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40 Processes in ideal gas systems
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Fig.3.14 Right circular cylinder fitted with leak-free frictionless piston.

Example

A right circular cylinder containing an ideal monatomic gas is fitted with
a frictionless leak-free piston. The axis of the cylinder is vertical (Fig. 3.14)
and the system is initially in equilibrium at a temperature of 300 K. The
weight of the piston is 150 N and its cross-sectional area is 1 X 10~ m?2. .
Initially the height of the gas column is 1 m. The external pressure on the
exterior of the cylinder and piston is zero.
An experimenter places a mass weighing 100 N on top of the piston. This
is done in four different ways in separate experiments. The starting condi-
tion of the apparatus is the same in each case. For each experiment deter-

mine the final height of the piston, the work done on the gas, and the heat
input.

(@) The experimenter gently lowers the added mass so that the piston
slowly approaches its new equilibrium state while the gas temperature
remains at 300K throughout the process.

(b) The added mass is released by the experimenter on to the top of the
piston when it is in its initial position. Eventually the piston reaches
a new equilibrium state at 300 K.

(c) The added mass is lowered gently as in experiment (a), but in this
experiment the cylinder and piston are insulated to prevent heat
transfer into or out of the gas. '

(d) The added mass is released as in (b), but the system is insulated against
heat transfer as in (c).

Solution (a)

For this example I will follow the above solution strategy in some detail.
The numbers (1)-(5) refer to the steps suggested.
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