normally a warm updraft on a sunlit slope and a cold downdraft on a shaded
slope—and that rule one may depend on almost any day in a windless region
like the Yosemite. Indeed, one might readily take advantage of it and plan his
trips so as to have a dust-free journey.

The human body produces a great deal of thermal energy. Of the food
energy transformed within the body, at best 20% is used to do work, so over
80% appears as thermal energy. During light activity, for example, il this thermal
energy were not dissipated, the body temperature would rise about 3 C* per
hour. Clearly, the heat generated by the body must be transferred to the outside.
Is the heat transferred by conduction? The temperature of the skin in a
comfortable environment is 33 to 35°C, whereas the interior of the body is at
37°C. A simple calculation (see Problem 55) shows that, because of this small
temperature difference, plus the low thermal conductivity of tissue, direct
conduction is responsible for very little of the heat that must be dissipated.
Instead, the heat is carried to the surface by the blood. In addition to all its
other important responsibilities, blood acts as a convective fluid to transfer heat
to just beneath the surface of the skin. It is then conducted (over a very short
distance) to the surface. Once at the surface, the heat is transferred to the
environment by convection, evaporation, and radiation (see Section 14-8).

i [:=:% Heat Transfer: Radiation

Convection and conduction require the presence of matter as a medium to
carry the heat from the hotter to the colder region. But a third type of heat
transfer occurs without any medium at all. All life on Earth depends on the
transfer of energy from the Sun, and this energy is transferred to the Earth over
empty (or nearly empty) space. This form of energy transfer is heat—since the
Sun’s surface temperature is much higher (6000K) than Earth’s—and is
referred to as radiation (Fig. 14-11). The warmth we receive from a fire is
mainly radiant energy. (Most of the air heated by a fire in a fireplace rises by
convection up the chimney and does not reach us.)

As we shall see in later Chapters, radiation consists essentially of
clectromagnetic waves. Suffice it to say for now that radiation from the Sun
consists of visible light plus many other wavelengths that the eye is not
sensitive to, including infrared (IR) radiation, which is mainly responsible
for heating the Earth.

The rate at which an object radiates energy has been found to be proportional
to the fourth power of the Kelvin temperature, 7. That is, a body at 2000 K, as
compared to one at 1000 K, radiates energy at a rate 2* = 16 times as much.
The rate of radiation is also proportional to the area A of the emitting object,
s0 the rate at which energy leaves the object, AQ/Ar, is

AQ

— = eg AT", 14-5

ar pa=2)
This is called the Stefan-Boltzmann equation, and o is a universal constant
called the Stefan-Boltzmann constant which has the value

o =567 X 107°*W/m?-K*,

The factor e, called the emissivity, is a number between 0 and | that is
characteristic of the surface of the radiating material. Very black surfaces,
such as charcoal, have emissivity close to 1, whereas shiny metal surfaces have
e close 1o zero and thus emit correspondingly less radiation. The value of e
depends somewhat on the temperature of the body.

Not only do shiny surfaces emit less radiation, but they absorb little of the
radiation that falls upon them (most is reflected). Black and very dark objects,
on the other hand. absorb nearly all the radiation that falls on them—which is
why light-colored clothing is usually preferable to dark clothing on a hot day.
Thus, a good absorber is also a good emitter.
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FIGURE 14-11 The Sun’s surface
radiates at 6000 K—much higher
than the Earth’s surface.
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