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® |sothermal
® Adiabatic Expansion/Compression
® Heat Engines

® Efficiency



Concept Test - Part |

® A well-insulated container is divided into

two sections by a rigid, adiabatic wall. Each
section contains a different ideal gas, at

different temperatures (T2) and pressure

(p1,2). We then remove the partition, and
wait some time. T his process is

A. Reversible

B. Irreversible
C.Can’t Tell



Concept lest - Part 2

® A well-insulated container is divided into two sections by
a rigid, adiabatic wall. Each section contains a different
ideal gas, at different temperatures (T12) and pressure
(p1,2)- Ve then remove the partition, and wait some time:

A. The system comes to a common temperature, but a
pressure gradient remains.

B. The system comes to a common pressure, but a
temperature gradient remains.

C. The temperatures and pressures become the arithmetic
average of the initial T’s and p’s.

D. The system arrives at a common T and p, but there is
insufficient information to say any more. €



ldeal Gas Processes
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Isochoric Process

Constant Volume
(isochoric)

AV =0= AW =0

“Equation of State”

PV =nR
Pf>PZ'

V=V,

—= L > 1y

AW =0= AQ = AU




Isobaric Process

“Equation of State”

Constant Pressure PV = nR
(isobaric) P; = P,
5 I ’ £ AW=PAV >0 Vf > V.
—= L > 1y
V

T
U:"f (#dof) = AU>0| | AQ = AU+ AW >0




Concept Test

® Which of the following is true!?

A. TaA<Tp<Tc €= PT

B TA:TB<TC A system is taken

along the indicated
path in the P-V plane:

C, TA<TB=TC A->B->C->A.
D.Ta=Ts=Tc
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® |s the work done positive (A) or negative (B)?

AW:—%APAV<O

(Triangular cycle!)



Isothermal Process

Constant Temp
(isothermal)

AU=0
P ¢ AQ=AW

V

U = n§T°(#dOf):>AU:O

“Equation of State”

PV =nR
Pf<PZ'

Vf>V@-

F="1li

AU =0= AQ =AW




Adiabatic Process |

Constant Heat
(adiabatic)

PV7 = const

AQ=0 v = ﬁ > 1
 AUz-AW Cv

V



Adiabatic Process 2

Proof of PV'=constant

(for adiabatic process)

1) Adiabatic: dQ =0 = dU + dW
= dU + PdV

2) U only depends on T:

WSame AU
P k Isotherms

(constant T)

V

dU=nC,dT (derived for constant
volume, but true in general)

3) Ideal gas: T =PV/(nR)
dT = [(dP)V + P(dV)]/(nR)

Plug into 2): dU = (C,/R)[VdP + PdV]

Plug into 1): O = (C,/R)[VdP + PdV] + PdV

Rearrange:

(dP/P) = - (C,#R)/C,, (dV/V)
= -v (dV/V)

where v = (C,#R)/C,= C./C, >
Integrate both sides:

In(P) = - v In(V) + constant

or

In(PV') = constant

or

PV' = constant

QED



Concept Test

Constant Heat

Constant Temp
g _ —
(adiabatic) V= const (isothermal) PV= nR \
Cp
i 7:C_V>1 i PV = const
AQ=0 AU=0
P ¢ AUz-AW P AQ=AW
f
v V

® The adiabatic (left) and isothermal (right) processes above,
start at the same temperature and pressure, and end at the
same volume. The final temperature for the adiabatic process is

A. lower thag@=——
B. equal to

C. greater than

the isothermal process.

ldeal Gas Adiabatic Process:

V7=t = const

PA=/7T" = const




WWork done during an
Adiabatic Process

Constant Heat

adiabatic
( ) AU = ”R2 (#dof) = nCy AT
| AQ:O PV — TLR
£ AU=-AW B A(PV)
. nR
V
AW = —nCly = —nCy( )
=~ VAPY) = = (PVi ~ PV}



Heat Engine: Heat to VWork

Hot Reservoir, T,
Heat ‘ ______ >  f
"""" Q4 ' '

Work, AW v

tone >l Q | + work
C
Engine undergoes

Thermodynamic Cycle

Cold Reservoir, T,

Efficiency=Work done/Heat Input

AW
T 0n




Summary

® |deal Gas Processes can be

® |sochoric - no AW

® |sobaric (constant p)

® |sothermal - no AU
PV7 = const

G,
® No AQ i Cv/

® Adiabatic Expansion/Compression

® Heat Engines transform heat into work

® Efficiency: work done over heat input



