
Mrs. Lee 
 
Physics 
 
Week 4 2nd semester 
 
This week we will continue with thermodynamics.  Please read section 6.4, 6.5 and 6.6 and 
complete questions at the end of each section.  Please submit all work to 
mlee@floydbroncos.com or 575-562-0154.  Have a great week!! 
 
 

6.4 Heat 
Learning Objective 

Distinguish between heat and temperature. 

If you touch a hot stove, thermal energy enters your hand because the stove is warmer 
than your hand. When you touch a piece of ice, however, thermal energy passes out of 
your hand and into the colder ice. The direction of energy flow is always from a warmer 
thing to a neighboring cooler thing. A scientist defines heat as the thermal energy 
transferred from one thing to another due to a temperature difference. 

According to this definition, matter does not contain heat. Matter contains thermal 
energy, not heat. Heat is the flow of thermal energy due to a temperature difference. 

Once thermal energy has been transferred to an object or substance, it ceases to be 
heat. Heat is thermal energy in transit. 

For substances in thermal contact, thermal energy flows from the higher-temperature 

substance to the lower-temperature substance until thermal equilibrium is reached. This 
does not mean that thermal energy necessarily flows from a substance with more 
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thermal energy into one with less thermal energy. For example, there is more thermal 
energy in a bowl of warm water than there is in a red-hot thumbtack. If the tack is placed 

into the water, thermal energy doesn’t flow from the warm water to the tack. Instead, it 
flows from the hot tack to the cooler water. Thermal energy never flows unassisted from 

a lower-temperature substance to a higher-temperature substance. 

If heat is thermal energy that transfers in a direction from hot to cold, what is cold? Does 
a cold substance contain something opposite to thermal energy? No. An object is not 

cold because it contains something but because it lacks something. It lacks thermal 
energy. When outdoors on a near-zero winter day, you feel cold not because something 

called cold gets to you. You feel cold because you lose heat. That’s the purpose of your 

coat—to slow down the heat flow from your body. Cold is not a thing in itself; it is the 
result of reduced thermal energy. 

Check Yourself 

Which has a higher temperature—a red-hot thumb tack or a lake? Which has more 

thermal energy? 

Just as dark is the absence of light, cold is the absence of thermal energy. 

Quantity of Heat 
Heat is a form of energy, and it is measured in joules. It takes about 4.2 joules of heat to 
change 1 gram of water by 1 Celsius degree. A unit of heat still common in the United 
States is the calorie.* A calorie is defined as the amount of heat needed to change the 
temperature of 1 gram of water by 1 Celsius degree. (The relationship between calories 
and joules is 1 calorie=4.19 joules.) 
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Temperature is measured in degrees. Heat is measured in joules or calories. 

The energy ratings of foods and fuels are measured by the energy released when they 

are burned. (Metabolism is really “burning” at a slow rate.) The heat unit for labeling 
food is the kilocalorie, which is 1000 calories (the heat needed to change the 

temperature of 1 kilogram of water by 1°C). To differentiate this unit and the smaller 

calorie, the food unit is usually called a Calorie, with a capital C. So, 1 Calorie is really 
1000 calories. 

 

6.4 Heat 
8. When you touch a cold surface, does cold travel from the surface to your 

hand or does energy travel from your hand to the cold surface? Explain. 

9. (a) Distinguish between temperature and heat. (b) Distinguish between 
heat and thermal energy. 

10.What determines the direction of heat flow? 
11.Distinguish between a calorie and a Calorie, and between a calorie and 

a joule. 



 

6.5 The Laws of Thermodynamics 

Learning Objective 

Describe the three laws of thermodynamics. 

What we’ve learned thus far about heat and thermal energy is summed up in the laws of 
thermodynamics. The word thermo stems from Greek words meaning “movement of 
heat.” It is the study of heat and its transformation into different forms of energy. 

