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1 ZEROTH LAW OF THERMODYNAMICS ll 2 FIRST LAW OF THERMODYNAMICS 3 SECOND LAW OF THERMODYNAMICS 4 THIRD LAW OF THERMODYNAMICS

If two systems are each in thermal Energy can neither be created nor be It is not possible to construct a device The entropy of a perfect crystal
equilibrium with a third system, destroyed, but it can be converted from that operates in a cycle and produces approaches zero as the temperature
they are in thermal equilibrium ene form to another, ne effect ether than the transfer of approaches absolute zaro,
with sk sther Mathematical Statement heat from a colder body to a
. = = hotter body.
AU=Q-W Mathematical Statement

Entropy of an isolated system
Establishes the concept "*‘Iﬂ'ﬂ- . i : .
of Temperature. Al Change in internal energy | 1"1’1. .5 = [}
©Q = Heat added ta the system = Tk
W = Work done by the system j"‘-"\.ln'u'l.-m- >0

IMPORTANT TERMS THERMODYNAMIC VARIABLES MODES OF HEAT TRANSFER WORK DONE IN THERMODYNAMICS

System : The part of universe under study, = Pressure (P) — Force par unit area i Condua‘ition ; Haattiransﬁar ‘h'{qugh o = By the systam (expansion/compression)
matarial without bulk mation o

Surroundings : Everything cutside the system. = Volume (V] - Space sccupied by the system. olectlas: . jl-.- PV
Boundary : Real ar imaginary surface separating = Temperature (T) — Measure of average H=—kA dT v,

the system and surroundings. kinetic energy of particles. dx

#» For constant pressure process

Types of Systams : * Internal Er.mr‘gy (U) - Total energy of 2. Convection | Heat transfer by actual

+ Open System : Exchange of both energy malecufes in the system. metion of fluid, W = PV, - V)

and matter. ¢ ERbSR IR — Maacre or fapdShmess bt 3. Radiation : Heat transfer through

disarder, H
= Closed System : Exchange of energy electromagnatic waves.

+ Enthalpy (H) - H = I/ + PV

» For cyclic process

but not matter. ) H=nmcA f]"l" = '_,T'__,J) W = Area enclosed in the PV diagram
+ Isolated System : Meither energy nor * Heat Capacity (C) — (" = '_(‘{ Hiat ol : "
seiattiie S e N dT o = Stefan-Boltzmann constant

THERMODYNAMIC PROCESSES

1. ISOTHERMAL PROICESS (T « Conatant) 2. ISDBARIC PROCESS {P = Constamt] 3. ISOCHORIC PROCESS (V « Comtent) 4, ADIABATIC PROCESS (G « 0} 5. POLYTROPIC PROCESS (7Y™ = Comatarnt] ¥
By ¥ ¥ P p
» D
) TR )
P Vi) Py Vi (V) B
PV = Constant v PV = Constant PV = Constant
ey )
L.V "
(P M) Wick) (P V2) (P V3 [«
W v L v v v
PV = nftT = Comtant P = Constant V'« Constant PV" = Constant V™ = Constant Work done in a cycle
All=10, Q=W W= F (V=¥ — Q=0, AV =-W et = Area enclosed in the loop
‘ Q=nCu AT " Py — P W="2_"11 ngi (Clackwise — W = 0)
W = nHT In [-‘--’-] Q= Al = nCy AT i et A ¢ i=n
2 . All = ni AT i ¥ -1 {Anticlockwise — W < 0}

IDEAL GAS EQUATION AND RELATED RELATIONS HEAT CAPACITIES SPECIFIC HEAT CAPACITY (C) RATIOS AND RELATIONS
'

