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* The zeroth law: If two systems are in
thermal equilibrium with a third
system, they are also in thermal
equilibrium with each other?2.

* The first law: The change in internal
energy of a system is equal to the heat
added to the system minus the work
done by the system.

* The second law: The entropy of an
isolated system can never decrease
over time.

* The third law: The entrop?/ of a system }
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approaches a constant value as its
temperature approaches absolute
zeror

Phase Equilibrium = Separation Operations
Reaction Equilibrium = Reactions

Heat Flow = Energy and Heat Exchange

Reaction Modeling

Thermodynamic efficiency and
energy reduction potential
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The first law of thermodynamics is a law that states that energy can change forms but cannot
be created or destroyed ' ? . It also relates the change in internal energy of a system to the
heat and work done on it ® # . Here is a poem | wrote about it:

Energy is constant in this universe
It can only transform and disperse
Heat and work are two ways to transfer

The internal energy of matter

The first law of thermodynamics tells us so
It's a principle we should all know
It helps us understand how systems behave

When they exchange energy in different ways

Learn more: 1.thoughtco.com 2. en.wikipedia.org 3. britannica.com +3 more




Innovation and the Ability to Solve Problems Rapidly  -- Similarity with Humor

Theory of Humor

[image: image3.png]One possible equation of humor that includes complexity, time to resolve, and background mood is
proposed by Igor Krichtafovitch in his book Humor Theory: Formula of Laughter " . The equation is:

HE=PIxC/T +BM

where HE is humor effect, Pl is personal involvement, C is complexity of a joke, T is time spent by a
person solving a joke, and BM is background mood. According to this equation, humor effect increases
with personal involvement, complexity of a joke (provided that it can be solved quickly), and positive
background mood. However, this equation may not account for all aspects of humor and may vary
depending on the context and audience.




Theory of Innovaton is Analogous to Theory of Humor

Innovation Effectiveness = Personal Insight X Complexity / (Time to Evaluate Ideas) 







+ Receptive Environment

Ideas to Avoid Common Engineering Calculation Mistakes

· Get the units of measurement correct

· Show your units

· Make explicit conversions on paper

· Don't assume consistency

· Temperatures

· When in doubt, use absolute temperatures

· Relative temperatures ((C, (F) for temperature differences only

· Be explicit in assumptions - write them down

· Assemble all information about the problem

· Circle key information

· Check off calculation steps or problem elements 

· Check off parts of question answered

· Sign Conventions

· H, S, U, increase when T increases, melting, or vaporization

· Think "final minus initial" for changes (i.e. ()

· Think from the perspective of the "stuff" in the system, not from the perspective of the surroundings (i.e. if system loses heat, the "stuff" in the system cools off, and the enthalpy change is negative).

· Know your system!

· Draw a box around it

· Is it "closed" or "open?"

Philosophy of Engineering Modeling

A good model should be like an impressionist painting.  It should be as simple as possible, but convey the key features of reality.

Monet and Le Gare St. Lazare

The Monet painting is just enough for you to see the train station (below):
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Compare to a photograph (from modern times) below:
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Funny how the model gives more understanding than the real thing, even though the model has less than the real thing!

The formulation of good models, even in thermodynamics, requires good judgment and understanding.