When thermal energy transfers as heat, it does so without net loss or gain. The energy 
lost in one place is gained in another. When the law of conservation of energy (which 
we discussed earlier) is applied to thermal systems, we have the first law of 
thermodynamics: 

Whenever heat flows into or out of a system, the gain or loss of thermal 
energy equals the amount of heat transferred. 

A system is any substance, device, or well-defined group of atoms or molecules. The 
system may be the steam in a steam engine, the entire Earth’s atmosphere, or even the 
body of a living creature. When we add heat to any of these systems, we increase its 
thermal energy. The added energy enables the system to do work. The first law makes 
good sense. 

The first law is nicely illustrated when you put an airtight can of air on a hot stove and 
warm it. The energy that is put in increases the thermal energy of the enclosed air, so 
its temperature rises. If the can is fitted with a movable piston, then the heated air can 
do mechanical work as it expands and pushes the piston outward. This ability to do 
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mechanical work is energy that comes from the energy you put in to begin with. The first 
law says you don’t get energy from nothing. 

The second law of thermodynamics restates what we’ve learned about the direction 
of heat flow: 

Heat never spontaneously flows from a lower-temperature substance to a 
higher-temperature substance. 

When heat flow is spontaneous—that is, when no external work is done—the direction 
of flow is always from hot to cold. In winter, heat flows from inside a warm home to the 
cold air outside. In summer, heat flows from the hot air outside into the cooler interior. 
Heat can be made to flow the other way only when work is done on the system or when 
energy is added from another source. This occurs with heat pumps and air conditioners. 
In these devices, thermal energy is pumped from a cooler to a warmer region. But 
without external effort, the direction of heat flow is from hot to cold. The second law, like 
the first law, makes logical sense.* 

Unifying Concept 
The Second Law of Thermodynamics 

The third law of thermodynamics restates what we’ve learned about the lowest limit 
of temperature: 

No system can reach absolute zero. 

As investigators attempt to reach this lowest temperature, it becomes more difficult to 
get closer to it. Physicists have been able to record temperatures that are less than a 
millionth of 1 kelvin, but never as low as 0 K. 
Entropy 
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Learning Objective 

Relate the dispersal of energy to the concept of entropy. 

Energy tends to disperse. It flows from where it is localized to where it is spread out. For 
example, consider a hot pan once you have taken it off the stove. The pan’s thermal 
energy doesn’t stay localized in the pan. Instead, it disperses outward, away from the 
pan into its surroundings. As the pan is heated, energetic molecules transfer energy to 
the air by molecular collisions as well as by radiation. Consider a second example: The 
chemical energy in gasoline burns explosively in a car engine when the molecules 
combust. Some of this energy disperses through the transmission to get the car moving. 
The rest of the energy disperses as heat into the metal of the engine, into the coolant 
that flows through the engine and the radiator, and into the gases that flow through the 
engine and out the exhaust pipe. The energy, once localized in the small volume of the 
gasoline, is now spread out through a larger volume of space. Or, witness the 
dispersion of energy when you pick up an object—a marble, for example—and drop it. 
When you lift the marble, you give it potential energy. Drop it and that potential energy 
converts to kinetic energy, pushing air aside as it falls (thereby spreading out the 
marble’s kinetic energy a bit), before hitting the ground. When the marble hits the 
ground, most energy disperses as heat and sound. So we see that the potential energy 
you put into the marble by lifting it, which was once localized in the marble, is now 
spread out and dispersed in a little air movement plus the heating of the air and ground. 
The marble bounces before it finally comes to rest; in each bounce, energy spreads out  

The tendency of energy to spread out is one of the central driving forces of nature. 
Processes that disperse energy tend to occur spontaneously—they are favored. The 
opposite holds true as well. Processes that result in the concentration of energy tend 
not to occur—they are not favored. Heat from the room doesn’t spontaneously flow into 
the frying pan to heat it up. Likewise, the lower-energy molecules of a car’s exhaust 
won’t on their own come back together to re-form the higher-energy molecules of 
gasoline. And, needless to say, dropped marbles don’t jump back into your hand. The 
natural flow of energy is always a one-way trip from where it is concentrated to where it 
is spread out. The second law of thermodynamics states this principle for heat flow. But 
now we can see that the second law of thermodynamics can be generalized and stated 
this way: 

Natural systems tend to disperse from concentrated and organized- energy 
states toward diffuse and disorganized states. 

