1% Law; Engines; Efficiency; Carnot; Entropy; Thermodynamic Relations

1% Law; DE = DQ + DW

Or: dE =dQ +dW

Positive work for work done on the system.
DQ ° changein heat

if DQ = Othen adiabatic

Heat capacities: c ° @Q Co° @Q
eT|, AN
o ° T
Ty
For an ideal gas only: C.-C, =nR
For reversible, adiabatic: PV? = const g° G
C,
2
van der Waal’ s gas equation: §3+%§(V- b) = nRT

Inacycle: eyE=0

Zeroth Law:

If two bodies are in thermal equilibrium with athird, then they are in thermal
equilibrium with each other.

Heat Engines: - runin cycles... thusDE =0
w=work done BY system W =work done ON system

DQ,, absorbed from “hot” source.
DQ.. emitted to “cooler” reservoir.

Engine doeswork... thusw>0
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Otto Cycle:
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Now:
€Q
o ~x
¢ arl, P
Hence: Q, =¢(T,-T)
Similarly:

Thus, the efficiency is:

Refrigerator:

o 8Q

Qc :'Cv(T4'T3)

C

Q,, goesinto systemaong 1 > 2
Q. leavessystemalong 3 > 4
4>1& 2> 3areadiabats... thusDQ = 0here

:Cv(Ts' T4)

input
useful output

o

Heat pump asimilar setup to arefrigerator, except the “useful output” is q,, , so the

efficiency term changes:

hpquH

Kelvin-Planck Statement:

It isimpossible to construct an engine, operating in a cycle, which produces no effect
other than the extraction of heat from areservoir and the performance of an

equivalent amount of heat.
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Clausius’ Statement:

It isimpossible to construct arefrigerator operating in a cycle, which produces no
effect other than the transfer of heat from cooler to a warmer body.

Conventions:
w=-W w +ve =» work done BY engine
W +ve =» work done ON engine
W=-w
Carnot cycles:

- Carnot engine® reversible engine operating between two reservoirs.
Thus, process must be isothermal or adiabatic.

CP = Carnot pump
IE = irreversible engine

QS ® Qy

And, by 1% law: W°Q,-Q.=Qf - Q¢

The efficiency of an ideal gas-Carnot cycle:
dQ =dE - W
And:  dW™ =- pdVv E=E(T)
Suppose four paths:. a-=> b > c—> d—> a (aclosed cycle)

Alonga-> b & ¢ 2> dareisotherms;
Q,inputaongc/d Q. output on ab
Alongb 2 c & d > aare adiabats.

Now, dE =0along any isotherm. Hence, along isotherms:
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NRTdV
\Y,

dQ = paV =

d .
R/, 0

c® d Q, =(fQ=nRT, In V—d:
c c@

5
a® b Q. =nRT; In%i
Vi g

Hence, the efficiency:

heeol- =1 e

Thus: 3 = Qu for Carnot engines.

- the max efficiency that can be achieved from an engine
operating between two fixed reservoirs.

Clausius' Theorem: @dTQ £0

Equality for reversible... @dQT— =0

c

ere\IOS
T

Sastate variable

Entropy:

- thusindependent of path!!
Inisolated systems. dS3 0O entropy can never decrease.

dS=0 for any reversible, adiabatic process.
Spontaneous changes are ALWAY Sirreversible

DS,qem + DS

surroundings = O
For irreversible entropy problem, as Sis a state variable, can choose any path. Hence,
choose areversible path. Hence:

os = 12

C
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Thermodynamic Relations:

Fundamental Thermodynamic Relation

Enthal py H°E+pV
Helmholtz Free Energy FOE-TS
Gibbs Free Energy G° E-TS+pV

dE =TdS- pdV
dH =TdS+VdP
dF =- pdV - SdT

dG =- AT +Vdp

(for agas)
H(S,P)
F(V.T)

G(T, p)




