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Calorie

1 calorie is the amount of heat required to
the raise the temperature of 1 gm of water
from 14.5°C to 15.5°C at 1 atm pressure.

1 Calorie =4.18 J
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Zeroth Law of Thermodynamics

If bodies 'A' & 'B' are in thermal
equilibrium with each other & bodies 'B'
& 'C' are in thermal equilibrium with
each other then bodies 'A' & 'C' must be
in thermal equilibrium with each other.

If two bodies are in thermal equilibrium
with each other then their temperature is
same.
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AQ = msAT
AT l Heat capacity (C) = m X s
Specific Heat Capacity AQ = CAT

Molar Heat Capacity

Heat required to raise the
temperature of 1 mole of substance

by 1°C.
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In an Isolated System
,>T,

M-1 : Heat gain = Heat loss
m, s, (T;—T;) = mys,(T, - Ty)

M-2 : ¥ Heat gain =0
m;s;(T;—T;) + m,s,(T;—T,) =0
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Calorimeter Principle of Calorimetry

This is based on energy
conservation principle

— 100°C What is specific heat capacity of

iron?
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\/

<\V\VVVVVVVNVVY

m,,s,, (Tf —20) + m.s. (T — 20) = m;s; (100 — T;)

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



{

(et C
BANADE ¥ _

Change of State

* During the change of state temperature

of substance do not change on supplying
the heat.

* Both solid & liquid state (or liquid &
vapor state) of the substance co-exist at
thermal equilibrium during the change

ice ice water water water Steam steam Steam
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Latent Heat
ice

T—— steam
W AG o
0°C| E;' k8
lergees o o) 100°C
' - ~water - - |
i

AQ = mL Latent Heat

W/

Latent heat of fusion for ice = 80 cal/g

Latent heat of vaporization for water = 540 cal/g

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



— \ :

(PHYSICS S . %e-'
s Graph Between T v/s Heat Supplied
T N
v
boiling point f-------emme o rp—
iqui
liquid g(!]z—ls

melting point

>
y/ solid Q
+
liquid
—20°C

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



Il Master Planners & Faculties

Prateek Gupta Sir
eSaral Chemistry Faculty

. » |IT Bombay, Metallurgy
. > Online Creativity & Visualization Expert

» Mentored Lakhs of Students

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



Il Master Planners & Faculties

N.K. Gupta Sir

eSaral Math Faculty & Master Planner

» IIT Kanpur, Mechanical
» Ex Vice President & Academic Head, Allen, Kota
' %Sara, ‘ » Mentored many of Rank 1 & Top 100 Students

» 30+ years of Teaching Experience

» Mentored over 3,00,000 Students

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



Il Master Planners & Faculties

Dr.Anshuman Agarwal
eSaral Biology Faculty

» MBBS, MD, FIPM

> AIR-196, AIPMT(NEET)

» ARR-46, RPMT

» NTSE Scholar

~ » ExHoD Biology, Resonance, Kota
» 10+ years of Teaching Experience
" > Mentored over thousands of doctors

ﬁ"i

Get Top Ranks in [IT-JEE/NEET with eSaral APP P> Gacgle play



Il Master Planners & Faculties

Dr. Kushika Taneja
. eSaral Biology Faculty

» Ex-HoD Biology, Pace IIT and Medical, Indore

» Biology faculty at Rao Academy, Kota

8 ! > 7+years of Teaching Experience

» Mentored over thousands of doctors

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P aoogte play



Elasticity
Superfast Revision

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



[ pHYsh—SNAH] ,,_,qe-
e eewana +)
° BANADE v

Restoring force F
Stress = - —_
Area of cross section A
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Longitudinal Stress

1

Tensile Stress Compressive Stress
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Strain

Associated with each type of stress /4

there is a corresponding type of
strain.