The least concentrated form of energy is thermal energy. So, since organized forms of 
energy tend to become less organized, they ultimately degrade into the environment as 



thermal energy. Further, when energy is dispersed, it is less able to do useful work than 
when it was concentrated—in effect, it becomes diluted. So, thermal energy is the 
graveyard of useful energy. 

The measure of energy dispersal is a quantity known as entropy.* More entropy means 
more degradation of energy. Since energy tends to degrade and disperse with time, the 
total amount of entropy in any system tends to increase with time.  The same is true for 
the largest system: the universe. The net entropy in the universe is continuously 
increasing (the universe is continuously running “downhill”). 

Here’s another way of stating the laws of thermodynamics: You can’t win (because 
you can’t get any more energy out of a system than you put into it), you can’t break 
even (because you can’t get as much useful energy out as you put in), and you 
can’t get out of the game (entropy in the universe is always increasing). 

We say net entropy because there are some regions where energy is actually being 
organized and concentrated. Work input from outside of an isolated system can 
decrease entropy in the system, with energy proceeding toward organization and 
concentration in that system. For example, diffuse thermal energy in the air can be 
concentrated in a heat pump. And living things seem to defy the second law of 
thermodynamics with their highly organized and concentrated energy. But, on closer 
examination, the orderliness we observe among life forms is a result of energy input. 
Ultimately, the energy that builds and maintains orderly biological systems comes 
mostly from the Sun when plants build energy-rich sugar molecules from disorderly 
gases and liquids during photosynthesis. The spontaneous processes that occur within 
organisms actually do increase entropy—consider, for example, the diffusion of 
nutrients across a cell membrane. Without some outside energy input, processes in 
which entropy decreases are not observed in nature. 

Interestingly, the direction of time’s passage is linked to increasing entropy; examples 
are a leaf falling from a tree, wood burning in a fire, and even the hands of a clock 
moving. As these occur, energy is dispersed, and we gain the sense that time moves 
forward. To put it another way, consider the likelihood of a burned log in a fire becoming 
whole, or a leaf on the ground spontaneously moving upward to join the branch from 
which it came. These cases involve the opposite of the dispersion of energy, which 
would be perceived as time moving backward. Hence, entropy is both a gauge for the 
dispersal of energy and time’s arrow. 
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Leaves make sugar. Plants are the only thing in the universe that can make sugar 
out of nonliving inorganic matter. All the sugar that you have ever eaten was first 
made within a leaf. Without a constant supply of glucose to your brain, you will die. 
Period. 

—Hope Jahren 

6.5 The Laws of 

Thermodynamics 
12.How does the law of conservation of energy relate to the first law of 

thermodynamics? 
13.What happens to the thermal energy of a system when mechanical work 

is done on the system? What happens to the temperature of the system? 
14.How does the second law of thermodynamics relate to the direction of 

heat flow? 

6.6 Specific Heat Capacity 

Learning Objective 

Relate the specific heat capacity of substances to thermal inertia. 

You’ve likely noticed that some foods remain hotter much longer than others. Whereas 
the filling of a hot apple pie can burn your tongue, the crust does not, even when the pie 
has just been removed from the oven. Or a piece of toast may be comfortably eaten a 



few seconds after popping from a hot toaster, whereas you must wait several minutes 
before eating a bowl of soup that initially had the same temperature. 

Different substances have different capacities for storing thermal energy. If we heat a 
pot of water on a stove, we might find that it requires 15 minutes to raise it from room 
temperature to its boiling temperature. But if we put an equal mass of iron on the same 
stove, we’d find it would rise through the same temperature range in only about 2 
minutes. For silver, the time would be less than a minute. Different materials require 
different quantities of heat to raise the temperature of a given mass of the material by a 
specified number of degrees. This is because different materials absorb energy in 
different ways. The energy may increase the translational motion of molecules, which 
raises the temperature; or it may increase the amount of internal vibration or rotation 
within the molecules and go into potential energy, which does not raise the temperature. 
Generally, there is a combination of both. 

