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Cl'la[:)ter Il of RK Heat Engines and thermodgnamics

Ist Law of Thermodgnamics:

AU = AQ + AW

Fledt and Work are on the same Footing

We can convert work done to heat with great effectiveness: Think heated wire (Joule heating of resistors)

BUT: The converse is not so easgl

Converting heat into useful work is on|9 Possible ina “Lossg” fashion- we lose some heat to unwanted waste.
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Efficiency = i e x 100% :
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QHot
: Trot — Toold Carnot showed that this is optimal.
EfﬁCIenCY(CarnOt) i x 1007% (Cannot beat Carnot)
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Summary: Carnot showed: Q(Cold) /Q(Hot) is at most T (Cold) /T (Hot)

In general Qisa complex object but Tis simPIe gust measure it!). Hence this is a great simpliﬁca’cion.

Examl:)les:

Carnot’s Car: T(Hot) = Burning temp of fuel, T(Cold)= atmospheric tem (1000-20) /1000 x 100 = 98%
=P P i

Real cars S e s s

Coal fueled Power Plantz ot Coal temP) T(Colcl): river temperature;

Questions:

Whg do we lose so much, is this Preventable?

What, if angthing, went wrong with 1st law of thermodgnamics?
Is there a Piece of the story that we haver’t learnt 9et’?



Converting mechanical energy to
heat energy is easy, converse is difficult,
although allowed by 1st Law of thermodynamics

Efficiency definition and Carnot cycles emerge next.
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Z.ﬂCl [ aw Oi: thermoclunamics

* |tis imPossibie for a machine to take heat from a reservoir at T, Produce
work ancl exhaust heat into areservoir at same T .
o Sustems isolated from the environment will move towards equilibrium with

their surrounclings.

Linked ideas/ concepts
lmpossibiiitg of Perpetual motion.

Arrow or time:

Examp]e: glass of water with ice in it will warm up in a room at normal temperatures:

(e 698):

A Gas on one side of a chamber will fill both sides on removing Partitions.
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Other consequences: COMMENTS

* 1. Heat will not How spontaneouslg froma cold object toa First law does not

hot object. Prcclucle this!
* 2. Any system which is free of external influences becomes Entropy makes its
more disordered with time. This disorder can be expressecl in grancl entrance here. It
terms of the quantitg called entropy. is a measure of how
disordered the system
* % You cannot create a heat engine which extracts heat and 1s. At T=0 Kelvin)
converts it all to useful work. entropy IS Zero singe
all motion ceases
* 4 There is a thermal bottleneck which constrains devices (Barring QM zero
which convert stored energy to heat and then use the heat to Poiﬂt motion)

accomplis]ﬁ work. For a given mechanical cgiciencg of the
. devices, a machine which includes the conversion to heat as one
of the steps will be inlﬂerentlg less efticient than one which is

Purely mechanical.



Qin ¥ THot
- High T reservoir

Enggne —la Work output =AW

River —— Qe = Tcold
Low T reservoir

f‘irst’é- Law implies that
Qin & Qout = AW

Second Law says:

There is an intrinsic limit

on how goocl our engine can get n(Carnot) = Trot — 1cold x 100%

n < 100%

Carnot egiciencgz



Keg ideas to note:

*pVcurves: ideal gases and Huids

eWork done as area of pVcurve

oreversible processes versus irreversible processes
sisothermal processes

eadiabatic processes

°C9clic process and work done in such a process
*Carnot’s cycle and ideal engine

eHeat Pumps
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E;xamples of Isotherms

e T e
3 Fina
A Work done is equal to area under curve:
3 T |P| = Force/Area
25 |AV| = Area Length
f Initial |[P AV| = Force Length = Energy
T
\/ AV = Volume change
0 L, . . . . . . . .
0 1 D) 3 4 5 6 4
Vo Vi
Vi
. Vo
- —PAV = Work done on fluid ey
i
St Final,



iYT'CVCI”Siblé VEIrsus reversib < changes

Reversible and Irreversible PrOCESSES:

Mechanical PFOCCSSGS:

Tl’iermodu namic Pl’OCCSSCS:

_RCV@FSibI@ PFOCCSSGS examples

'Projectile with no air resistance (e.g. on moon)

Particle slides without friction on a very smooth
table toP, &3, iwockeg Puck Oy

. Newton’s iaws: c.g Planetaru motion

Schroclinger ec]uation in QM.

RCVCT'SiblC PFOCCSSCS CXBmPICS

e Slow comPression so that at any Point one is
very close to equilibrium.

J Slow exPansion of a fluid

lrre\/ersibie PFOCCSSCS examPles

Adding friction and viscositg make ti'iings irreversible:

-Eﬂcect of friction is to convert mechanical energy to

iieat eirergy:e.g. heating of a Particie due to friction.

iFY'CVCFSilDIC PT’OCCSSCS examl:)ies

o Spontaneous transfer of heat from hot boclg to cold
bocig: P all the mixing Problems

o Ice meiting to give water at same temperature




