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Types of Processes 
Isothermal Processes: 

•A process in which Temperature of the system remains constant though other 

variables may change. 

•Transformations at constant temperature (dT = 0) 

 

Isochoric Processes: 

• A process in which volume of the system remains constant though other 

variables may change. 

•Transformations at constant volume (dV = 0  or  dα = 0) 
 

Isobaric Processes: 

 

• A process in which pressure of the system remains constant though other 

variables may change  

•Transformations at constant pressure (dp = 0) 
 

Adiabatic processes: 

 

• A process in which no heat is exchanged is with the surroundings. 

•Transformations without the exchange of heat between the environment  

          and the system (dQ = 0 or dq = 0)  

2.1 Introduction  
2.1 INTRODUCTION 
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Adiabatic Processes 
P-V Diagrams: 

p 

V 

f 

i 

Isotherm 

Isobar 

Adiabat 

Isochor 

2.1 INTRODUCTION 
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EXAMPLE: POPPING A BALLOON 

 A “reversible process” can go in either direction, but 

these processes are rare. 

 Generally, the irreversibility shows up as waste heat 
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Not reversible unless  

energy is expended 
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2.2 THE RELATIONSHIP BETWEEN HEAT AND WORK 
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Heat 
 ... is the amount of internal energy 

entering or leaving a system 

... occurs by conduction, convection, 

or radiation. 

... causes a substance's temperature    

to change 

... is not the same as the internal 

energy of a substance   

... is positive if thermal energy flows 

into the substance 

... is negative if thermal energy flows 

out of the substance 

... is measured in joules 
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2.3 INTERNAL ENERGY AND THE FIRST LAW OF 

THERMODYNAMICS 

First Law of Thermodynamics 
energy can neither be created nor 

destroyed 
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INTERNAL ENERGY 

system U = kinetic + potential 

system  

boundary 

“environment” 

The internal energy of a system of particles, U, is the sum of the kinetic 

energy in the reference frame in which the center of mass is at rest and the 

potential energy arising from the forces of the particles on each other.  

Difference between the total energy and the internal energy? 

The internal energy is a state function – it depends only on 

the values of macroparameters (the state of a system), not 

on the method of preparation of this state (the “path” in the 

macroparameter space is irrelevant). 

U = U (V, T) In equilibrium [ f (P,V,T)=0 ] : 

U  depends on the kinetic energy of particles in a system and an average 

inter-particle distance (~ V-1/3) – interactions.   

P 

V  T A 

B 

For an ideal gas (no interactions) :   U = U (T) - “pure” kinetic 
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Internal Energy (U or E) 

:  (measured in joules) 

 - Sum of random 

translational, rotational, 

and vibrational kinetic 
energies  

DU:  change in U  

DU > 0 is a gain of 

internal energy 

DU < 0 is a loss of 

internal energy 

----------------------------------

Thermal Energy:   

 same as internal 

energy 

                         

Vibrational kinetic 
energy in solids.   

The hotter the 

object, the larger 

the vibrational 
kinetic energy 

                       

  

 

 

 

 

 

 

 

 

 

 

Motions of a 

diatomic  

 molecule in a 
fluid 
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INTERNAL ENERGY (U OR E) 

is the total of the kinetic energy due to the motion 

of molecules (translational, rotational, vibrational) 

and the potential energy associated with the 

vibrational and electric energy of atoms within 

molecules or crystals.  
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 One form of work may be converted into another, 

 or, work may be converted to heat, 

 or, heat may be converted to work, 

 but, final energy = initial energy 
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2.3 INTERNAL ENERGY AND THE FIRST LAW OF 

THERMODYNAMICS 
N

h
iệ

t đ
ộ

n
g
 lự

c
 h

ọ
c
 c

h
o

 V
ậ

t liệ
u

 - L
V

H
-P

V
V

 

CuuDuongThanCong.com https://fb.com/tailieudientucntt

cu
u d

uo
ng

 th
an

 co
ng

 . c
om

http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt


For a cyclic process (Ui = Uf)   Q = - W. 

 If, in addition, Q = 0  then  W = 0 

The first law of thermodynamics: the internal energy of a system 

can be changed by doing work on it or by heating/cooling it.  

DU = Q + W conservation of energy. 

P 

V  
T 

An equivalent formulation: 

Perpetual motion machines of the first type do not exist. 

Sign convention: we consider Q and W to be positive if energy 

flows into the system. 

2.3 INTERNAL ENERGY AND THE FIRST LAW OF 

THERMODYNAMICS 
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2.3 INTERNAL ENERGY AND THE FIRST LAW OF 

THERMODYNAMICS 
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2.3 INTERNAL ENERGY AND THE FIRST LAW OF 

THERMODYNAMICS 
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Example,  

First Law of Thermodynamics 
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2.4 CONSTANT-VOLUME PROCESSES 
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2.5 CONSTANT-PRESSURE PROCESSES AND THE 

ENTHALPY H 
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 An increase in internal energy increases the 

temperature of the medium. 

