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Thermodynamics Notes for JEE
1. Types of Systems

Isolated System: No exchange of matter or heat with survoundings
Closed system: Only heat exchange possible, no matter exchange

)

Open System: Both matter and heat can be exchanged with survoundingdsy

2. Key Prapert’ues m
\Y‘.
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2. Key Properties
tensive Properties Fmelependent of quantity (temperature, pressure, viscosity)
ensive Properties\Degend on quantity (mass, voluuwe, entropy) o
State Functions: Depend owtg ow initial and final states (P, v, T)
Path Functions: value depends on path followed

P
3. Laws of T)/tewwodg namies

Flrst Law: va

o o’
Energy conservation principle: = W \[\()O{b&\
Slgn Conventions:

Wwork downe on system (W): Positive
Work done by system (W): Negative
Heat absorbed (g): Positive

Heat released (q): Negative

Second Law
Heat canmnot be comptete% converted to work without compensation
For spontaneous process: AG must be negative

AS = T
Third Law T’
EWcropg o{ per{ec’% a@smum@ solids approaclaes zero at absolute zevo

Free Cheryq C@l ——
4. lmportant P?ocesse? G’ = h ~T13 MO k<

(sobaric Process (AP = 0) \\_% QAW&' I

Constant pressure ?

Work done = -PAV 4’/
\olams-

(sochorie Process (Av = 0)

Constant volume ? ‘J\/

No work downe

Vol.  @v=0)

(cothermal Process (AT = 0)

Constant temperature \ ‘9 \b \j /\\
For Loeal gas: W = -2.202nRT log (Va/V1) ﬁ?
/

VJolwme -
Adiabatic Process (g = 0)

No heat exchange 7 P \
PVY = constant
TVt = constant NI

[sothermal Expansion
Reversible (sothermal Expansion I
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(sothermeal 6)qaaws£ow
Reversible (sothermal Expansion

Worle downe:

w = -nRT ln(Vvy/ Vi)

W = -nWRT ln(P1/P)
——

Heat absorbed:

qQ=-w= WRT LV\/(\/z/\/l)

Process is slow and controllable
Maximum work obtatned
lrreversible (sothermal Expansion
Work downe:

W = Pext (V2 - V1)

Less thaw reverstble work

Heat absorbed:
q=-w

Rap’w{, uncontrolled Process

(sothermeal Gompressiow

Work done by surroundings on system
Heat veleased to surroundings
For reverstble process:

W= +nRT ln(va/vy) V€
q,= -WRT n(Va/V1) —VvVe

AdLlabatie Expa nslon
Equations

Temperature relatlon:

[ = |©

Pressure relation:

P1V1Y = PoVvyy

Worle downe:

w=CV(T1-T2)
W = [Plvl - PZVZI/(Y‘i)
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Key Polnts

Temperature decreases during expansion
Internal energy decreases

System does work against surroundings
Final pressure Lower thaw Lsothermal process

Adiabatie Compress’ww
Equatiows
Same as expansion but:

Temperature bnereases /
work downe on system posutwe\/
nternal energy tncreases

=elatlonsht Lps
For compressiow:

T2 > T1
P2 > P1
Vo < V1

Worle downe:

w = C\/(Tz - Tl)

5. Bnthalpy (H)

Total heat content at constant presswe

AH = A + PA\/

For exothermil reaction: AH <0

For evwiothervmc veaction: AH > 0 Qa/\/ 0/

&. Entropy (8)

Measure of randommness

Ovder: Gas > Liguid > Solld

As = qrev/T

For reverstble process: As (sgstem) + AS (sury) = O/

7. Free Energy (@)
G=H-TS

For spontaneous reaction: Ag < 0
At equiltbrivm: Ag = o

2. lmportant Formulae for Caleulations
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g. lmportant Formulae for Caleulations

Q-
7 L w0 1
Joule: 1) = 4184 X 10" eros = G-
Work done: W = F X dx
Heat capacity equation: g = W+ m) XX (Ty-T1)

Clausius-Clapeyron equation (for Liquid-vapor equiltbrivm):
log) (P2/P1) = -AH/2.202R X (1/T2-1/T1)

®1. [JEE Advanced 201€] o
A system absorbs 400) of heat and does 200) of work on the swmuwdéw@icachtﬁg&gf

a) Change tn internal energy of the system _ Ve

b) Work done on the system AV = G+w o> L _ 206

¢) Hent veleased by the systens. 200 | = 400 x Q/).O w = J
_ 4 200)

/L‘o(?)

