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once took a course in thermodynamics. This is a branch of physics

that deals with energy—its transmission and its transformation from one form

to another. I didn’t understand all the material by a long shot, but I came away

impressed with some awesome concepts. 

The laws of thermodynamics govern the details of most of what happens

in our lives. Whether we are sipping a cold beverage, driving a vehicle, cook-

ing a meal, using a computer, or running a pressure washer, most of the details

are governed by those laws. For example, one of the laws tells us that ener-

gy cannot be created or destroyed, only changed from one form to another.

The Second Law

One of the most profound laws in all of science is the Second Law of ther-

modynamics. Scientific types use jargon like “entropy” in stating the Second

Law, which can be expressed in several ways. I like this statement of the Second

Law: Energy spontaneously tends to flow only from being concentrated in

one place to becoming diffused or dispersed and spread out.

Another way to say it is, There is a natural direction to processes in the

universe, and no energy cost is required to make them go in this direction.

(To make them go in the opposite direction we must pay.)

Interestingly, the myriad processes that follow this law give us the sense

that time has a direction. Take a hot frying pan off the stove, and it cools down.

Jump off a diving board, and you drop into the water. Puncture a tire, and

the air escapes from the tire. In our daily lives, we observe thousands of such

examples of energy being dissipated in accordance with the Second Law. We

sense time passing in the same “direction” as energy spreads out.

We’d certainly think it unnatural if any of these things happened in

reverse—if the frying pan spontaneously started to draw heat from the air

until it became hot, or if a person shot up out of the water and onto the div-

ing board, or if surrounding air rushed through a hole in a tire and inflated

it. Because of the directionality of all these everyday processes, the Second

Law is sometimes called “time’s arrow.”

These happenings revolve around a flow of energy. The flow is from a more

organized state to a more disorganized state. A hot frying pan represents a

more organized state. Dissipating its heat into the air as it cools down rep-

resents a transition to a more disorganized state.

Activation

Iron and steel rust, and a battery on a shelf slowly loses its charge because

the Second Law says that energy “spontaneously tends” to spread out.

However, in most situations, some sort of “activation” is required to trigger

a shift from a higher to a lower energy state.

For example, the Second Law is in action when anything burns. Fires dis-

sipate a great deal of energy. But a crumpled piece of paper certainly does
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not catch fire spontaneously. The

release of energy has to be activat-

ed by, say, the flame of a match.

Once the process is started, it con-

tinues spontaneously.

The Second Law is indescribably

patient. Consider an overhanging

rock on a cliff. The second law says it

will “spontaneously tend” to drop to

a lower elevation (energy level). But

it doesn’t drop. The overhanging

rock is chemically bonded to adjacent

atoms in the stone going back into the

cliff. The Second Law is (temporari-

ly) blocked by the strength of chem-

ical bonds, but not forever. After

countless repetitions of freezing and

thawing, sun, wind, and rain, a crack

forms, and eventually the rock does

drop, even if it takes millions of years.

The tendency of the Second Law

is never eliminated. Fortunately for

us, it is blocked for a period of time

in the huge number of complex

chemical substances in our bodies

and many of the things we enjoy and

use. That temporary blockage is

absolutely necessary for us to be

alive and happy. But eventually the

Second Law always wins out.

Reversing the Process

It was said earlier that, “There is

a natural direction to processes in the

universe…to make them go in the

opposite direction we must pay.” A

refrigerator is a good example of

how we can (temporarily) reverse

the process. Heat flows from

warmer-to-cooler. Yet we move heat

from the inside of the refrigerator,

which is cool, to the room, which is

warm. To do that, we have to pay the

price of delivering energy via the

refrigerator’s compressor.

Iron and steel provide another

example. Left to nature, a piece of steel

slowly turns to iron oxide, better

known as rust. It is converted from

a more organized state (such as an I-

beam) to a more disorganized state

(a heap of rust scales). We reverse that

process by putting huge amounts

of energy into mining iron ore (iron

oxide) and cooking it in a furnace to

make steel to create another I-beam. 

The Bottom Line

A major goal of humanity is to

find elegant, simple ideas that explain

how the world works. You can’t do

better than the Second Law of ther-

modynamics. The Second Law could

even be thought of as the driving

force behind Murphy’s Law.

A word of caution—it can be said

that the Second Law is strictly appli-

cable only at the microscopic level, not

always at the macroscopic level. For

instance, we cannot say that a messy

desk or workbench has a lower ener-

gy level than a clean one. But prod-

uct failures and the degradation of

materials are not going to go away,

because failures are a product of the

Second Law, and the Second Law

is a fundamental part of the way the

known universe operates. Dealing

with consequences of the Second

Law is part of our existence. CT


