7. Solve. The only unknown in our energy equation (point 5) is Ly, the latent
heat of fusion (or melting) of mercury. We solve for it, putting in my, = 1.0 kg:
192001 — 7770

He 1.0kg

= 11,400 J/kg = 11 kJ/kg,
where we rounded off to 2 significant figures.

Evaporation

The latent heat to change a liquid to a gas is needed not only at the boiling
point. Water can change from the liquid to the gas phase even at room temper-
ature. This process is called evaporation (see also Section [3-13). The value of
the heat of vaporization of water increases slightly with a decrease in temperature:
at 20°C, for example, it is 2450 kJ/kg (585 kecal/kg) compared to 2260 kI /kg
(= 539 kcal/kg) at 100°C. When water evaporates, the remaining liquid cools,
because the energy required (the latent heat of vaporization) comes from the
water itself: so its internal energy, and therefore its temperature, must drop.’ .

Evaporation of water from the skin is one of the most important methods {E PHYSICS APPLIED
the body uses to control its temperature. When the temperature of the blood Body temperaiure
rises slightly above normal, the hypothalamus region of the brain detects this
temperature increase and sends a signal to the sweat glands to increase their
production. The energy (latent heat) required to vaporize this water comes from
the body, and hence the body cools.

Kinetic Theory of Latent Heats

We can make use of kinetic theory to see why energy is needed to melt or vaporize
a substance. At the melting point, the latent heat of fusion does not act to increase
the average kinetic energy (and the temperature) of the molecules in the solid. but
instead is used to overcome the potential energy associated with the forces between
the molecules. That is, work must be done against these attractive forces to break
the molecules loose from their relatively fixed positions in the solid so they can
freely roll over one another in the liquid phase. Similarly, energy is required for
molecules held close together in the liquid phase to escape into the gaseous phase.
This process is a more violent reorganization of the molecules than is melting (the
average distance between the molecules is greatly increased), and hence the heat of
vaporization is generally much greater than the heat of fusion for a given substance.

Heat Transfer: Conduction

Heat transfer from one place or object to another occurs in three different  Three methods of
ways: by conduction, convection, and radiation. We now discuss each of these in  ficat transfer
turn; but in practical situations, any two or all three may be operating at the
same time. This Section deals with conduction.
When a metal poker is put in a hot fire, or a silver spoon is placed in a hot
bowl of soup, the end that you hold soon becomes hot as well, even though it is
not directly in contact with the source of heat. We say that heat has been
conducted from the hot end to the cold end.
Heat conduction in many materials can be visualized as being carried out
via molecular collisions. As one end of an object is heated, the molecules there
maove faster and faster. As they collide with their slower-moving neighbors, they
transfer some of their kinetic energy to these molecules, whose speeds thus
increase. These in turn transfer some of their energy by collision with molecules
still farther along the object. Thus the kinetic energy of thermal motion is
transferred by molecular collision along the object. In metals, according to
modern theory, it is collisions of free electrons within the metal that are
visualized as being mainly responsible for conduction.

"According to kinetic theory, cvaporation is a cooling process because it is the fastest-moving
molecules that escape from the surface (Section 13-13). Hence the average speed of the remaining
molecules is less, so by Eq. 13-8 the temperature is less.
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