A/
Longitudinal Strain = A

Unitless and dimensionless quantity.
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Tangential or Shear Stress & Strain

h p—
Shear Stress Area I b

A
Shear Strain = Tx =tan0 =~ 0 (forsmall 9 )
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VYolumetric Stress & Strain

dF

Volumetric stress = —
dA

) i AV
Volumetric Strain = —
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Hooke’s LLaw

For small deformation, Stress and
Strain are proportional to each
other

stress = k strain

|—) Modulus of elasticity
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Hooke’s LLaw

Longitudinal stress = Y (Longitudinal strain)

_ Longitudinal stress
J,_ Longitudinal strain
Young’s Modulus
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Young’s Modulus (YY)

{+ Al

_ Longitudinal stress
~ Longitudinal strain

_F ¢
 AAY

Y
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Shear Modulus / Modulus of rigidity /
Torsional Modulus [G or n]
Shear stress

A Shear strain
o F F
ABX “Z
h

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



[ ﬁvaﬁ_Swﬁm “’-se'l
Z8)) eewana v,
° BANADE v /

Bulk Modulus (B) AV

i

Volumetric stress = B (Volumetric strain)

B Volumetric stress V

~ Volumetric strain !

AP
av
Vv
AP is excess (additional) pressure
which caused AV.

B=—
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Poisson's Ratio (o)

0O — / F‘;, F

AL /¢ e g

where d is a diameter of /
cross-section & / is length

o deals with corresponding change
in diameter with change in length
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Myg_u Stress-Strain Curve

Elastic limit
Fracture
Ultimate Tensile Point
Strength
Yield Strength ’- If the ultimate
D strength and fracture
T \ ) points D and E are
/ Proportional limit
! ; close then the
4 ! (follow Hook’s law) s .
® / material is said to be
o2 i/ Brittle.
{  Permanent « If they are far apart
47— deformation then the material is
O Strain —p said to be Ductile.

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



/—"‘T" 2.l —\ ;
| PHYSICS wani %e'
| #e ecw{um_.-)

\* BANA DE v

T

Breaking Stress

The stress at which material
breaks is called Breaking Stress.

Force
B.S.=

¢ ~ Area

property of a material

Force that a material can bear oc Area of
cross-section
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= lg(Ag)Z

1
= E x stress x strain x volume

i 1
Energy Density = = X Stress X Strain
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iy Coefficient of Linear Expansion («) C

3
< l > Al 32 =€1[1+QAT]
5 — = aAT
E— ¢, fy =211+ a(T; — Tq)]
1
A, ¢ A,
T Hb 2 a. - PaT A2 NaLllgabATE
~ Coefficient of Area Expansion (3)
V,
vl
AV
T; — = yAT V, = Vi(1 + vAT)
T, vV,

Coefficient of Volume Expansion (y)
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ae o BA_ AV
¢ ¢ A B v Y

[Unit of a, B, yis /°C or °C! or /K or K|

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



,""l;_{ f'.--]'.. _'_"/E—\. y
PHYSICS Wi, C
1 Deewana +)

* BANADE v

Calculating Fractional Change or
Percentage Change

Z=KkA*BY ..(1)

‘—) Constant

For small change

AZ _ A AB
z  “A Y

(%ochange in Z) = x (%change in A) + y (% change in B)
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T

Time period of a Simple Pendulum

g is constant

e | o |

me"
AT 1A¢
T 2¢
AT 1
T2 ‘“‘L
Temperature
AT

T is time lost or gain per second

Time lost or gain in a day

AT
ZTX 24 X 3600
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WhenGT,{’T,TT Vs When(—)l,{’l,Tl
T=2m |-
\/;

clock will run slow &
time will be lost.

clock will run fast & time
will be gained.
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Isotropic Expansion

In this expansion, percentage change in This expansion is similar
linear dimension at any point and in any to uniform photographic
direction is same for same change in enlargement.
temperature. i )
26 1m Everything will Increase.
13 m
1 im Ny 7 N\2m
i oL / N \ m
"/‘/ 2m 3m/ Zm\ mf 4m\| 6m ;/ 4m \ _
> > «—> «—>¢ #\ <—>/<—>
\I\\._h 4 £ \‘\M = //f \"\ "'j A\ /
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Relationship between a, 3, & y
For Isotropic Expansion

B =2«

Y = 3a

For Anisotropic Expansion

B=a3+ab

y=ag+(xb+ah
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Variation of Density With Temperature

Po

— 11— vAT
1+ yAT Po(1 — YAT)

p:
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* If water at 0 °C is heated,
it’s volume decreases until

the temperature reaches 4
.

