J Summary

Internal energy, U, refers to the total energy of all the mole-
cules in an object. For an ideal monatomic gas,

U = iNKT = inRT (14-1)
where N is the number of molecules or n is the number of moles.

Heat refers to the transfer of energy from one object to
another because of a difference of temperature. Heat is thus
measured in energy units, such as joules.

Heat and internal energy are also sometimes specified in
calories or kilocalories (kcal), where

1 keal = 4.186 kJ
is the amount of heat needed to raise the temperature of 1 kg
of water by 1 C°,

The specific heat. ¢, of a substance is defined as the
energy (or heat) required to change the temperature of unit
mass of substance by 1 degree: as an equation,

O = mc AT, (14-2)
where (2 is the heat absorbed or given off, AT is the tempera-
ture increase or decrease, and m is the mass of the substance,

When heat flows between parts of an isolated system,
conservation of energy tells us that the heat gained by one
part of the system is equal to the heat lost by the other part of
the system. This is the basis of calorimetry, which is the quan-
titative measurement of heat exchange.

. Questions

Exchange of energy occurs, without a change in tempera-
ture, whenever a substance changes phase. The heat of fusion
is the heat required to melt 1 kg of a solid into the liquid
phase: it is also equal to the heat given off when the substance
changes from liquid to solid. The heat of vaporization is the
energy required to change 1 kg of a substance from the liguid
to the vapor phase; it is also the energy given off when the
substance changes from vapor to liquid.

Heat is transferred from one place (or object) to another
in three different wavs: conduction, convection, and radiation.

In eonduction, energy is transferred from molecules or
electrons with higher kinetic energy to lower-KE neighbors
when they collide.

Convection is the transfer of energy by the mass move-
ment of molecules over considerable distances.

Radiation, which does not require the presence of
matter, is energy transfer by electromagnetic waves. such as
from the Sun. All objects radiate energy in an amount that is
proportional to the fourth power of their Kelvin temperature
(T*) and to their surface area, The energy radiated (or
absorbed) also depends on the nature of the surface (dark
surfaces absorb and radiate more than do bright shiny ones),
which is characterized by the emissivity, e.

Radiation from the Sun arrives at the surface of the
Earth on a clear day at a rate of about 1000 W/m",

1. What happens to the work done when a jar of orange
juice is vigorously shaken?

2. When a hot object warms a cooler object, does tempera-
ture flow between them? Are the temperature changes of
the two objects equal?

3. (a) If two objects of different temperatures are placed in
contact, will heat naturally flow from the object with
higher internal energy to the object with lower internal
energy? (b) Is it possible for heat to flow even if the
internal energies of the two objects are the same? Explain.

4. In warm regions where tropical plants grow but the
temperature may drop below freezing a few times in the
winter, the destruction of sensitive plants due to freezing
can be reduced by watering them in the evening. Explain.

5. The specific heat of water is quite large. Explain why this
fact makes water particularly good for heating systems
(that is, hot-water radiators).

6. Why does water in a metal canteen stay cooler if the cloth

jacket surrounding the canteen is kept moist?

Explain why burns caused by steam on the skin are often

more severe than burns caused by water at 100°C.

8. Explain why water cools (its temperature drops) when it
evaporates, using the concepts of latent heat and internal
energy.

9. Will potatoes cook faster if the water is boiling faster?

10. Does an ordinary electric fan cool the air? Why or why

not? If not, why use it?
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11. Very high in the Earth’s atmosphere, the temperature can
be 700°C. Yet an animal there would freeze to death
rather than roast. Explain.

12

Explorers on failed Arctic expeditions have survived by
covering themselves with snow. Why would thev do that?
Why is wet sand at the beach cooler to walk on than dry
sand?

14. If you hear that an object has “high heat content.” does that
mean that its temperature is high? Explain.

I5. When hot-air furnaces are used to heat a house. why is it
important that there be a vent for air to return to the
furnace? What happens if this vent is blocked by a bookcase?

16. Ceiling fans are sometimes reversible, so that they drive the

air down in one season and pull it up in another season.

Which way should you set the fan for summer? For winter?

Down sleeping bags and parkas are often specified as so

many inches or centimeters of loft, the actual thickness of

the garment when it is fluffed up. Explain.

18. Microprocessor chips have a “heat sink™ glued on top that

looks like a series of fins. Why is it shaped like that?

Sea breezes are often encountered on sunny days at the

shore of a large body of water. Explain in light of the fact

that the temperature of the land rises more rapidly than
that of the nearby water.

The floor of a house on a foundation under which the air

can flow is often cooler than a floor that rests directly on

the ground (such as a concrete slab foundation). Explain.

21. A 22°C day is warm, while a swimming pool at 22°C feels

cool, Why?

Explain why air temperature readings are always taken

with the thermometer in the shade.

A premature baby in an incubator can be dangerously

cooled even when the air temperature in the incubator is

warm. Explain.
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