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Thermodynamics

Problem B

PROBLEM v :
In 1992, residents of Arkansas consumed, on average, 11.4 L of gasoline
per vehicle per day. If this amount of gasohne burns completely in a pure
combustion reaction, it will release 4.3 x 108 J of energy. Suppose this
amount of energy is transferred by heat from a quantity of gas confined
in a very large cylinder. The cylinder, however, is equipped with a piston,
and shortly after the energy is transferred by heat from the cylinder, work
is done on the gas. The magnitude of the energy transferred by work is
equal to one-third the magnitude of the energy transferred by heat. If the
initial internal energy of the gas is 1.00 X 10° J, what is the final internal
energy of the gas?

SOLUTION
1. DEFINE Given: Ui=1.00x10°] Q=-43x10%]

W=Q3=—(43%x102])/3=-1.4x10%]

Work is done on the gas, so work, W, has a negative value and increases the inter-
nal energy of the gas. Energy is transferred from the gas by heat, Q, which re-
duces the gas’ internal energy. Therefore, Q must have a negative value.

Unknown: Uf =

2.PLAN Choose the equation(s) or situation: Apply the first law of thermodynamics
using the definition of the change in internal energy (AU = Uy — Uj;) and the
values for the energy transferred by heat, Q, and work, W, to find the value for
the final internal energy.

AU=Q-W AU = ()"7-"\"\"
V — d".\/ "y
Uf U Q W ) 'Y)\‘/ A T W oo )(
Rearrange the equation(s) to isolate the unknown(s) :) Kot Airie b 1
Up=Q-W+U aeb). S den

3. CALCULATE Substitute the values into the equation(s) and solve:

Ur =(-43x10°]) - (-1.4x 10%]) + (1.00 x 10° )

Ur=| 7.1x10%]

4. EVALUATE The final internal energy is less than the initial internal energy because three
times as much energy was transferred away from the gas by heat as was trans-
ferred to the gas by work done on the gas.

ADDITIONAL PRACTICE :

1. The heaviest snake ever found had a mass of 227 kg and measured
8.45 m in length. Suppose a sample of a gas with an initial internal en-
ergy of 42.0 kJ performs an amount of work equal to that needed to lift
the snake to a height equal to its length. If 4.00 k] of energy is transferred
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to the gas by heat during the lifting process, what will be the final inter-
nal energy of the gas?

. The most massive cannon ever built was made in Russia in 1868. This

cannon had a mass in excess of 1.40 x 10° kg and could fire cannonballs
with masses up to 4.80 X 10° kg. If the gunpowder in the cannon burned
very quickly (adiabatically), forming compressed gas in the barrel, then
the gas would expand and perform work on the cannonball. Suppose the
initial speed of one of these cannonballs is 2.00 X 10% m/s.
a. How much work is done by the expanding gas?
b. If the internal energy of the gas is 12.0 MJ when the cannonball
leaves the barrel, what is the initial internal energy of the gas im-
mediately after all of the powder burns?

The world’s largest jelly, which had a mass of about 4.00 X 10* kg, was
made in Australia in 1981.

a. How much energy must be transferred by heat from the jelly in order
for its temperature to decrease 20.0°C? Assume that the specific heat
capacity of the jelly equals that of water.

b. Suppose all this energy is transferred by heat to a sample of gas. At
the same time, the gas does 1.64 X 10° ] of work on its surround-
ings. What is the net change in the internal energy of the gas?

The surface of Lake Ontario is 75.0 m above sea level. The mass of water
in the lake is about 1.64 x 10" kg. Imagine an enormous sample of gas
that performs an amount of work capable of lifting Lake Ontario 75.0 m
and that also transfers to the lake enough energy by heat to vaporize the
entire lake. If the initial temperature of the lake water is 6.0°C and the
internal energy of the gas decreases by 90.0 percent, what is the final
internal energy of the gas?

An average elephant has a mass of 5.00 x 10° kg. Contrary to popular be-
lief, elephants are not slow; they can achieve speeds of up to 40.0 km/h.
Imagine a sample of gas that does an amount of work equal to the work
required for an average elephant to move from rest to its maximum
speed. If the initial internal energy of the gas, 2.50 X 10 J, is to be dou-
bled, how much energy must be transferred to the gas by heat?

The rate of nuclear energy production in the United States in 1992 was
about 5.9 x 10° J/s. Suppose one second’s worth of this energy is trans-
ferred by heat to an ideal gas. How much work must be done on or by
this gas so that the net increase in its internal energy is 2.6 X 10° J2

Dan Koko, a professional stuntman, jumped onto an air pad from a
height of almost 1.00 X 10? m. His impact speed was about 141 km/h.
a. If all of Koko’s kinetic energy was transferred by heat to the air in
the air pad after the inelastic collision with the air pad, how much
work was done?
b. Assuming that the initial internal energy of the air in the pad is
40.0 MJ, determine the percent increase in the internal energy of
this air after Koko’s jump. Assume that Koko’s mass was 76.0 kg.
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