Maximum density at 4°C

* Above 4 °C water
behaves normally and
it’s volume increases as
temperature increases.

Density, g/cm? _

Temperature, °C
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Thermal Stress

F T F
g £, AT E E
AY
F
Al=4,aAT Stress=K=YaAT
Strain = 3_g — a AT |—> Thermal stress
0
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Thermal Stress

/
: At |
SO, > "o S
Lt
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Bimetallic Strip

A bimetallic strip is made from
two thin strips of metal that
have different coefficients of
linear expansion.

t
B (al = az)AT
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MODE MEDIUM BULK OF MEDIUM
(1) Conduction Required Not transferred
(2) Convection Required Transferred
(3) Radiation Not required
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Heat Flow In A Uniform Rod In Steady State

source _ HEAT sink dQ _ dT
T 0°C (dt) - KA (dx)
< E >
dQ AT
In Steady State, temperature (_) = KA (A_)
of each element of the rod dt e

becomes constant w.r.t. to time.

-]

]
2
T
%13

Rate of heat flow from each
cross-section of the rod will be
same.
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Variation of Temperature

100°C k 1| 0°C

' iy = KA ok
I H = dx
3
100°C dT
is same
dx

0°C
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K, A R
Tl—sz Vi V,
L SRARAA
1
. KA(T,-T)) V-V,
Iy = L = R
- T1_T2
gy = R

L
Thermal Resistance R = —
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Series Combination

Rt o b
L7 KA, 4T KA,
Req = Ry + R,

Parallel Combination

i —
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Q) Find the value of T.

n
vV

T, JUNCTION RULE
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k> savase » } Reflectivity
T Transmittivity

+ v =
: Reﬂected Radiation a+B+y=1
Incident \.\l (0. P) l

Radiation (P)

Absorptivity
Absorbed
\Radiation (B P) Opaque body : y =0
Transmitted at+p=1
\\Ifadiaﬁ““ rP) Black body : 0. = 0
p=1
Y=4
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Prevost Theory

T, > T, :Rate of emission > Rate of absorbing - T,!

T, <1 :Rate of emission < Rate of absorbing= T, 1

T, =T, :Rate of emission = Rate of absorbing

= T, no change
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Absorptive Power

Absorptive power of a body is
defined as the fraction of incident
radiation absorbed by the surface.

0<a<1i

For a Blackbody: a =1
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Emissive Power (E)

Amount of radiation energy emitted
by a surface per unit time per unit
area is called its Emissive Power.

AQ
T AA

Unit : W/ ,
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Stefan-boltzmann Law

E=eocT* (T in Kelwin)
|—> Stefan-Boltzmann constant
=5.67x10° Wm? K* Crp
(e )
P = eAoT?

P — Power emitted

A — Surface Area of the body
T — Temperature in Kelvin e
o — Stefan-Boltzmann constant —

e — Emissivity of the surface e =1 for a Black body
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Kirchhoff’s Law of Thermal Radiation

Emissivity of a body is equal to the
Absorptivity of the body at a given
temperature.

c=a

"Good absorbers are good emitters."
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Net Rate of Heat Loss Through Radiation

Rate of heat emission R, = eAcT,

Rate of heat absorption R, = eAcT2

Net rate of heat loss %Q = eAo(Ty — TH
t
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Rate of Cooling Newton's Law of Cooling

d_(tl —= 3A0(Tl‘)* — T for AT=T, — T, K T

dT k

0% 8 ¢l ==~ — (T, ~ Ty

dt dt e

dT eAo
= (T~ T

dt ms

|—>Rate of cooling i.e. Rate
of Loss of Temperature
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Spectral Emissive Power

