
THERMODYNAMICS& ENERGETICS -I

Whats thermodynamics !
Macroscopic framework of energy flows ,

and how they affect
the properties of the system

- Macroscopictheory-> no atomic scale

information
- deals only with macroscopic variables

(eg) Volume (v)
pressure (p)
temperature (T) . .

-

Completely general framework
that does not rely on atomic details.

- Thermodynamics is a "processor" o "accompat

= You have to put some information/bhysics
into the framework to get other properties our

RELATIONTO OTHER FIFADS :

can derive thermodynamic relations from atomic/electronic

OPhysics

-STATISTICAArias
#

Properties& Numbers



THERMOISRELATIONSHIP TO OTHER FIELDS

Field Eequation Importana
-

Mechanics Newton I I,m,

(1643-1727)

Elasticity Hooke's law IE , E,)
legus of clasticity)
(1635 - 1703)

Electricity & Maxwells equations E ,
I

↓

Magnetism (1831-1879) (Y, z)

Thermal
Forvier Law T

,
F
, (lp . ()

sciences (1768 - 1830)

--
all different ways of storing energy in

a system
THERMO COUPLES THESE DISCIPLINES INTO ONE

FRAMEWORK

-treating energy flows leads to the emergence of

couplings between fields !

(g) elasticity - EM => piezoelectricity.
Thermo needs subdisciplines to provide data constitutive

relations on materials behavior



eg) elasticity E2 ( +

3
Materials specific

=

↳ tensor
properties.

magnetism M2 X
susceptibility.

-

DEFINITIONS :

* System : Any collection of matter that can be uniquely specified
land over which macroscopic averages can be

specified&* Surrounding/Environment
: Universe

- System-

* Virtus :

- extensive : scale with the size of the system
(V,

Ni , U , . .) = normalizede variables : Vi x;
v

- intensive : do not scale with the size of the ↓
system

(T
,
6, E1 .)

"densities"

Thermosummarized

T- ENVIRONMENT
Et conserved

L

SYSTEM
-> EflowI O

-MaximizeSystem t Senvironment



Save Ssystem (dEsystem)- &Senvironment (- &Esystem)-

STEPS To SOLVING A THERMO PROBLEM
-

① Carefully define system
② Quantify the energy flows
③ Relate entropy to energy flors
⑦ Relate to properties

* BONDARIES
-permeable-> open system Ni is allowed to change↳
- non-permeable -> Ni is constant-> closed

open system
- Deformable -> V can change
- Adiabatic o Insulated -> no hear flow

- Diathermic -> perfect heat flow /system isat same

temperature as
- Rigid -> V

= constant environment)



THERMODYMICSDEALS With Equilibrium States :

* HOMEnFors Equilibrium : Al bulk physical properties of the
system are uniform throughout and do not change
with time

* NETFROGENOUS Equilibrium : Collection of equilibrium phases

bexisting
#

Lundsa
The beaker contains
↑

distinct portions" whose

Nach properties markedly differ from
one another

(eg) &Nac in the Liquid v/s Knace
in the

solid

Tliquid Ys solid

each "distinct portion" -> PHASE
-

-

INEQUILIBRIUM : system has well-defined extensive I intensive
variables eg (T, V, b, M, . . .) that Uniquely characterize the
STATE of The system
-> These variables are called

STATE VARIABLES

State Variables are independent of how equilibrium is
reached.



AMPLE: ideal gas : Equation of state- Thermo does not
predict this

Must be derived from

#
achondrically

determined in equilibrium
- doeg not depend on how the state

was obtained3-fix2-variables - third is fixed by
equilibrium

V = State function ; V= f (T
, p) (l mole of gas]

of (v, b ,+) =0
v

all equilibrium states for one

mole of gas
lie on this surface

CONSEQUENCE /Recall from calculus)-&-L-/X ave(+
s P 9

slope & slope&

--- ConstantT const. P

total differential
T du=

exact differential



Measuringthe equation of state

① Directly measure /T,)-> several experiments
& (T

, Pi) , (2 , b) .. --

② Measure derived quantities :

a compressibility : E =-
· thermal volumesin expansion : B2 top
=>-VEdb + UpdT

NOTE : can do the same thing for-

p(v,T) OT (v, b)

* State variablesTedetermined by the allowed changesof the system

CHANGEOf StArE (process) - between stable and/or metastable
States

- describe in terms of state variables

S
X -> extensive (V,

Ni
.

... )
Y -> intensive (T, b, M, . .

.)
Two

ways of changing the state of a system :

* perform work W WSO if work is performed
on the system

* exchange heat & Quo if hear is supplied to the
system.



a

① equation
b & of state

at constanttenaart I &

&T
-

change state from$-Q v

b=

#A Work performed by the
system to the environment

-> system lifted on weight
of mass m by a height h P2 =9

A
W = - mg

. h
=

- 9
.

hA
A

&

P O-E. Av
·titG Witz
/ =-

Ar
I I

V



T
②

Work performed on the system
Q

-

-> two his of mass m wereweig
dropped a height h

&
Whe ,

< Imghg .

ha = bA

---

D To achieve a change of state% in reality we need either
an overpressure or an underpressure

V -> for a real change of state

Psystem # Penvironment
-> Work is different when reversing the process

REAL PROCESSES ARE IRREVERSIBLE
-

When is (Wisl = /Neil ?
when

system heat all stages t delid



THREETYPES OF PROCESSES

⑦ Discontinuous IRREVERSIBLE

Y
·
⑪

I-X,
Y cannot be measured= along path

-change is fast turbulent
X()eg 1 ,0 combustion

⑪ Continuous quasi-static IRREVERSIBLE
-

-

Y
& ①

I

- process is slow enough that

z ②
X & Y can be specified along.I

·

. pat

- - System & environment are

X
not in equilibrium

- make small changes to XY and allow to equilibrate

segt expansion of a gas Pear <Psys

⑦1 Continuous quasi-static REVERSIBLE
①

Y- - same but the system·② is always in equilibrium with↳ the surroundings
X
-can retrace steps restoring both

&ratemical system & environment to its original
state



Change of state /process) through exchange of k and

heat between system environment
-

-

WORK :

energy transfer from "displacement" under a "force"-

* classical mechanics
-

9

I w = T . d
> b· Aw= (E .

dede
b

Ewso if work is dependent
done on the system

elongon of a vod

-

fa--f.de
+

-

l de

ow =
F.

Assume mechanical equilibrium
=> F-bA·
EQUILIBRIUM

Fontwebde= -p

ONLY TRUE If In MECHANICAL

=> ONLY FOR REVERSIBLE
Work is expressed in terms PROCESSES

of state variables of the system



NOTE:① quasi-static irreversible compression

F > P . A -> perform more work

than the reversible case
② quasi-static irreversible expansion

#/bA- get less work out of
the system A

-Inwor
a

#Tur&I -> Tur

/- -
-Y - ·
In
I

du da
-

Z T

EW-2 Tuttodu
= NunArt x
- ↳

Vo

In Vod
Spaccase :

hydrostatic pressure V = Vo (If Suna Egg + Set)
Tun = Tyy = Uzzz-p ·

Assuming infinitesimal
strains

Tay 2 Tyz = Tuz =OI
GW = -Vopd (EnatSytezt)

EtpardVzVodkEnn> Eygn Szz)


