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Au-= qtw
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o 21
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Tne integration
Differential equation: the product rule
dw=d(PV)
= PdV +V

dP=0 (quasi-static)

P dx
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Pressure, p

Initial pressure

V
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Final
pressure
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w=-nRT, mﬁ g=nRT, mﬁ
V, V,
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2
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. \ﬁ\; 3 = 0+W
FEULMINU «L L
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V av
AU=w=C/(TT)

J2UVRU = Taa = Uaa
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*  JUuN 3: state 3 1 state 4 (isothermal process)

Isothermal compression

an 'V, PNy

y AnuioueenIINTzIY | uas T A9
- a<0, U, auil U anag
PVl PV,
cold reservoir N
p ‘ AU =qtw
0= qtw
{UERIAIEE q=-w
szuusemanuieng cold reservo‘iirvé U, w=-nRT, ln%
V,
g=nRT, lnv—4

W ufuszuD=> P ity ,V aa
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*  JUuN 4: state 4 na 1l state 1 (adiabatic process)

Adiabatic compression

q=0, U LNy

an 'V, PNy
uaz T WY

U 1y

1
P4’V4’Tcold 9

szl

Vv av

v 1 4
IR nuiuszun = szuunduiaisudusnass

PI’VI’ThOt
1* law thermo;
Au= qtw

=0+w
AU=w
AU=w=C(T,-T)
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* szyuaunsanduiyaisuduluaniag T,p,v,U wmilowdu (state
variable)
{ o a [ [ 1 U v v 4
* NITUIUMINITVVAUTUATUIOVININTAING1ITENT TYINTAT3
4
Tua (Carnot cycle)
A I o o o I’z o ' .
* 1ATOIIUANTIINUNDUITNIAIS IUAITENIT Carnot Engine
. <3| A J a a A aA a A
® Carnot Engine 1/11n3030UAaNAA (Uszansmmwangaaungug) 7
: . .
Tdanudnlalumsldnsenlasugdanudonldiuau oiesnn ms
' . 9 A o o Lﬂy ~ 1
218N q 910 hot reservoir W13V U111 (WuRsEHIINTIN)

HaImen q 89N9INTSUU cold reservoir)
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UHUMNIATBIBUAATTHA (Carnot Engine Diagram)

Hot reservoir

| T.

NUNM=HaN19524114
Q, uaz Q,
w=Q-Q,

. mm%’au'laﬂcﬁ state function
Cold reservoir

o 33

YY) dJ

7990315146 (Carnot cycle)
the most efficient cycle possible for converting a given amount of thermal
energy into work or, conversely, for using a given amount of work for

refrigeration (Carnot refrigerator) purposes.

pressure

o 34
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step
p,V, to
PV,
p,V, to
PsV3
p;V; to
P4V4
p,Vv,to
prl

description

isotherm (T,)
expansion

adiabatic expansion

isothermal(T,)
compression

adiabatic
compression

conversion

heat to work

internal energy
to work

pressire

work to heat

work to internal
energy
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description

isotherm (T,)
expansion

adiabatic expansion

isothermal(T,)
compression

adiabatic
compression

conversion
heat to work

internal energy
to work

work to heat

work to internal
energy

AU Urev
0 RT,IN(V,/V,)
C,(T.
0
Th)
0 RTIN(V,/Vs)
C(T,-
0
T)

Wrev

-RT,IN(V,/V,)

Cv(Tc'Th)

-RT In(V,/V,)

Cv(Th 'Tc)

o 37

Carnot cycle

- 38
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UszanEmnveuniesaunmslun (Efficiency of a Carnot engine)
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AU = Opee TW= Q1 _Qz +(_Wex)

Carnot cycle: Au=0

9 AaA Y o
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" Yy  dq Yo Ole_Qz_Wex
Q1 = mmmuﬂwnmzuu
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Q Q
39
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Q
1 v,
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Vi
P : Ql 5)”' V_2 = \A
V, V

1. =1-—— 151 Carnot engine

V.
= NRT, In * w, — o v d
Q\G n :—Qex :—QIQQ2 L dmSuniesoud
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(% % 40
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Reversing Carnot cycle: Carnot refrigerator

Isothermal

compression

PLViTh
9 =
= o <)
s |3 B S g_
Q| g a2 5 |=
S | s £ S | &
T = c |8
< o ©v =9
@ |8
=]
=

P,V,T,, expansion PV.T

Id

- quasi-static process

- reversible
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