I is emissive power per unit wavelength
near a given wavelength ().

f IdA = total emissive power
0
~ —>
A da A

Total area of graph = Total emissive power = g T = for a black body

N
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Wien’s Displacement Law

I“

A, T = constant

T3>T,>T, Wein’s constant

Ao, Ts = Ay, Tp = Ay Ty = b
b =0.0029 m-K for a black body
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Average Speed
Univi ol g

SR (anet.

vavg -

‘l' . nl\il_, Mol Maw

average speed

Average velocity =0
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Root Mean Square Speed
—

3P 3RT
Vims = F = ™
Non |
Root mean Molecular mass

square speed

VI'II]S =

A
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Most Probable Speed A
N dN
2ZRT dv .
Vip = |3 |
Vo |
most probable speed ' >

By Maxwell speed distribution
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Ideal Gas Equation
PV =nRT

R is universal gas constant = 8.314

25 J
3 Mol — K
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Graham’s Law of Diffusion

1
Q' sd ne ¢ leet rinmeoc
vVMolecular Mass
r, vM,
r, \/M1
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Degree of Freedom (f)

It refers to the minimum

numbers of independent means Atomicity of gas f
by which a molecule can possess M . 3
sy onoatomic

Diatomic and other | 5§

Here we are not considering linear molecules

vibrational modes of energy. They . e
should be considered at high Non-linear

temperatures.
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Equivalent DOF (f,,)
nlflRT + I‘lszRT - (Il1 = nz) feqRT

n1f1 + nzfz
A n,+n,
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Law of Equipartition of Energy
Each degree of freedom contributesz KT of energy per molecule.

k is Boltzmann constant

— Universal Gas Constant
R
N
. Avogadro number
Boltzmann constant

k=1.38x10"%3 /K
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f
Internal energy(U) of ‘n’ moles of gas = EnRT

Translational Kinetic energy of ‘n’

| P RT—3PV
moes—zn =5
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Mean Free Path

The average distance between two
successive collisions is called mean
free path.

1
v2ntd?
no of mol/vol (—I I—) diameter of molecule

mean free path ‘A’ =
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Work Done By Gas

W = [pav

Wcanbe +,—or 0
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Internal Energy (U)

> Degree of freedom
f
U=—nRT

ks
f

AU = —nRAT
2
f

AU =3 (PeVe — B;V;)
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AQ = AU+ W

First Law of thermodynamics

Based on Conservation of Energy
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AQ = AU + W

Definition

+ve

Heat supplied
to gas

If heatis supplied
to gas.

If heatis
taken from
gas

Changein U

IfUTAU = +ve

IfUl AU
= —ve

Workdone BY
gas

If workis done by
gasi.e. VT

If workis
done on gas
i.e. V!
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1 f(P S « AU is the state variable i.e. it’s
it value depends only on the initial
and final state and not on the
. path or process.
P Vi T) "
\%
W, >W,>W, * AQand W are the path
AU, =AU, =AU, variables (or transfer variables)
i.e. their value depends on the
AQ; > AQ; > AQ, process connecting initial and
(because AQ = AU + W) final states.
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P
2P > e
ol &1
: ; >V
vV, 3V,

in cyclic process
AU,..=0 AQ=W =areaunder PV cycle

Net workdone by gas

Efficiency of cyclic process =
i Total heat supplied to gas
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Molar Heat Capacity of Gas (C)

AQ = n C AT

AQ

C = —
nAT

AQ depends on process

C also depends on process
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Thermodynamic Processes
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Isochoric Process f
AQ =n —RAT AQ = n Cy AT

PA“ &y—’

f
5 V = Constant Cy= > R
T A W._ —o .
gas — Molar heat capacity at constant
| Volume
g AP
p \Y% Bulk Modulus B = AV/V

B is not defined (volume constant)

>T
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Isochoric Process

f
AQ:n(ER+R)AT

PA
P = constant ! ;
C,=5R+R
Wyas = NRAT 2
>V Molar heat capacity at constant
T Pressure
A
_ —AP
Bulk Modulus B = AV/V