Ideal Gas Equation Other Useful Relations * Molar Heat Capacity * = Hoat required to raise the = [}
PV — nltT » Massof gas, m = nM Vo= (EJQ) . Oi= (r;:C\J temperature of unit mass by 1 K. el
= ST )
M = Malar mass) L4 e * Units: Jkg ' K For distemic gas (at roam temperatures)
whare, " Py = Relation 5 T 7 i
H . ¥ L) L]
P = Pressure * Density, p = . = RT o P R ® For gas, (! can be at constant Cy==R, Cp==R, ===14
W e Volurme £ ¥ pressure {Cy) or constant velume (£) < 2 L
n = Number of moles * For two states, o E N
Fim Ui oot et . . = For ideal gas (¥ = r_: ] « Relation botween molar and specific o mor: e gaE )
(8,314 Fmol ' K) } L= 22 o _ R o R hastcepacity:: Cy=3R. Cp= gn. ¥=2 =167
T = Absolute 1emperature 1 Fd =1 ¥ =1 s M i =Y 3
ENTROPY AND ENTROPY CHANGE THERMODYMAMIC POTENTIALS MAXWELL RELATIONS
E 5} i E f disorder. Fr h ies of thermadyn:
ntropy (5] is & measure of disorder 1. Internal Energy (U] 2 Enthalpy.(H) 3. Hatmihohie: Frow Enmeyi (K] am the properties of thermadynamic
For a roversible process, Total potentials, we get
50 otal micraseopie energy : e ; S
ds i of the system. H =14 P F=l-=Ts | (T'”' ) {‘”..
T £ as ./,
Change in entropy for some processes Al CONSIANT Pressure, At constant T and V, a1 Al
= lsothermal (ideal ?,nj : AH = Q. AF = — W, (nonexpansion) | ( ,-T,'-J { a8 }“
AS=nRin(V,) 4. Gibbs Free Energy (G} I ( n'g'] ar
+ Ilsobaric : A5 = nl In (1) &= H - TS | v/, {';Tr )
+ Iwochoric : A5 = nCy In (T} 3 D8
+ Adiabatic raversible : AS = o Sl (%)

Ao Winas (mon-PV wark)

COMPARISON OF PROCESSES (IDEAL GAS) CARNOT ENGINE (IDEAL ENGINE) IMPORTANT POINTS

Process Condition Q w AU PV Rolation An ideal héat engine aperating between Efficiency of Carnet Engine o Heat.is the araray in tamsie dus o
! } ‘ tw reservairs at Ty and T [T, = T ] i
Isothermal | 7= Conatant w #0 o PV = Constang x e W o temperature difference.
H= —=1—- . i
I I Ty [Hut Reservoir | ! " Werk is the energy in transit due to
luabaric P = Constant Al AT PAL ni, AT P Canstant i Rasapvorc) Qi L] d hiid
| | l o T genaralized force
. e T : i &
Ivacharic W = Canstant By AT ] ny AT ¥ = Constant /J_ = = 1 = o Intertial energy ic's dtate funetion:
1 T T i
Hkatl-- Qo0 Il W PV = Coretant Engine W ~ Heat and work are path functions
{rovensiblal | | \\ Mo engine can have afficiency
1P — PV . @, greater than Carnot engine ¥ For a cyclic process, A7 =0
Paljtrogec | PV™ = Canasanc LI b b - P w Constam C ) i
g r——, | = - Between the same twa " Second law gives the direction of
Ti: (Cald Resarvolll | temperatires. natural processes
QUICK TIPS PRACTICE MORE REMEMBER
o " Always write the sign convention clearly. # Salve numericals on each process % Thermodynamics s everpwhere!
» Use P-V diagram to find work in cyclic procosses + Practice P~V diagrams, From engines to rafrigaratars,

For ideal gas, use PV = nfT smartly + Derivations make cancepts stranger from stars 1o your dally life
Remembar relations batween Cy, €, and R

Understand physical meaning, nat just formulas Undarstand it deeply, apply it wisely!

CONCEPT CLEAR # PRACTICE MORE ¥ SCORE HIGH
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