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Data Programa do curso

August 9
August 12
August 16
August 19
August 23
August 26
August 30
September 2
September 6
September 9
September 13
September 16
September 20
September 23
September 27
September 30
October 4
October 7
October 11
October 14
October 18
October 21
October 25
October 28
November 1
November 4
November 8
November 11
November 15
November 18
November 22
November 25

November 29

Temperatura e escalas
Expansao Térmica
Calorimetria
Condugéo, convengao Radiagdo (Corpo Humano)
Equacéo de Estado
Propriedades moleculares da Matéria
(Aula de Exercicios e Revisao)
Aula Modelo do Gas Ideal
Feriado
Feriado

Prova 3 1/4 - Temperatura e Calor - Capacidade Térmica

Velocidade molecular (Corpo Humano)

(Aula de Exercicios e Revisao)

Prova 3 2/4 - Propriedades da Matéria - Aula Fases da matéria

Prova 1: Temperatura, Calor e Propriedades da Matéria
Calor e trabalho

A primeira lei da Termodinamica

Processos termodinamicos

Semana de Ensino (IFUSP)

Semana de Ensino (IFUSP)

Termodinamica do Gas Ideal

(Aula de Exercicios e Revisao)

Prova 3 3/4 - Primeira Lei da Termodindmica - Aula Processos adiabaticos

Processos reversiveis e irreversiveis (Corpo Humano)

Magquinas térmicas, Ciclo de Otto e Refrigerador (Corpo Humano)
Segunda Lei da Termodinamica

Ciclo de Carnot

(Aula de Exercicios e Revisao)

Feriado

Entropia Micro estados

Prova 3 4/4 - Segunda Lei da Termodindmica - Aula Micro estados

Prova 2: Primeira e Segunda Lei da Termodinamica

Prova Sub




Processos Isolados

AU =0 e Q=W=0

19.17 The partition is broken (or
removed) to start the free expansion of

gas into the vacuum region. T também é constante
qﬂ Ty e A energia interna de um gas

s 1deal depende APENAS da
Breakable .

3} partition temperatura, independe da

pressao e volume

| Gasat
temperature T

Para gases ndo ideais a temperatura muda durante expansao livre
U depende de energia potencial e cinética
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Capacidade téermica de um gas ideal

| Y,

19.18 Measuring the molar heat capacity
of an ideal gas (a) at constant volume and

asi— Porque eles seriam diferentes?

(a) Constant volume: dQ = nCydT

ﬂ' T—=>T+dr

—m- Volume constante
Ext'u:dtain;:rnfm ' nmolcs of . ~ .
velkizno eel g2d Sistema nao realiza trabalho
f&ataé!dad:dﬂ Q - AU

Cp>CV




19.19 Raising the temperaturc of anideal P OI definigao:

gas from T3 to T; by a constant-volume or
a constant-pressure process. For an ideal dQ == nCv dt

gas, U depends only on 7, s0 AU 1s the

same for both processes. But for the con- Todavia (Primeira Lel)
tant-pressurc , more heat Q must
e wiad t ot ncrese I7 and s week d() = dU + dW
W'He:ﬂﬂ e como: dW =0
%, Uy dUI' — nC\,dt
T U,
\ Constant-volume Por deﬁnigio:: pr = nRT
o week: 0 = Al dQ = hC,dt 1
TAK Consmipresns P e
process, gas docs dW =pdV P1
.y work: 0 =AU+ W I 1
| e . T
.~ dW =nRT | @V = —nkdl
. v .
o w % " nC,dT = dU + nRdT

nCpdl = nCydT 4+ nRdT
C,=0C,+R



Table 19.1 Molar Heat Capacities of Gases at Low Pressure
C C C,—Cy,

¥ P

Type of Gas Gas (J/mol-K) (J/mol-K) (Jfmol-K) v =C,[Cy
Monatomic He 12.47 20.78 831 1.67

Ar 12.47 20.78 8.31 1.67
Diatomic H, 20,42 28.74 8.32 1.41

N, 20.76 2007 8.31 1.40

O, 20.85 29.17 8.31 1.40

Cco 20.85 29.16 831 1.40
Polyatomic co, 2846 36.94 8.48 130

SO, 31.39 4037 8.98 1.29

H.S 2595 34.60 8.65 1.33
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Processos Adiabaticos

\

J

Ou o sistema esta 1solado ou € rapido o suficiente para nao sair ou

entrar calor 1920 Apv-diagram of an adiabatic
(Q= U);rmass for an ideal gas. As @

Q — O A U _ W the gas expands from V, to V,, it does pos-
- — itive work W on its environment, its inter-
nal energy decreases (AU = —W < 0),

and its temperature drops from T + dT to

Para qualquer processo, seja o T. (An adiabatic process is also shown in
R - Fig. 19.16.)
processo adiabatico ou nao: o
. Amgahiu‘ij p;u;eis E ;: b
dU = nC,dt T
\i‘;+di"
\ 1"'.
dW — p dv \ -~ An adiabatic curve at any
Dg|—— @ point is always steeper
. . \ I" than the isotherm passing
Para um processo adiabatico N 'hmug'.*/fhﬂsamﬂ polnt.
dU = —dW NN
o TR
T
—pdV = nC\ydT G v
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Processos Adiabaticos

oY

—pdV = nC\,dT

]‘9\:nRT/V

nC.dT = —”R%Tdv

19.20 ApV-diagram of an adiabatic
(Q = 0) process for an ideal gas. As @
the gas expands from V, to V,, it does pos-
itive work W on its environment, its inter-
nal energy decreases (AU = —W < 0),
and its temperature drops from T + dT to
T. (An adiabatic process is also shown in