®R2, [JEE Main 2019]
For an tdeal gas undergoing isothermal expansion from 20 to 4L at 200K, caleulate the
entropy change. Glven: n = 1 mol

))
¥
1
[Qnd

-
&

Rz3. [JEE Advanced 201F]
A heat enging operates between 400K and 200K. Caleulate:
) Maximum theoretical efficlency

_ )——TL = |- 200 - D.25 025‘7.

—

b) Work output if heat LVLPVZLS 1000) at Waxineom ef{t&&cg

Q = [o00]
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Q < [oooj
- N < 0.5 X(00D = o?fi}

Q4. [JEE Advanced 2016]
For an adiabatic process, PV " 1.4 = constant. If initial pressurve and volume are 1 atm and 1L
respectively, what is the final pressure when volume becomes 202

P\/\] Y = -4
Vi Y = 9
P\\/[ “Pa\fl 4 F' = ladm PA
\
\%Q)M = Px\al \/( - I \\2 e
\‘
D) _
¥y = %L‘
— 0219 aHN

Re. [JEE Main 2017]
Aprocess has AH = 25 k) and As = 250 )/K. At what temperature will the process become
spontaneous?

NG = -V
Al = AH— TAS

o = griooo =T (25

ro s50op = B
059
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& [NEET 2019]
Caleulate the work done in joules when 2 moles of an ideal gas expands isothermally and
reverstbly from 10L to 20L at 200K.

wf."'hKTY/ﬂ Y.‘l/
Vi
X p

- -:{\/\8-3&‘7( 200 {n —Q‘

-2% 831 x 300 [ (2)
= —34$3)

RR. [JEE Advanced 2015]
The entropy change for a veversible process in an isolated system is:

\!

=0
Agw> T As(gwwo)

AS =0

R9. [JEE Main 2020]
Caleulate the enthalpy change whew 1 mole of water at 373K and 1 atm vaporizes.
Glven: At of vaporization = 40.7 k)/mol

Ay = o1 ¥l

R10. [NEET 2018]
A gns expands from 20 to 5L against a constant external pressure of 1 atm. Caleulate the
work done by the gas. Ai’: 0. F
==~ poV
P
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11, JEE Advanced 20191
Caleulate the change tn internal energy when 2 moles of an tdeal monatomic gas s heated

from 200K to GOOK. Given: Cv = 2R/2 /
Cp—Cvk

= & (%3 (500>
=m0
_ ‘{Lr%l-U

®12, [JEE Main 2016] Yz
Aprocess hos As = 100 )/K and AG = -10 k) at 300K.. Caleulate At

OH
AGr = AR=TDS

L= Ab+ TS =—loxioo0 T o0 X 07

_ _ (o000 + 3000
20000 7

0¥
®13, [NEET 2021]
caleulate the maxinmum work that can be obtained from a heat engine operating between 400K
andl BOOK If the heat absorbed at higher temperature is 1000).

on
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andl 200K If the heat absorbed at higher tempernture is 1000).

T
7:” —
ll

- [’ @ — 02‘9/
300

e X (000 = 250

®14, [JEE Advanced 2020]

For an Ldeal gas, caleulate the work done during isothermal compression from 4L to 1L at
,___/

B00K..

Glven: nw = 2 mol

—  we-"RT %

/ ’

R15, JEE Main 201€]
Caleulate the entropy change when 1 mole of Lee at 0°C melts to water at o°C.
Glvew: Heat of fusion = .01 R)/mol

83 = O uir

—_—

" i [l
[ 0IXI1000 QQ-DA ol

3 &
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