m Heat as Energy Transfer

We use the term “heat” in everyday life as if we knew what we meant. But the
term is often used inconsistently, so it is important for us to define heat clearly,
and to clarify the phenomena and concepts related to heat.

We commonly speak of the flow of heat—heat flows from a stove burner to
a pot of soup, from the Sun to the Earth, from a person’s mouth into a fever
thermometer. Heat flows spontancously from an object at higher temperature to
one at lower temperature. Indeed, an eighteenth-century model of heat pictured
heat flow as movement of a fluid substance called caloric. However, the caloric
fluid was never able to be detected. In the nineteenth century, it was found that
the various phenomena associated with heat could be described consistently
using a new model that views heat as being akin to work, as we will discuss in a
moment. First we note that a common unit for heat, still in use today, is named
after caloric. Tt is called the ecalorie (cal) and is defined as the amount of heat
necessary to raise the temperature of I gram of water by 1 Celsius degree. [To be
precise, the particular temperature range from [4.5°C to 15.5°C is specified
because the heat required is very slightly different at different temperatures. The
difference is less than 1% over the range 0 to 100°C, and we will ignore it for
most purposes.| More often used than the calorie is the kiloealorie (kcal), which
is 1000 calories. Thus 7 kcal is the heat needed to raise I kg of water by I C*. Often
a kilocalorie is called a Calorie (with a capital C), and it is by this unit that the
energy value of food is specified. In the British system of units, heat is
measured in British thermal units (Btu). One Btu is defined as the heat needed
to raise the temperature of 1 Ib of water by 1 F*. It can be shown (Problem 4)
that 1 Btu = 0.252 kcal = 1055].

The idea that heat is related to energy was pursued by a number of scien-
tists in the 1800s, particularly by an English brewer, James Prescott Joule
(1818-1889). Joule and others performed a number of experiments that were
crucial for establishing our present-day view that heat, like work, represents a
transfer of energy. One of Joule’s experiments is shown (simplified) in
Fig. 14-1. The falling weight causes the paddle wheel to turn. The friction
between the water and the paddle wheel causes the temperature of the water to
rise slightly (barely measurable, in fact, by Joule). The same temperature rise
could also be obtained by heating the water on a hot stove. In this and many
other experiments (some involving electrical energy), Joule determined that a
given amount of work done was always equivalent to a particular amount of
heat input. Quantitatively, 4.186 joules (I) of work was found to be equiva-
lent to 1 calorie (cal) of heat. This is known as the mechanical equivalent
of heat:

4.186] = 1 cal;
4,186 kJ = 1 kcal.

As a result of these and other experiments, scientists came to interpret heat
not as a substance, and not exactly as a form of energy. Rather, heat refers to a
transfer of energy: when heat flows from a hot object to a cooler one, it is energy
that is being transferred from the hot to the cold object. Thus, heat is energy
transferred from one object to another because of a difference in temperature. In
ST units, the unit for heat, as for any form of energy, is the joule, Nonetheless,
calories and kcal are still sometimes used. Today the calorie is defined in terms of
the joule (via the mechanical equivalent of heat, above), rather than in terms of
the properties of water, as given previously. The latter is still handy to remember:
1 cal raises 1 g of water by 1 C°, or | keal raises 1 kg of water by 1 C°.

Whenever we use the word “heat,” we mean an energy transfer from one
place or object to another at a lower temperature.
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FIGURE 14-1 Joule's experiment
on the mechanical equivalent of heat.
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