energy per molecule times the total number of molecules, NV:
U = N($ mv?).
Using Eq. 13-8, K€ = fmv’ = 3 kT, we can write this as

U = 3NkT
or (recall Section 13-9)
U = 3nRT, [ideal monatomic gas] (14-1)

where n is the number of moles. Thus, the internal energy of an ideal gas
depends only on temperature and the number of moles of gas.

If the gas molecules contain more than one atom, then the rotational and
vibrational energy of the molecules (Fig. 14-2) must also be taken into account.
The internal energy will be greater at a given temperature than for a monatomic
gas, but it will still be a function only of temperature for an ideal gas.

The internal energy of real gases also depends mainly on temperature, but
where real gases deviate from ideal gas behavior, their internal energy depends
also somewhat on pressure and volume (due to atomic potential energy).

The internal energy of liquids and solids is quite complicated, for it includes
electrical potential energy associated with the forces (or “chemical” bonds)
between atoms and molecules.

m Specific Heat

If heat flows into an object, the object’s temperature rises (assuming no phase
change). But how much does the temperature rise? That depends. As early as the
eighteenth century, experimenters had recognized that the amount of heat Q
required to change the temperature of a given material is proportional to the mass
m of the material present and to the temperature change AT. This remarkable
simplicity in nature can be expressed in the equation

©Q = mc AT, (14-2)
where ¢ is a quantity characteristic of the material called its specific heat.
Because ¢ = Q/m AT, specific heat is specified in units of J/kg-C" (the
proper SI unit) or kcal/kg-C°. For water at 15°C and a constant pressure of
latm, ¢ = 4.19 x 10°J/kg-C° or 1.00 keal/kg-C", since, by definition of the
cal and the joule, it takes | kcal of heat to raise the temperature of 1 kg of water
by 1 C° Table 14-1 gives the values of specific heat for other substances at
20°C. The values of ¢ depend to some extent on temperature (as well as slightly
on pressure), but for temperature changes that are not too great, ¢ can often be
considered constant.

UM ESE How heat transferred depends on specific heat. (a) How
much heat input is needed to raise the temperature of an empty 20-kg vat made of
iron from 10°C to 90°C? (b) What if the vat is filled with 20 kg of water?
APPROACH We apply Eq. 14-2 to the different materials involved.

SOLUTION (a) Our system is the iron vat alone. From Table 14-1, the
specific heat of iron is 450J/kg-C°. The change in temperature is
(90°C — 10°C) = 80 C". Thus,

Q = mc AT = (20kg)(450J/kg-C°)(80 C) = 7.2 X 10°] = 720kJ.

(b) Our system is the vat plus the water. The water alone would require
Q = mc AT = (20kg)(4186 J/kg-C°)(80C°) = 6.7 x 10°J = 6700 k],

or almost 10 times what an equal mass of iron requires. The total, for the vat
plus the water.is 720k] + 6700 k] = 7400 k1.

NOTE In (b), the iron vat and the water underwent the same temperature
change, AT = 80 C", but their specific heats are different,

SECTION 14-3 Specific Heat

Internal energy of ideal monatomic gas
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FIGURE 14-2 Besides translational
kinetic energy. molecules can have

(a) rotational kinetic energy, and

(b) vibrational energy (both kinetic
and potential).

Relation between heat transfer and
temperature change

Specific heat

TABLE 14-1 Specific Heats
{at 1 atm constant pressure and 20°C

unless otherwise stated)
Specific Heat, ¢
keal/kg - C*

Substance (= cal/g-C*) J/kg-C®
Aluminum 0.22 900
Aleohol

{ethyl) 0.58 2400
Copper 0.093 390
Glass 0.20 840
Iron or steel 0.11 450
Lead 0.031 130
Marble 0.21 860
Mercury 0.033 140
Silver 0.056 230
Wood 0.4 1700
Water

Ice (—5°C) 0.50 2100

Liguid (15°C) 1.00 4186

Steam (110°C) 048 2010
Human body

(average) 0.83 3470
Protein 0.4 1700
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