 Different media require different amounts of energy 

to produce a given temperature change. 

20 
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HEAT CAPACITY DEFINED 

Heat capacity: the ratio of heat, Q, needed 

to change the temperature of a mass, m, by 

an amount DT: 

 

 

Sometimes called specific heat 

21 

Tm

Q
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D

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HEAT CAPACITY FOR CONSTANT VOLUME 

PROCESSES (CV) 

Heat is added to a substance of mass m in a fixed 
volume enclosure, which causes a change in 
internal energy, U. Thus, 

Q = U2 - U1 = DU = m Cv DT 

The v subscript implies constant volume 

22 

m 

Heat, Q 

added m 

DT 
insulation 
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HEAT CAPACITY FOR CONSTANT PRESSURE 

PROCESSES (CP) 

Heat is added to a substance of mass m held 

at a fixed pressure, which causes a change in 

internal energy, U, AND some PV work. 23 

Heat, Q 

added 

DT 

m m 

Dx 
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 CP DEFINED 

 Thus, 

Q = DU + PDV = DH = m Cp DT 

 The p subscript implies constant pressure 

  

 Note: H, enthalpy. is defined as U + PV,  

 so dH = d(U+PV) = dU + VdP + PdV 

    At constant pressure, dP = 0, so 

    dH= dU + PdV 

 For large changes at constant pressure 

    DH = DU + PDV 
24 
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EXERCISE 

1. Calculate the change in enthalpy per lbm of 

nitrogen gas as its temperature decreases from 

500 oF to 200 oF. 

2. Two kg of water (Cv=4.2 kJ/kg K) are heated 

using 200 Btu of energy.  What is the change in 

temperature in K? In oF? 

25 
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HEAT CAPACITY 

T

Q
C

D


The heat capacity of a system - the amount of energy 

transfer due to heating required to produce a unit 

temperature rise in that system  

C is NOT a state function (since Q is not a 

state function) – it depends on the path 

between two states of a system         

T 

V 

T1 

T1+dT 

i 

f1 f2 f3 

The specific heat capacity 
m

C
c 

( isothermic  –  C = ,  adiabatic –  C = 0 ) 
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CV AND CP 

dT

PdVdU

dT

Q
C




 V

V
T

U
C 












 the heat capacity at 

constant volume 

the heat capacity at 

constant pressure 
P

P
T

H
C 














To find CP and CV, we need f (P,V,T) = 0 and U = U (V,T) 

nR
f

Nk
f

C BV
22



For an ideal gas 
 

TNk
f

U B
2



# of moles 

1
2

B

f
H Nk T

 
  

 

1
2

P

f
C nR

 
  

 

For one mole of a 

monatomic ideal gas: 
RCRC PV

2

5

2

3

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ANOTHER PROBLEM 

During the ascent of a meteorological helium-gas filled balloon, 

its volume increases from Vi = 1 m3 to Vf = 1.8 m3, and the 

pressure inside the balloon decreases from 1 bar (=105 N/m2)  to 

0.5 bar.  Assume that the pressure changes linearly with volume 

between Vi and Vf. 

(a) If the initial T is 300K, what is the final T? 

(b)  How much work is done by the gas in the balloon? 

(c)  How much “heat” does the gas absorb, if any? 

P 

V  

Pf 

Pi 

Vi Vf 

K270
1mbar1

1.8mbar5.0
K300

3

3







ii

ff

if

B

B
VP

VP
TT

Nk

PV
TTNkPV

(a) 

(b) 

f

i

V

V

ON dVVPW )(

  bar625.1bar/m625.0 3  VVP

(c) 
ONWQU  D

  Jmbarmbarmbar 333 41066.04.05.08.05.0)(  
f

i

V

V

BY dVVPW

- work done on a system 

f

i

V

V

BY dVVPW )( - work done by a system 

BYON WW  

    JJJ 445 105.41061.0105.11
2

3

2

3











D BY

i

f

iiONifBON W
T

T
VPWTTNkWUQ 
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REVERSIBILITY 

 Reversibility is the ability to run a process 

backwards and forwards infinitely without losses. 
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30 

               Reversible                        Irreversible 

               (no service fee)               (5% service fee) 

Day       Dollars       Pounds        Dollars       Pounds 

Monday 100.00         40.00   100.00 38.00 

Tuesday 100.00         40.00     90.25 34.30  

Wednesday 100.00         40.00           81.45 30.95  

Thursday 100.00         40.00     73.51 27.93 

Friday  100.00         40.00     66.34 25.20 

Each morning, dollars are converted to pounds. 

Each evening, pounds are converted to dollars. 

Money analogy 
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REVERSIBILITY AND ENERGY 

 If irreversibilities were eliminated, these systems 

would run forever. 

 Perpetual motion machines 
31 

Electric Current 

Generator           Motor 

Voltage 

Pump      Turbine 

Fluid Flow 

Pressure 
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Home work 
From 2.1 to 2.8, David Gaskell, p.38-40 
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