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Laws of thermodynamics

They state empirical facts found in
the historyofphysics and Chemistry

.

The zeroth law of thermodynamics
- Defines thermal equilibrium:
If twosystems are

each in thermal equilibrium with

a third system, then they are in thermal equilibrium with
each other.

- Forms a basis for the definition of Temperature.

① Temperature reflects the degree of
hotness or coldness of

an object or a system.
of Temperature determines the direction of

heat transfer.

(T) Heat

high Tow

Heat is a transfer of energy, always flows spontaneous
from an objectwith fisha + to an object with a lower

T

.

until the two objects reach the same T, which is

called the thermal equilibrium is reached.

③ Temperature is transitive :

The zenth law
If TH =Tc

and TB =Tr, 3then TA = TB.

Heatisthetransferfeneramotion of particles.



Temperature
- In the International system of Units (SI), the
unitof temperature is the Kelvin (TE)
other commonly used ones are
Celsius (Tc) and

Fahrenheit (Tr)

- Absolute zero is defined as Two.

① In classical physics, it results in zero
Kinetic energy.

② In Quantum physics, particles
will have non-vanishing zero-point energy,

due to the Heisenberg uncertain prince
h is the Planck constant

- TemperatureCan be measured
by a thermometer, such as



Thermal Expansion
- It's not always linear , but in the case of linear expansion

:

① Define X as the coefficient of linearexpansion for a solid object

EXXT for one-dimension (1-d) ,

ot is small.

whereT= -Ti
= lf-Li

The unit of [2] = Emperatureo Neitherrot orf)
=D Assuming the isotropic property of the object,

For 2-d, 2xT (for area A + (2)

For 3d, = 32 OT (for volume V= (3)

& For Liquid object , we define t as the
volume expansion coefficient, such

that for small OT,

*=B OT
- Note : Water is special 1
& For ideal gas , the

thermal expansion coefficient
is defined as

↓)per for a fixed pressure p (PVFRin theunit=5of Kelvin (1)



Density of Water & Volume expansion of Water

-Water is special

(density)g=Cms



Hint to think about solvingthis problem

The change in the area
of the hole is

=2T

- -

-

↑
↑

When T increases
,
OT>O # expand expand



The First law of Thermodynamis
-

( Usy is
denoted as the ((du = da- pdV) internal energyEint.

(Pressure P= )

~ The work doneby the system is
w = fdw= Far=

It's a path-dependent process. P-V

- Heat is a form ofenery tranfer
diagram

D Joule's experiments quantified the
relation between mechanical Work
and heat.

& In the above equation, we define the heat to
be

supplied into the system.
- When matter is transferred into asystem, the

internalenergy
increases by where a denotes the

internal energy per unitmassoftha ter
,

oUsy = (UOM) int ( and (
-M denotes the amount of transferred mass.



Types of Thermodynamic processes

The first Law :

XW = Q - w

PV"= Constant

a
CPthe

- Heat transfer during various processes (for an ideal gas),

DIsobaric : Op = O, QEnCTU
constant pressure

② Bothermal : OT= O, U =0 (Foridesa&

& a
-v = a= w

heatcapacity atconstantvolume

Isochoric : <V = 0
,
=DOWOQ = nG(oT)

& Adiabatic : Q=0 =D PUE Constant , with U=



Heat transfer during various processes (for an ideal gas)

Disobaric : op = o, Q= (T-T) = u(p(OT)-

& heat capacity atconstant pressure
Using

PV= nRT

w= par = p(r-v) =D
on = Q-w (P=nRT))

f

changeof Entropy:SJA
② Bothermal : OT= O, U =0 EnGlu)

&

↳= a- w =
=W

w = Spdv =du = nRTl()
S== uRh()

&
Isochoric : -V = 0,D WED heatcapacity atconstantvolume

= a= ou = nq(oT)

=J_
& Adiabatic : Q=OD

PUECOIaconst
is

U
( =C+R)w = Spdv =SE
for ideal gas

-Xu= D -W = - W

do
us=- = 0

&

C= ER ,

where

f =3 for monatomic
gas

f= 5 for diatomic gas



Mechanical Equivalent of Heat
- In 1843, Joule's experiment
D Found W =G Q

↑ Chenduced
mechanicaloule's constant,

C = 4. 186 Tue love
=D

Work :

15 = 1 (g)mentoofa WmFddm
distance

Heat :

I cal=the amountof heat needed to raise
the temperature of 19 waterby lc.
= 4. 186J

② Unified Differentformsofenergisais heat)
& Established the Conceptof Energy Conservation

- DEintE DEint
,

f-DEint, i
= Q - w



In a simple calorimetry process, (a) heat, q, is 
transferred from the hot metal, M, to the cool water, 
W, until (b) both are at the same temperature.

Calorimeter and Specific heat capacity
- To measure the amount of heat involved in

a chemical or physical process.
- To measure the specific heatcapacity (6) of substances.

Q = McF the tempature change.
heat L

the mass of the sample

Energy Conservation

&
metal

+ Quater =-

#

GM(OT),+ [M(xi
=

where

(OT)= T
- Tim

(OT) w = T
- T initial temperature
- temperature of thermal equilibrium







PhaseDiagram of Water
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