=

efficiency of a Carnot engine e= 1+ (Qorev/Qnrev) =1 - (Tc/Tp)

dS =0qe, /T Second Law
dS = (68/0T), dT + (0S/0p)r dp
dS = (1/T)C, dT - (V/T),dp dS = (1/T)Cy dT + (Pp/T), dV

Third Law: The entropy of a pure, perfectly crystalline substance is zero at
the absolute zero of temperature. So =0
S= kB In Q
When N particles are indistinguishable from one another, the number of
possible arrangements, Q, of distributing these particles among states having
energies 4, €, ... is the number

Q =N/ {n1! ns! ng! n4! }
where ny particles are in g; efc.

entropy of mixing S=—-kKgN{xalnxa+xglnXxg}

dU = TdS - pdV general condition of equilibrium, from 1st and 2nd Law
AS > [ dque /T Clausius inequality

in isolated system dS =0

at constant T and p

AG s — spontaneous change
AG=0 equilibrium

AGis + natural direction is opposite
G=H-TS A=U-TS

dG = (8G/oT), dT + (0G/8p)r dp (G /T) 10T, = -(H/T?)
dG = Vdp -SdT

Define the free energy per mole (the chemical potential). ;(T) = G(T) /n

nf = [P(Z-1)dp
p Jo p

«T) =157 +RTIn (f/1) (real gas)



CJJ
Sticky Note
This is the one-page hand-out of the 3 review slides that follow.


dS =0q,., /T
efficiency of a Carnot engine
€= 1+(Qc,rev/qh,rev): 1 '(TC/Th)

dS = (0S/8T), dT + (3S/3p); dp

dS = (1/T)C, dT - (V/oT),dp

dS = (1/T)C, dT + (6p/oT), dV

3rd Law:The entropy of a pure, perfectly
crystalline substance is zero at the
absolute zero of temperature. Sy« =0
S = kB In QO

When N particles are indistinguishable
from one another, the number of
possible arrangements, Q, of distributing
these particles among states having
energies €1, &y, ... is the number

Q=N!/{n{'nyIn3tn,l ..}
where n, particles are in ¢, etc.

S=—kgN{xXalnxs+ xglInxg}




dU=TdS -pdV general condition of
equilibrium, from 1st
and 2nd Law

AS > Jf 0qire, /T  Clausius inequality

dSisoIated system >0

In isolated system

TdS >0

at constant T and p

AG is — spontaneous
change

AG =0 equilibrium

AGis + natural direction is
opposite

G=H-TS




dG = (0G/aT), dT + (9G/op); dp
dG = Vdp -SdT

(6(G/T) [6T), =-(H/T?)

Define the free energy per mole
(the chemical potential):

w(r) = G(I)
n

wT) =u"r + RTIn_f£ (real gas)
1

In £ = Jp (Z-1)dp
P o P




while calculating entropy, | know that it Is a state
function, so even if a process is irreversible, we can
find the entropy for a reversible process with same
Initial and final conditions and calculate it. but
when we do this, do we have to leave other
conditions same??? what 1 mean is, If the given
process Is adiabatic, and reversible, then as g = 0,
we get change in entropy = 0. however if we
consider another process, with the same initial and
final conditions, but which is not adiabatic, then we
would get a different value of entropy change. so
how do we deal with adiabatic reversible
processes?

Answer:

Make a clear distinction between "state of the
system" and "process" or "path". Do not get
mixed up between the concept of “state of the
system” and “processes” or “paths” that take a
system from one state to another.



The state of the system is defined by stating
Its properties (p,T, number of moles, ..).

An infinite number of processes can be
Imagined that will take the system from state 4
(with properties p4, T4,...) to another state 3
(with properties pg, T3, ...). At least some of the
Infinite number of possibilities are a single step
Irreversible, or any number of multi-step
processes which combine for example
Isothermal, constant volume, expansion into a
vacuum, adiabatic reversible, adiabatic
Irreversible, etc., etc. Changes in the state
functions (suchasporUorHorS) are
determined only by the values of the state
functions at the two states .4 and 3. Thus,

AP = pPs-Pa, AV =Vz-V,, AU = Ug-U,,
AH = Hg-Hg, ... which do not depend on which
process took the system from 4 to a.

g 1S not a property of the system, and it is

not a state function, therefore it will be different
depending on exactly how the system got from
A to 8. “Reversible process” is not a property,

It Is a type of process.




It can be proved, as we have done in class,
that some changes in state functions are
related to heat that would pass through the
boundary between the system and the
surroundings. Therefore, experimentally
conducting the state change via that very
specific path would reveal directly the change
In the state function. That is why those
particular paths are especially noted in your
book. Examples are AH = ¢, and AU = ¢4 .

Of course, if the initial and final volume of the
system are not identical, we can not find out
AU In this way! And if the initial and final
pressure of the system are not identical, we

can not find out AH In this way!

You have to keep the definition of a quantity In
mind every time you use that quantity.
Definitions, if stated correctly to start with, do
not change from one problem to the next and
are therefore not only worthwhile to remember
but are absolutely necessary to understand
anything in this class.
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