
  

        How the Universe Works  -- side 33
A few thoughts about the relationship between Work and Energy:  I just showed that work is the 
mathematical dot product of an applied force (F) on an object and the resulting change in position of that object (Δx). 
As shown above, the result of a mathematical dot product of two vectors is a scalar (has a magnitude, but no 
direction).  So am I saying that work is a scalar and therefore has no direction?   What?   Huh?  

Okay, force is a vector (magnitude and direction) , Δx is a vector (magnitude and direction) . . . . we dot them together 
and the directions magically disappear.   Ahhhh . . . it’s magic!  NO!  When mathematics began to overcome 
superstition  somewhere in the 1500’s as the ultimate authority in natural philosophy, ultimate physical truth must 
reside in the relationship determined by the mathematical equation.   Still . . .  we should be able to intuitively grasp 
at least these classical (pre 1900) physics concepts.   One more thing . . . . are we saying that applied work has some 
relationship to an object’s energy? 
Well, let’s see . . . which direction does the sun shine?  Could I place one vector on a drawing of the sun to represent the 
work it is doing on our solar system?  Obviously, one vector won’t do it.  I would need an infinite number of vectors 
emanating omnidirectionally from the core of our sun. Along those same lines,  how would I represent the energy of our 
sun?  We say this energy “radiates” and can not be represented by one vector, so it must be a scalar.  SO I suppose scalar 
means a magnitude with no direction or ALL directions.   

Now, when you or nature apply a force to an object, positive or negative work is done on that object.  You either add 
energy by applying  a force  or a sum of forces over a distance to the object that ultimately do positive work on that 
object and therefore pour energy into the object.   

Historical Background #4  -- work, heat, & energy around the mid 1850’s: 
The modern idea of energy accumulation and thermodynamics in general  had its roots with the 
Frenchman Sadi Carnot (1796-1832) and his study of the efficiency of engines in converting the 
random energy of heat into useful mechanical work. Carnot showed that work was done as heat 
flowed from a higher temperature area to a lower temperature area1. which ultimately led to the 2nd 
Law of Thermodynamics in the 1850’s after a lot of refinement by the work of Rudolf Clausius (1822-
1888) and William Thomson (who later became Lord Kelvin).   Energy is measured in Joules (named in 
honor of James Joule (1818 - 1889)) who quantitatively demonstrated the relationship between heat, 
work and energy

I think of energy as an accou nting system for an object’s ability to do work at some later time.  If you’re into analogies, 
you can think of energy as money an object has in its “ bank”.  When you do positive work on an object, you are putting 
money into that object’s bank. When the object is doing work on another object or it’s surroundings  it is spending the 
money from its bank account.  So energy is an accounting system whereas work is spending or adding to that 
accumulated energy account.   I say that work is the business end of energy.  

Of course, energy has many forms and is much more complicated than my bank analogy, but it will give us something 
on which to build.   We will spend much of the remaining time in this course refining our notion of this mysterious, 
ubiquitous  ummm  . . .  uh . . . “capacity”  we call energy.  Do negative work on that object and you drain energy out of 
the object which shows up as a loss of the object’s heat or decrease in the object’s velocity.    Do positive work on that 
object and you pour energy into the object which shows up as a gain of the object’s heat or increase  in the object’s 
velocity.     

 SO . . .  work and energy are not exactly the same thing conceptually, but they ARE the same thing mathematically (1 
N.m = 1 Joule)  Energy is an accumulation so is usually considered positive.  Work; however, can be positive (adding 
energy to your system) or negative (taking away energy from your system).   The key difference is that Work is a 
CHANGE in energy. 
 