Fig. 19.16)

Adiabatic process a —» b:
P 0=0AU=—W
T

T+dT

1lIIII
Pa ___\Y

-~ An adiabatic curve at any
@ point is always steeper

|
|
N\ B
B fREND
! e
Ll
|
0 v, % v



Processos Adiabaticos

drl aVv

il 1
T+(v )V =0

v € sempre maior que 1, (y -1) >0
se dV > 0, 1sso implica dT < O
se dV < 0, 1sso implica dT > 0

/dg /(7—1)d7v=0

InT 4 (v —1)InV = constante

In7T 4+ In V7! = constante
In(TV?~!) = constante

TV~ = constante

(0=

19.20 ApV-diagram of an adiabatic O

0) process for an ideal gas. As

the gas expands from V, to V,, it does pos-
itive work W on its environment, its inter-
nal energy decreases (AU = —W < 0),
and its temperature drops from T + dT to
T. (An adiabatic process is also shown in
Fig. 19.16.)

Adiabatic process a —» b:

P 0=0,AU=—W

Pa

r i
T+dT

-~ An adiabatic curve at any
@ point is always steeper
than the isotherm passing
through the same point.

| e /
I N“-v- -
[
|
o v, v v
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Processos Adiabaticos

\

TV '~! = constante 7 em Kelvin

Poden\lxs enconfrar a mesma relacdo para a pressao

T =pV/nR

P1 Vvl7 — P2 VvQ7

19.20

(2=
the ga

A pV-diagram of an adiabatic
0) process for an ideal gas. As @
s expands from V, to V,, it does pos-

itive work W on its environment, its inter-
nal energy decreases (AU = —W < 0),

and its temperature drops from T + dT to
T. (An adiabatic process is also shown in
Fig. 19.16.)

P

Pa—

Py

Adiabatic process a —» b:
0=0AU=—W

T+dT

-~ An adiabatic curve at any
@ point is always steeper

' than the isotherm passing
through the same point.




Adiabatic compression in a diesel engine

The compression ratio of a diesel engine is 15 to 1; this means that
air in the cylinders is compressed to & of its initial volume
(Fig. 19.21). If the initial pressure is 1.01 X 10° Pa and the initial
temperature is 27°C (300 K), find the final pressure and the tem-
perature after compression. Air is mostly a mixture of diatomic
oxygen and nitrogen; treat it as an ideal pas with y = 1.40.

IDENTIFY: Since this problem involves the adiabatic compression
of an ideal gas, we can use the ideas of this section.

19.21 Adiabatic compression of air in a cylinder of a diesel engine.

Maximum
Initial volume COMpression
. 1
i - a5 vz — 15 V’
g

SET UP: We are given the initial pressure p, = 1.01 X 10° Paand
the initial temperature T, = 300 K, and we are told that the ratio
of initial and final volumes is V;[V, = 15. We can find the final
temperature T, using Eq. (19.22) and the final pressure p, using
Eq. (19.24).

EXECUTE: From Eq. (19.22),
Wi e 0.40
=Hil=] = (300K)(15)°* = 886 K = 613°C
2

From Egq. (19.24),

P, =p1(:—:)1 = (1.01 X 10°Pa) (15)'%

=448 X 10°Pa = 44 atm

EVALUATE: If the compression had been isothermal, the final
pressure would have been 15 atm, but because the teniperature also
increases during an adiabatic compression, the final pressure is
much greater. When fuel is injected into the cylinders near the end
of the compression stroke, the high temperature of the air attained
during compression causes the fuel to ignite spontancously with-
out the need for spark plugs.
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Segunda Lei da Termodinamica

N

J

Um copo de caté
nunca esquenta em
um ambiente frio

HOT
COFFEE . Heat

Transferir calor para uma
resisténcia nao vai gerar
Heat €letricidade

I=0

[T

00 |

>

Heat

Transferir calor para uma
roda com remos nao vai
fazer ela rodar

Esses processos nao podem
ocorrer, mesmo que eles nao

violem a primeira lei da
termodinamica

Irreversibilidade!!!



(a) A block of ice melts irreversibly when we
place itin a hot (70°C) metal box,

Metal box at 70°C Metal box at 40°C
Ice at \ Liquid \
0°C :l;> water at
‘_., 40°C
el J —

Heat flows from the box into the icc and water,
never the reverse.,

(b} A block of ice at 0°C can be melted
reversibly if we put it in a 0°C metal box.

Metal box at 0°C

Metal box at N°C
! Ice at \ -Liqui;d
0°C water at

0°C

sall |

By infinitesimally raising or lowering the
temperature of the box, we can make heat flow
into the ice to melt it or make heat flow out of
the water to refreeze it

<>

l

Idealizado reversivel, muito

proximo ao equilibrio
termodinamico



