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MOLECULAR PHYSICS. Glossary-1
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MOLECULAR PHYSICS. Glossary-2
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MOLECULAR PHYICS. Glossary-3.

critlmetic mecan velocity
distribution
equipartition principle of energy

internal energy
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MOLECULAR KINETIC THEORY OF GAS (1)
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The liquid, solid, and gaseous states of a substence are called its
aggreation states.

F(V,T,p) = 0 is the equation of state.

The equilibritim state is such state of a system when all its
parameters do not change on time for stable external conditions.



MOLECULAR KINETIC THEORY OF GAS (2)

is the averaged energy of translation

motion of molecules
N
v,
i~
<v> = ‘];1 A /<v2 > is the averaged (mean) molecule velocity

Example:

i=L2(N=2) 3+5 2, .2
¥=3 v,=5 <">=T=4; <"2>=-\’%=4,12; <v>=~,f<v2>



MOLECULAR KINETIC THEORY OF GAS (3)

T = const, pV = const is the Boyle and Mariotte law (the isothermal process)

p = const, % = const is the Gay-Lussac law (the isobaric process)

V= const, £_ const is the Charles law (the isochoric process)

w1
T = const is the Clapeyron equation

PV M
/4 =g

is the Mendeleyev-Clapeyron equation




MOLECULAR KINETIC THEORY OF GAS (4)

R the universal gas constant

NN is the number of molecules

]\{‘1 is the the Avagadro's number The Avagadro law:

L Iethavolinie oE s inole ot moles of different gases occupy equal
B the gas volumes

The Dalton's law* the total pressure of a gaseous mixture
equals the sum of purtial pressures




MOLECULAR KINETIC THEORY OF GAS  (5)

AN = %nA-S <P At

or

AN= ;61-RAS 32y At




MOLECULAR KINETIC THEORY OF GAS (6)

N
Then: E= )&,
i=1

AN = 6inASvAt

where all definitions
are given bhefore

The total ckanging the momentum of the gas molecules is:

AP = ZA B = (2mv) AN =(-2mv) —nAS vAt= — %nmvaSAt



TO DERIVATION OF CLAUSIUS EQUATION

Elastic collision of molecule with

Calculation of collision number for
wall.

molecules on the element of wall at

square S.




MOLECULAR KINETIC THEORY OF GAS (7)

In accordance with the third law of dynamics: —F =—pAS

Hence: = -.g-nm oD

: 2
So, we can write: P= 7 ”<sb->




MOLECULAR KINETIC THEORY OF GAS  (8)

”ﬁ Ny pV= _j_ N <8ﬂ,> = /= %%]\{4@}) On the other hand
in accordance with the M 2 M

M
Mendelevev-Clapeyron PV'=—RT Hence: ——N. <‘9ﬂ- =—RT or
eq}l(lation:p i H 3p4 ? H

ol 2 o3 N
pV-3E,,. 3N<8¢>—3N2kT —5 p=—kT



MOLECULAR KINETIC THEORY OF GAS (9)
MAXWELL DISTRIBUTION

fiy) = ‘;—]X- is the Maxwell distribution function (the Maxewell distribution)

where d/V is the number of molecules with velocities
from v to v +dy

3 e
Zaxp =22t
fv) =4ra Ny (2 kT) exp{ ZkT}

All other values have been determined above
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MOLECULAR KINETIC THEORY OF GAS (10)

At home independently:
a) to derive the Boltzmann barometric formula;
b) the Boltzmann distribution.



ISOTHERMAL PROCESS (T = const)

| pV = const.

T
S




ISOBARIC PROCESS (V= const)

-

= const.

fo=s)

V3> V2> V1



ISOBARIC PROCESS (p = const)

= const

)

<

p3 > p2 > p1



THE FIRST LAW OF THERMODYNAMICS | (1)

The internal energy is a single-valued function of the system state.



THE FIRST LAW OF THERMODYNAMICS | (2)

f—F 80 =064 tdU
o T ﬁ is the force
| AV 1‘5 acted on
T external Q is the amount of heat
s bodies A is the work under external bodies

80 is the infinitesimal heat increment

OA is the infinitesimal work increment
AA=F Al is the work increment

w T 5
P = isthe pressure |
\) dl is the total differential:
S isthe piston area (j)dU=0
L

AV = S Ak is the volume incyement
AA=(pS)Ah=PAY

P, d o4 are nof the fotal
Q an differentials



THE FIRST LAW OF THERMODYNAMICS | (3)

At home independently:
a) work under gas for the isoprocesses (isobaric and isothermal
processes, derivation);
b) heat capacity, molar heat capacity, specific heat capacity;
¢) heat capacity for the isoprocesses, including, the isochoric
process (derivation), the isobaric (derivation), the isothermal
process (derivation), the adiabatical process (derivation of the
Poisson equation), and the politropic process (derivation);
d) derivation of the Mayer's formula;
e) heat capacity and number of molecule degrees of freedom.