Pressure Constant B=0

>V
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Isothermal Process T = Constant PV = constant
b P,V,=P,V,

i P Vf
Wgas—nRT n Vl

T = Constant (AT =0)

v

A
l)“ C — _Q
nAT
Rectangular _
Hyperbola = e C of this process is not defined
1
p vV Two isothermal curves for a
> v particular gas do not intersect.
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C : R+ R C ] R
P2 LA

Cp — Cy = R Mayor's equation

— =7y Adiabatic constant
Cy
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2 R Ry
F=y=1 9 y=1 “7y=1
Cy =5R C=£R+R &zy
2 P~ 2 0
Atomicity of gas fl| G Co Y
3 5 5

Monoatomic 3 > R - R S 1.67
Diatomic or Triatomic linear 5 g R % R % =1.40
Polyatomic or Triatomic Non- linear| 6 gR = 3R gR = 4R g =1.33

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



[ 237) cuucma e
° BANADE v |

Q) If n, moles of gas 1 having y, is mixed with n, moles of gas 2
having y,. Find Y ;... IN terms of n,,y,, n, and y,.

Sol. n,f;RT + n,f,RT =(n,+n,)f . RT

n1f1 = nzfz

mix —

f

n1+n2

(ng +ny) _
Ymix — 1
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Eabaﬁc Process Molar heat capacity
dQ=0 =AQ=0 C—ﬂ—o (asAQ =0)
W = —AU nAT

> Adiabatic constant Bulk Modulus
P V' = constant B=vyP

Two adiabatic curves for a particular

y y
P.V, =P,V
11 2 "2 gas do not intersect.

Wy = —AU
:_EnRAT:HRATZPfo—Pivi
2 1—-vy 1-vy
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Adiabatic Process Graphs

Y
PV =C PT(l—Y) = constant
P VY P T(%)
Pa Pa
>V il
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y=kx"
| ¥
n=-+ve

n
NV
X > X > X > X
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Q) Which of the following curves represent isothermal and adiabatic process.

PA
1—> adiabatic
isothermal >V
Sol.
Py
Adiabatic slope=—y ( )
Va

>1
Py L

[sothermal slope = — (V_A) | slope |.giabatic > | S10Pe€ |isothermal
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Polytropic Process

P V* = Constant

_nRAT
gas 9 _x

PV, — P,V

W

1—Xx

P VY = constant

_nRAT
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Polytropic Process

Slope of P—V curve

P V* = Constant P V' = constant
xP YP
Slope of P—V curve = — v Slope of P — V curve = — =
—dp —dp
\ vV
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Polytropic Process
Molar heat capacity

AQ
nAT

_AU+W
 nAT

C =
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Free Expansion of Gas

=2 0= O

=2 T win »nadwhwq% PoVo =NR Ty
B 2Vo =7y = FPr =6/

Vacuum
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Carnot Cycle A v Whet
efficiency m'=
PA Cy Qill
A 1
|Qin|
Ty, <r\\“
— R A 'Rice
i \@

(Ty & Ty, arein kelvin)
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Second Law of Thermodynamics

w

Hot reservoir Cold reservoir

No process is possible whose sole result is
the absorption of heat from a reservoir and
the complete conversion of heat to work.

Efficiency of Cyclic process must
be less than 1.
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Refrigerator

Hot
resevvoir resevvoir

W+ [Qul = |Quud @?@
Qin |Qinl Ty

Coefficient of performance (a) = e

lQoutl o |Qin| TH - TL
for reverse Carnot
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Entropy(S)

Related to disorder in system.

d
as =

AS=de=deQ

Temp — Kelvin

For adiabatic process AS =0
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Pressure (Force/ Area) SI unitis N/m?= Pascal (Pa)
1 bar = 10°> Pa
1atm = 1.01325 bar =~ 1bar

45

tan 0 =
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Variation of Pressure

= d
P, 2 ] ~
P1

"~’§ ys

P, + pigh; + p,gh, —pral; — pzal, — psgh; —p,gh, =P,
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Q) Find pressure at other end of the rotating tube as shown.

