Lecture 48 '
(CH14:2-3)
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Example: A flexible container contains 2.42 x 10° m” of fluid at room T. Somebody pushes on
the container, maintaining a constant 1-atm pressure, and reduces its volume by 25 %. How
much work is done on the fluid 7

Work done on the fluid: W = -P(VV)) = latm(0.75V; - Vj) =

= - (1.013x10° Pa)V(-0.25) = (1.013x10° Pa)( 2.42 x 10° m*)(0.25)= 0.61 J
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46. ORGANIZE AND PLAN The work done on the gas in an adiabatic process is
proportional to the difference between two products: the final pressure times
volume minus the initial pressure times volume. From the ideal gas law this
means that the work done on the gas is proportional o the difference
between final and initial temperature. 5
Known: n=20mol W=-7504,
SOLVE ()T 7

[

i

decreascs.

The reason for this is that to do work the gas must expend its internal
energy, which is proportional to temperature for a diatomic gas.

(b) The work done in an adiabatic process is:
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Rewrite this expression using the ideal gas law: R\é’l WAL {
¥
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Solve for the temperature difference and insert

{7 }
| L1750 3
arlm 5 ) =—I8K
R (2.(} moi)(&Bl Il(mol K))

REFLECT The expression we derived here between the work done and the

temperature difference holds true for all adiabatic processes if the gas is an
ideal gas.
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Calorimetry reveals that a Milky Way® candy bar contains more energy than a stick

of dynamite. The candy bar contains 200 food Calories. That’s 200,000 physicist

calories or about 840,000 joules! Nearly a megajoule! A megajoule of energy froma
candybar can perform enough work to lift an average 70-kilogram human being 1200
meters in the air. That's higher than the cliff face of Yosemite’s Fl Capitan. No stick of
dynamite can do that! In fact.an ounce of dynamite produces only one-guarter as

many calories when it explodes as an ounce of sugar does when it burns.
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ORGANIZE AND PLAN  The efficiency is the ratio between work done and heat used.
Known: W=6503, 0, =12701.

bOLYE The heat engine’s efticiency 1s: i}( f‘i\ “ - \W «k \\b\ .
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96.0RGANIZE AND PLAN  The maximum efficiency is that of a Carnot engine, one minus the
temperature ratio between the cold and hot reservoirs.
Known: T, =1030°C; T, = 590°C.
SOLVE The maximum efficiency is:

(590°C) L (S %O + T3 )
=0348 = -

(A0504 T13)

REFLECT If you could invent a way of operating a jet engine such that the exhaust
temperature is that of the surrounding air (typically —40°C at the cruising height of
commercial airliners), you would raise the maximum efficiency to better than 0.8!
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