THEOREM ABOUT UNIFORM DISTRIBUTION
OF ENERGY ALONG DEGREES OF FREEDOM

For the system of molecules at thermodynamic
equilibrium at temperature T the mean kinetic
energy of molecules is the same for each degree of

freedom and equalto 1

—k7.
2

Molar specific heat capacity of ideal gas:

CV:ER’ &

Monoatomic gas:
Two-atomic gas:

Multi-atomic gas:
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THE SECOND LAW OF THERMODYNAMICS (1)

irrveversible process

+—0
¢ >0 o Ln—n,

heat
hy

v

EXPANSION OF A GAS

2 -is the staistical weight
(or the thermodynamic
probability).

This is a number of possibie
the system microstates which

corvespond to the given
macyostate

The entrophy is an measure
of chaos in the system



THE SECOND LAW OF THERMODYNAMICS (3)

I1-1' T=const
1'-2  Q=const
2-2'" T=const
2'-1 Q=const

80 =dU+5A
T=const; dU=0
60=64
Q =const; 6Q=0

dU=-6A4

Ad=A;- |4
_ A4 _ A- |4

AA= Qr— |0

e A4 _ Or— (@2l
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THE SECOND LAW OF THERMODYNAMICS (3)

The entrophy of one mole
of the ideal gas

S=RimnV+C,InT+S,

The chanding of entrophy of
the one mole of the ideal gas

AS=8S-8;=Rin++C,inL
1 % G,

1 4
where for } = H and T = Ii
the system entrophy S = Sy

The second law of thermodynamics
(the Clausius formulation)

ds » ¢

dS=R—I—dV+q, %dT

V
L
TdS = A dv +C,dT
The Mendeleyev - Clapeyron
Jor one mole of the ideal gas
PV =RT

TdS = pdV +C, dT = §4+dU=6Q

R 8C  (but Jor the reversible
1 process only)

In the case of irrevercible process:

6¢
ds > —=
T

In the general case:



REAL GAS THEORY (1)

The model of the real gas

A
o

d is the molecule diameter

A Is the distance between
molecules

The Mendeleyev - Clapeyron
equation for 1 mole of the
ideal gas:

pV

——=f=]

RT

where [ is the compessibility
coefficient




REAL GAS THEORY (2)




REAL GAS THEORY  (3)




Force of interaction of two gas molecules as the
function of distance between their centers

- P E F repulsing

| attraction

2r,=d is a diameter of molecule;

F is a force of interaction;

Ep is a potential energy of interaction;

E, is the energy of connection, or potential well depth



INCREASE OF DISTANCE BETWEEN MOLECULES OF
WATER AT VAPORIZING

. s
=

(1)

Vapor of water Liquid water

Scale of molecules drawing is 5 x 107.



TRANSFER PHENOMENA IN GASES (1)

The transfer phehomena:
a) the diffusion;
b) the internal (viscous) friction;
¢) the heat (thermal) conductivity.

Example:

d= 210" m
nw 2. 7:10%m

where: d is the molecule diameter P 1atm
n is the gas concentration T'=~273K

I~ 107" m

= i I= kT
kT N2md?p




TRANSFER PHENOMENA IN GASES  (2)

- i 1
J=-D =) fiere p isthe coeficient ., 4. 5

of diffusion

21

AR




TRANSFER PHENOMENA IN GASES (4)

Analogously to derive (independetly):

the Fourierlaw ¢ =—AgradT

All other values have been determined before



Intake stroke: Piston

moves down, causing a
partial vacuum in cylinder;
gasoline—air mixture enters
through intake valve.

INTERNAL COMBUSTION ENGINE

Cycle of a four-stroke internal-combustion engine.

Both valves closed
N

Spark plug

Compression stroke: Ignition: Spark plug
Intake valve closes; ignites mixture.
mixture is compressed as

piston moves up.

Exhanst stroke: Exhanusr

valve opens; piston moves
up, expelling exhaust and

leaving cylinder ready for

next intake stroke,



THE p-V-DIAGRAMS FOR GASOLINE ENGINE AND FOR DIESEL CYCLE

Internal-Combustion Engines

The pV-diagram for the Otto
cycle, an idealized model of the
thermodynamic processes in a
gasoline engine.

Iod
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o V! oo
(¥) Adiabatic compression x‘-
(compression stroke) *

@ Cooling at constant volume
(cooling of exhaust gases)

The pV-diagram for the ideal-
ized Diesel cycle.

Diesel cycle

@ Fuel ignition, heating at constant
@y )} pressure (fuel combustion). This
€ is asignificant difference between
the Diesel and Otto cycles.

P

Adiabatic expansion
(power stroke)

|
|
|
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@Adiabadc compression %
(compression stroke) H

@ Cooling at constant volume
(cooling of exhaust gases)



ENERGY FLOW FOR REFRIGERATOR AND
FOR AIR CONDITIONER
Refrigerators Air conditioner

Schematic energy-flow diagram of
refrigerator.




