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24.7 Entropy
The idea of ordered energy tending to disordered energy is embodied 
in the concept of entropy.24.7.1  Entropy  is the measure of the amount 
of disorder in a system. Disorder increases; entropy increases. 

According to the second law of thermodynamics, in the long 
run, the entropy of a system always increases for natural processes.
Gas molecules escaping from a bottle move from a relatively orderly 
state to a disorderly state. Organized structures in time become dis-
organized messes. Things left to themselves run down, such as the 
house in Figure 24.14. Whenever a physical system is allowed to dis-
tribute its energy freely, it always does so such that entropy increases 
while the available energy of the system for doing work decreases.

Entropy normally increases in physical systems. However, when 
there is work input, as in living organisms, entropy decreases. All 
living things, from bacteria to trees to human beings, extract energy 
from their surroundings and use it to increase their own organiza-
tion. This order in life forms is maintained by increasing entropy 
elsewhere, so for the system “life forms plus their waste products” 
there is still a net in crease in entropy.24.7.2 Energy must be trans-
formed into the living system to support life. When it is not, the 
organism soon dies and tends toward disorder.

The first law of thermodynamics is a universal law of nature for 
which no exceptions have been observed. The second law, however, 
is a probability statement. Disordered states are much more probable 
than ordered states. Given enough time, even the most improbable 
states may occur; entropy may sometimes spontaneously decrease. 
Although theoretically the haphazard motions of air molecules could 
momentarily become harmonious in a corner of the room, or a bar-
relful of pennies dumped on the floor could all come up heads, or 
a breeze might come into a messy room and make it organized, the 
odds of these things actually occurring are infinitesimally small. 

FIGURE 24.14 �
This run-down house 
demonstrates entropy. 
Without continual 
maintenance, the 
house will eventually 
fall apart.

“How do you unscram-
ble an egg?” Answer: 
“Feed it to a chicken.” 
But even then you 
won’t get your       
original egg back. 
Making eggs takes 
energy and increases 
entropy.
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24.7   Entropy

Key Term
entropy

� Teaching Tip Explain that 
entropy depends on the number 
of possibilities. A flipped coin can 
come up only as heads or tails. 
Flip a coin and the probability 
of it landing heads up is 0.5. Flip 
two coins and they can land four 
ways (both heads, both tails, 
head and tail, tail and head). The 
probability of both landing heads 
up is 0.25. Three flipped coins 
can land eight ways; the chances 
of all three landing heads up 
diminishes to 0.125. The greater 
the number of coins, the less the 
probability of their landing in an 
ordered arrangement. Dump a 
barrel of coins on the floor and 
the chances of them all landing 
heads up is vanishingly small. 
Landing all heads up is possible, 
but enormously improbable.

� Teaching Tip Explain that 
entropy can be expressed as a 
mathematical equation, stating 
that the increase in entropy DS in 
an ideal thermodynamic system 
is equal to the amount of heat 
added to a system DQ divided by 
the temperature T of the system: 
DS 5 DQ/T. If the probability 
P of the state is high, then the 
entropy is high, as expressed in 
Boltzman’s famous equation, 
S 5 k log P.
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These situations are possible—but so highly improbable that 
they are never observed.   The second law tells us the most probable 
course of events—not the only possible one.

The laws of thermodynamics are sometimes put this way: You 
can’t win (because you can’t get any more energy out of a system 
than you put in), you can’t break even (because you can’t even get as 
much energy out as you put in), and you can’t get out of the game 
(entropy in the universe is always increasing).

CONCEPT
CHECK ...

... What always happens to the entropy of systems?
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� FIGURE 24.15
The motto of this contrac-
tor—“Increasing entropy is 
our business”—is appropri-
ate because by knocking 
down the building, the con-
tractor increases the disor-
der of the structure.

Thermodynamics and Thermal Pollution
A modern electric power plant, though large and 
complex, can be approximated as a simple heat 
engine. The power plant uses heat from the burn-
ing of coal, oil, gas, or heat from nuclear fission to 
do work turning electric generators. In this process, 
it also produces waste heat as an inevitable con-
sequence of the second law of 
thermodynamics. This waste 
heat is sometimes called thermal
pollution because, like chemical 
wastes, it pollutes the environ-
ment.

Waste heat discharged into wa-
terways can raise temperatures 
of aquatic environments enough 
to kill organisms and disrupt
ecosystems. Waste heat 

discharged into the air can contribute to weather 
changes. Thermal pollution is unlike chemical pol-
lution, since chemical pollution can be reduced by 
various methods. The only way to manage thermal 
pollution is to spread waste heat over areas large 
enough to absorb it without significantly increasing 

temperatures. Conservation 
and efficient technology are 
absolutely crucial to the health 
of our planet.

Critical Thinking Explain how 
the second law of thermody-
namics tells us that it is impos-
sible to produce usable energy 
with zero environmental impact. 
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� Teaching Tip Compare 
entropy to playing cards. A new 
deck of cards comes out of its 
box in ordered suits. Shuffle the 
deck once and you have disorder. 
Shuffle it again and you have 
more disorder. Think of the 
probability of shuffling the deck 
enough times to get some degree 
of order from the disorder.

Consider the old riddle, “How 
do you unscramble an egg?” 
The answer is simple: “Feed it 
to a chicken.” But even then, 
you won’t get all your original 
egg back—egg making has its 
inefficiencies, too! 

 According to the 
second law of 

thermodynamics, in the long run, 
the entropy of a system always 
increases for natural processes.

Science, Technology, 
and Society

CRITICAL THINKING All energy 
transformations produce waste 
heat, and waste heat pollutes 
the environment.
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