1 YO
S g
P, I P
AOR
Sol.
21‘,’
P0+p(.l) E‘FZPI
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Barometer
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Buoyant Force Buoyant force is equal to weight of
the fluid displaced.

Buoyant force depends on g,

Buoyant force acts opposite to g,

BF = psgh A

Loss of weight of a body submerged
(partially or completely) in a fluid is
equal to the weight of the fluid
displaced.
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If p, <py then body will float

If p,=p, then body will just float with fully
submerged

If p, > p, then body will sink

fraction submerged

|
Vs _Po

For Floating objects:
Vi P,
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Volume flow rate Mass flow rate

Volume flowing through per Mass flowing through per
unit time. unit time.
dVv dm -
-, I —_— = \ ¥4
at Av dt p
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Equation of Continuity
A

More crowded the streamlines in a region
A, v, more is the velocity in that region.

b
\'Z v
— (
Avi=Ayy, | ( :
[
It is based on law of ey ﬁs
conservation of mass F'l
fo

Vo, >V 7\/&,
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Bernoulli’s Principle
Y

1L
1 2 1 2
Py + pghy +5pvi = P; + pgh; +5pv;
1
P + pgh + Epv2 = Constant

It is based on law of conservation of
energy
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Speed of Efflux: Torricelli’s Law

a<<A

2gh=v
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Venturi Tube

= Po'f‘%ll) Av,= A, v, —0
Pﬂ Py = Fo’rfah_)_
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Surface Tension

Surface Tension (S) = Force F
urface Tension (S) = TRt L
It acts away from the system.
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Surface Energy

Surface _ Surface Surface
Energy = Tension Area

U=SXx(£d) x 2
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Q) A water drop of radius R is broken into 27 small drops. Find work done
or increase in surface energy in this process. Given surface tension of

wateris'S'. i
7

DL).—--UJL-—U;: :‘-(957‘*2'3 } ’V,; :vj_)

Sol.

Ub‘ = SiE YAaR* i UJL:: SXYAY " X2 F %AWT:. 27 Ay Y3
= (1.57”?1 :S%qﬂ&l)(?j Rz 3Y
= IlS:?\?L i /3
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Excess Pressure

Inside a Drop in Air  Thin Soap Bubble in Air Air Bubble in Water
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Contact Angle (0,)

Glass Vessel — Water  Silver Vessel — Water Glass Vessel — Mercury
0.< 90° 0.= 90° 0.> 90°
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The value of 0. determines
whether a liquid will spread on
the surface (wetting) or it will
form droplets.
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Soaps, detergents and dying
substances are wetting agents.

When they are added the angle
of contact becomes small so
that these may penetrate well
and become effective.

Water proofing agents on the other
hand are added to create a large
angle of contact between the water
and fibres.
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Rise of Liquid in Capillary Tube

XY r
R =
cos0O,
s 2S PA) ;
— = COS
© P8R pgr ¢
l

Rad of curv
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Viscosity <@

Viscous force exists when there is relative

motion between layers of the liquid.

\' : )
F=nA (_,) —> Velocity gradient

wlr '3
Coefficient of viscosity
F

~a—

Fixed
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SI unit of n is Poiseuille (Pl)

CGS unit is Poise

1 Poise = 0.1 Poiseuille
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Stokes’ Law

F,is = 6mnrv

—

F,i is opp. to V
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Terminal Velocity
Sy

_2(pp — pOT’g

Vo=
T 9 n
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Reynolds Number (R,)

_ pvd

R, A

Density of fluid ( p )
Velocity of fluid ( v)

Diameter of tube (d)
Coefficient of viscosity (M)

\//

It R, <1000 Flow is steady
If 1000 <R, <2000 Flow is unstable
If R, > 2000 Flow is turbulent

Largest velocity till which tlow is steady is
called Critical Velocity.
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