as has marked the last 300  years
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