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• STATE VARIABLES

• A THERMODYNAMIC System is

CHARACTERISED By A Collection

Of

"

STATE VARIABLES
"

WHICH

ARE MEASURABLE AND 70 SOME

EXTENT CONTROLLABLE properties

of THE SYSTEM IN Equilibrium

* FOR FULL TREATYEM ,
SEE

"

THERMODYNAMICS
"

By H .
CALLEN



• FOR simple systems like

pure Gases 4 Liquids THESE

STATE VARIABLES WILL INCLUDE :

• volume (v )

• More www.s.ee ( N )

• STATE WAR

'

'ABLES ARE

"

EXTENSIVE
"

IN THE SENSE THAT

DOUBLING THE Sys>em Requires

DOUBLING THE VALUES OF THE

STATE VARIABLES .

• ENTROPY
• AMONG THE STATE VARS IS

ALWAYS INCLUDED A VAR S

CAWED THE ENTROPY WHOSE

properties will BE Expert lives



BELOW .

• ENERGY

• FOR ANY
7. D-

Sys>am w/

57A>E VARIABLES ✗
1)
✗
z ,

- . . ,✗N

THERE IS A function CALLED

THE
"

ENERGY
"
:

U( ✗ , , . . . ,Xw )

WHICH IS ALSO EXTENSILE in

THAT :

U(2×1 , . . . ,2Xn )

=2U( × , ,
. . .

,
✗ N )

• Is> Law of TD .

• THE CHANGE IN THE ENERGY

of A SYSTEM DU AFTER

underwire some CHANGE



is EQUAL TO THE Sum of
:

• THE WIK AW DONE By

THE SURROUNDINGS ON

THE SYSTEM ,
AND

• THE #EAT DQ ABSORBED

By THE SYSTEM from
THE surroundings :

( su = aw + ☐ or [Is> Law])
• HEAT 4 WORK

• 17 IS IN GENERAL POSSIBLE To

INSULATE A Sys>am from ITS

SURROUNDINGS So THAT DQ = 0

During some process .

Such processes ARE CAWED

"ADIABATIC
"

.



• GIEN Two 7.D- 57A>as A 4 B
,

I> is True >Has EIIIER :

• AN ADIABATIC process Exists

WHICH Transforms A
→ B

•

" " " "

" " B.→ A
.

• SINCE WORK [ E. G- FDX ]
CAN BE MEASURED , >His

1

MEANS ENERGY DIFFERENCES

DU = Ua
- U

☐
CAN BE

MEASURED .

• E.G. : PISTON
~

=P A DX¥¥¥ÉF÷÷



" OR :

ROD W=¥RAG×DO

¥. . -7It
?

00~
TORQUE

• NOTE HERE THAT WE CANDW=¥st "
HEAT up

"

a system ↳ OUT

ABSORBING Hear [DQ=o] !
n

• THIS ALSO THEN PERMITS THE

MEASUREMENT OF HEAT

TRANSFER ☐& Derive

some NON - ADIABATIC process

A-→ B :

dQ= Du - AW

= DWADIABA>Ic
- BW

• E.G. WE CAN INCREASE THE

ENERGY of a liquid Elites



By STIRRING ADIABATICALLY OR

HEATING W/ A FLAME -

• Differentials
• differentials DESCRIBE How

To co-mpn-I.ae THE VALUES of
A FUNCTION EVALUATED @ TWO

NEARBY points :

%

i. dy
DX

✗

a
"

dz=Z×d×tZydy means
:

☐ 2- = 2- (Xzsya ) - 2- (x , ,y ,)

=
+ 2-✗DX +2-71>4



orteee : 2-
✗

= ?_? /y( ✗ o > To )
2-
y = It / ( xo > To )
Oy x

Wint :

(✗my ,)±(Xo ,% ) -44,4, )
• simicaey WE CAN WRITE FOR

THE TD
. ENERGY U (S ,

V
,
N ) :

du = Tds - Pdv +NDN ,

"

WHERE :

T = ¥1
, , ,

,

"

Temperature

P = -¥1s
,
, ,

"

pressure

"

µ =
" CHEMICAL

ON
/
Sir potential

"



• 2ND Law of
TD .

• THE 2ND LAW RELATES THE

ABSTRACT Notions of ENTROPY

& HEAT . IT STATES :

(
• FOR ANY PROCESS WE Have

:

TDs I do [ 2ND Law] ]
• ASSERTING T > ☐ THEN

Gives
DS 20 FOR

ADIABATIC processes .

• WHEN WE HAVE Equality ,
i.E. TDS = SQ ,

WE TALK

ABOUT A
"

QUASI - STATIC
"



PROCESS .

