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COMPILATION: A potentially useful schema for integrating science ideas 
 
From: David Ennis 
Date: Thu, 8 Sep 2016  
 
I used my first few physics class sessions this year for ice breakers, class rules, issuing books, 
getting a brief written bio from each student, and giving the FCI and Lawson pretests.  Yesterday, 
after a discussion about defining physics, I taught my class Ennis's Universal Law  (I didn't call it 
that, but I should have, for yuks).  I let them know that it was my own observation and that they 
wouldn't find it in books, but that they were not likely to ever find it contradicted: 
 
Change <=> Energy Transfer <=> Force exerted through distance <=> Change in the motion of 
something, 
 
where "<=>" means "is always associated with," in both directions.  I claimed that everything 
that they think about or experience, from the acceleration of a race car, to the static produced by 
brushing their hair, to the change in color of fruit as it ripens,  to the operation of the sun, to the 
splitting of chromosomes, to hearing a baby cry, to the storage of digital data, could be explained 
in the context of that schema if they were able to "zoom in" mentally as necessary and apply 
sufficient subject knowledge.  I let them know that they wouldn't be tested on it, and wouldn't 
have to be able to apply it to our physics studies, but that I might refer to it from time to time, 
that they were welcome to do so if they wanted to, and that they might find it useful now or later 
to know that everything in the operation of the physical world has something in common at the 
foundation. 
 
I used the schema  to explain that all energy is the same thing.  It's not a substance, but is 
substance-like in that it can be quantified and accounted for.  There aren't different kinds of 
energy, it simply strikes us differently depending on how it is stored.  The transfer of energy can 
mean the transfer from one object to another, such as when I stretch a spring, or from one storage 
mode to another within the same object, such as when I released the stretched spring. 
 
But the real punch line was to note that since all physical and chemical changes are ultimately 
associated with changes in the motion of something, we can't deeply and fully understand 
anything unless we thoroughly understand motion and changes in motion.  Therefore, that's 
where we will begin the course, and that's why we will dwell on motion and forces for a 
considerable amount of time. 
 ---------------------------------- 
From: David Ennis 
Date: Thu, 8 Sep 2016  
David Weaver wrote: 
“We need to be talking with our biology and chemistry and earth/space science colleagues to 
come up with a common language to talk about energy . . . The AMTA has materials from middle 
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school to college (kinda) and from Bio through Chem and physics (with a few other areas 
emerging), and the Energy story line is not unified or even compatible . . .  Our students will most 
definitely benefit if the energy story line in B, C & P classes reinforce each other.” 
 
     These points are consistent with the ones I've been trying to make.  I would add that our 
physics students will benefit if the energy story line and the story lines in mechanics, waves, 
fluid dynamics, etc. reinforce each other.   And I do have a story line to propose which can help 
accomplish all of that.  Using the symbol <=> to mean "is always associated with (in both 
directions)," a fundamental schema for the operation of the universe can be expressed as: 
 
Change <=> energy transfer <=> force exerted through distance <=> change in the motion of 
something 
 
     To identify all the links in the schema chain we may need to "zoom in" and bring sufficient 
knowledge to bear, but we can be confident that all of the links will be there.  For instance, must a 
change in color ultimately be associated with the change in motion of something?  Yes.  There will 
be changes in the motions of electrons, as described by Bohr's and others' classical approaches or 
by quantum mechanics.  Take your pick..  I believe that this schema is a reliable common thread 
running through all natural phenomena. 