A gram of water requires 1 calorie of energy to raise the temperature 1 degree Celsius. 
It takes only about one-eighth as much energy to raise the temperature of a gram of iron 
by the same amount. Water absorbs more heat than iron for the same change in 
temperature. We say water has a higher specific heat capacity (symbol c, sometimes 
called specific heat). 

The specific heat capacity of any substance is the quantity of heat required to 
change the temperature of a unit mass of the substance by 1 degree Celsius. 

We can think of specific heat capacity as thermal inertia. Recall that inertia is a term 
used in mechanics to signify the resistance of an object to a change in its state of 
motion. Specific heat capacity is like thermal inertia because it signifies the resistance of 
a substance to a change in temperature. 

Check Yourself 

Water has a much higher capacity for storing energy than almost all other substances. 
A lot of heat energy is needed to change the temperature of water. This explains why 
water is very useful in the cooling systems of automobiles and other engines. It absorbs 
a great quantity of heat for small increases in temperature. Water also takes longer to 
cool. 
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The Heat-Transfer Equation 

We can use specific heat capacity to write a formula for the quantity of heat Q involved 
when a mass m of a substance undergoes a change in temperature:  

Q=cmΔT 

Q=cmΔT. In words, heat transferred into or out of a substance = specific heat capacity 
of the substance × mass of the substance × the substance’s temperature change. This 
equation is valid for a substance that gets warmer as well as for one that cools. When a 
substance is warming up, the heat transferred into it, Q, is positive. When a substance 
is cooling off, Q has a minus sign. 
Specific Heat Capacity and Earth’s Climate 

Learning Objective 

Relate thermal inertia to Earth's climate. 

Water’s high specific heat capacity affects the world’s climate. Look at a globe or a map 
of the Northern Hemisphere and notice the high latitude of Europe. Water’s high specific 
heat keeps Europe’s climate appreciably milder than regions of the same latitude in 
northeastern Canada. Both Europe and Canada receive about the same amount of 
sunlight per square kilometer. What happens is that the Atlantic Ocean current known 
as the Gulf Stream carries warm water northeastward from the Caribbean Sea. The 
water retains much of its thermal energy long enough to reach the North Atlantic Ocean 
off the coast of Europe. Then it cools, releasing 4.19 joules of energy for each gram of 
water that cools by 1°C. The released energy is carried by westerly winds over the 
European continent. 



A similar effect occurs in the United States. The winds in North America are mostly 
westerly. On the West Coast, air moves from the Pacific Ocean to the land. In winter 
months, the ocean water is warmer than the air. Air blows over the warm water and then 
moves over the coastal regions. This produces a warmer climate. In summer, the 
opposite occurs. The water cools the air, and the coastal regions are cooled. The East 
Coast does not benefit from the moderating effects of water because the direction of the 
prevailing wind is eastward from the land to the Atlantic Ocean. Land, with a lower 
specific heat capacity, gets hot in the summer but cools rapidly in the winter. 

Islands and peninsulas do not have the extremes of temperatures that are common in 
the interior regions of a continent. The high summer and low winter temperatures 
common in Manitoba and the Dakotas, for example, are largely due to the absence of 
large bodies of water. Europeans, islanders, and people living near ocean air currents 
should be glad that water has such a high specific heat capacity. San Franciscans 
certainly are! 

More discussion on the effects of ocean currents on global climate are featured in Part 
4. 

6.6 Specific Heat Capacity 

15.Which warms up faster when heat is applied—iron or silver? 
16.Does a substance that heats up quickly have a high or low specific heat 

capacity? 
17.How does the specific heat capacity of water compare with the specific 

heat capacities of other common materials? 
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