• FOR QUASI
- STATIC PROCESSES

WE HAVE :

DW = DU
- SQ = Du

- TAS

= THS- Psv thisN
-⇒

= -Psv +NDN
• OR

, for
"

closed
"

Sys>ems

07 AN = ☐ :

☐W = -Psv

• QUASI - STATIC PROCESSES

• ARE THOSE WHICH ARE

Sufficiently SLOW THAT THE

SYSTEM REMAINS FOR ALL

TIMES ARBITRARILY CLOSE

To equilibrium .



• EXAMPLES
:

• ADIABATIC compression
OF GAS :

p+bP

±¥÷:.
• Dp→ ☐ :

• QUASI - STATIC

> GAS DENSITY REMAINS

UNIFORM THROUGHOUT

compression .

- DU = ☐w + g§°
[ ADIABATIC]

= - fptsp)bV → - Psv

• dp -1s 0 :

i

•
VIOLENT compression
SETS up pressure Gradients :

*☒

.



•

"

EXTRA
"

ENERGY DP BV e

put INTO Sys>em IN -

FORM OF PRESSURE Greasier>
É"ÉÉÉ

• THIS GRADIENT CREATES jÉ
f

waves inside GAS WHICH

,¥§§Dissipate AND LEAD To

INCREASE IN ENTROPY
¥ ?

DS = DPW/T K
I

@ equilibrium EggÉÉ
• ADIABATIC STIRRING OR

- /

Joule ( VZR ] Hermine :

• U = W > ☐
STIRRING É¥But :

f.nu.• bN=o ±

• du = 0

• so :
o µgÉNON

TDS =dUtPs¥nÉ° -

= Du = ☐ w > ☐

⇒ QUASI

STATIC .



• SURFACE TENSION ,

REVISITED

• FOR SINGLE - component

[ i. E. 0 Soca>es ] Gas -

Liquio INTERFACE WE HAVE

AS STATE VARIABLES JUST

THE SURFACE ENTROPY S

AND THE Surface AREA A :

du = Tds + - da

1- = OUJst r = ¥1s0A

FOR some process producing
A CHANGE DA '

N THE INTER -

FACIAL AREA WE Have :

DW = DU - da = TDS + TDA - dog

VIA I NBA
2ND
LAW



• But !

• WE ALREADY AGREED THAT

THE COEFFICIENT RELATING

A CHANGE IN SURFACE AREA

DA To some minimum

NECESSARY WORK ☐W WAS

WHAT WE CALLED THE

SURFACE TENSION T :

( ✓ = -
-
- ¥1,7

• TEMPERATURE

• To finish our Recap of

GENERAL T.D. , LET'S

Justify OUR USE of THE

WORD

"

Temperance
"

AS A

NAME FOR s /
v.N

.



• consider Two Riario containers

THAT ARE THERMALLY ISOLATED from

THE outside WORLD Bu> CAN

EXCHANGE ENERGY BETWEEN EACH

OTHER :

☒

DU = DX + nd = 0
(☒ work)°0 % (ADIABATIC)

= DUA + DUB ⇒ DUB =
- DUA

DUA = Ta b sa - Pa a+Ma☐µA
(RIGID ) V0 if

= Ta Dsa (closers)

☐ UB = TB ☐ SB =
-Tabsa

( DUB = -baa)

DS = Dsa + BSB = ☐ Sa ( 1 - ] ? °
(
2ND

• So : Law )

DUA
=Tadsa ? 0

HEAT FLOWS FROM

If Tae TB
⇒

HIT To !



• WHILE THE 2ND LAW AS WE

STATED IT ONLY PLACED

A CONSTRAINT ON ADIABATIC

processes ( DS 2 0]
,
WE

CAN IN FACT MAKE A

STRONGER STATEMENT :

"

.

ANY ADIABATICALLY ISOLATED

Sys>e- will Spontaneously

EVOLVE OVER ITS UNCON -[ swing, sauna .in .us ]IN ORDER To maximize
i>S ENTROPY .

• W/ THE Example we just
WORKED THROUGH WE SAW



How A Composite Sys>E- WILL

EXCHANGE ENERGY (THE Difference
UB -UA WAS CONSTRAINED WHILE

THE su= UA TUB WAS Fixed]

UNTIL TA =TB -

• Similarly :

• TWO SYSTEMS THAT CAN

EXCHANGE VOLUME (VIA , E.G;
A MOVABLE WALL OR PISTON]
CAN INCREASE THEIRCOLLECTIVE

Entropy ByEXPANDING
THE HIGHER

PRESSURE

(P =
-¥1s

,
,] subsystem

AND vice VERSA .



• Two Sys>e-S THAT CAN

EXCHANGE pAas will Do

so un>ii THEIR CHEMICAL

Po> enriiacs µ
= IU / Become

ON
Sir

Equal -

-

SEE PART II FOR
REST of lecture .


