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s ?}1 j; 90)1\{ ﬁﬁ LET. 1. From today, we study thermodynamics.
%fm ;zi X, %iW) {jj)\ ) %ﬁ%m@ﬁg@fg CxrE 2 Thermodynamics is a field in which heat flow
%’Z 953 A E%”“C NE and the conversion from heat to work are
studied.
hfl% ;0)({% A, ﬂ\ =5 0) E| % i&,b_@,ﬁ _&,ng 3. The laws of thermodynamics are the basis of the
LTW3 g %ﬁﬁ@ D Vijj*;?ﬁ/é%g F‘;gvﬁan: internal-combustion engine used in automobiles
T ‘/0)%&%@%’5}0)%@ Lo TWET. and the thermal engine used in air conditioners
which are essential to our daily life.
#h %%ﬁiﬁ [t Y %% B EEBIJ L i %%2'0) 4, Thermodynamics is governed by the first and
’% ((i ):BFJ ZHESNTIWNET. second laws of thermodynamics.
ho;‘;ﬁ%@” . {iﬁﬁlj I, :J:Z\/I/ﬁ%»—{%f EIJO)\_ 5. The first law of thermodynamics describes the
EThHY, %it:r_z\ L — iﬁ%@ix L — principle of conservation of energy, and states
’%%ﬁf X, :J:Z JLE—D R waij @jt%@:ﬁ that the total energy is kept constant while the
A& 7:_\) R AR TUNVET, heat energy is transferred to work.
noh xRS W iziEs £<

~A I

1705 _ERITIE, 7}"11:1:2\ JLF— @j—«\ 6. The second law of thermodynamics states that
%&iﬁ@ 2{ % = LT TE P, 44[50):11 all of the thermal energy cannot be transferred

111



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

L — ;ti;ﬁ“( 5 ;}’L %ft:r_z\ L — %%lﬁﬁﬁ into work without a part of energy being wasted.
He, =% /I/ﬁF»—O) i{f&j\*j—g) jj"( H 5 This means that the quality of energy decreases
PR R 73_‘} S RTUNVE T when the thermal energy is used.

7. :O)%o@?fﬁfob\’(, ZE(K%% L< n}?ﬁjﬂ Lc 7. We will study these two laws in detail in the
WE ET. following.
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%}f%%(@i ”%’ Z_é ﬁ%f\g;ﬁ L u}()\ _g\ In  thermodynamics the object under
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is composed of molecules and atoms.

In a closed system, the system swells towards
the outside when gas expands.

The outward work done by using the force
produced by this swelling is called expansion
work or absolute work.

For example, let's consider a gasoline engine

composed of a piston and a cylinder.

At first, a gasoline-air mixture is contained in
the cylinder.

The mixture gas is ignited and the combustion
gas of high temperature and high pressure push
the piston doing the work to move a car.

In this case, the inside of the cylinder

corresponds to the system. Let the work be W
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W>00D & &E ﬂﬂ‘z;“ L“Cﬁ/\bﬁiﬁ L. and the volume of system be V. When W>0,
(dv>0) the system expands and work is done to the
W< : 271&»%)) 5&%%%0“}’( aJD;T:bfw“é LEd. outside (dV>0). When W<O0, the work is done
(dv<o0) to the system from the outside and the gas is

compressed (dV<0).
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3. #ExitE

3. BNE=

Z dW = (pdA)dx = p(Adx)
p.V > ‘ Ak =dy
. dW =pdV
— | dx
Z
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dQ=dU+dW m) Qi>=U:-Us+ Wi

Z 2T, -{amy)ﬂ{zlm (g% L, Lﬁ%%; A 1. Let’s think about the case where the gas in the
DA kU9 d;@)jl, \7‘_ 75_‘»”%’ ZFE9. system expands and the piston with area A

moves by dx.
’%{f{:y)ﬁn% pltddL, EAXARUITpAD 2. When the pressure of the gas is p, the piston is
Hipb be) T 5
T THENT, dx7FiFsMcEIx 5. pushed by a force of pA and moved by dx

towards the outside.

al O)fz'aéj dx i/J\ SVWOT F VJ;‘:; pl g E LE 3. During this period, pressure p is assumed to be
. constant because dx is small.
FEAX b ‘/&iﬁ%ﬁ;% <, gw?bﬁ% @:%ﬁ% 4. The piston changes quasi statically and there is
£ no friction.

Fbﬁlﬁﬁ:%gx?@ﬁb \fzﬁlf%’?fj YAl 5. From the relationship ‘work=forcexdistance’,

dW = (pA)dx = p(Adx) we have dW = (pA)dx = p(Adx)

?ZILS%EEEE}JHH XdV = Adx =05 6. Since the volume increase is given by
dW:pdV dV = Adx , we have dW = pdV
x7, I E 125 Jj{ o ’Cé{/ A" x T Moreover, when the system changes from state 1
%O)F'E.éj 571~4[§ Lf_ﬁ$ to state 2, the work done to the outside is given
W= pdV &7 &7 as Wy, = [ pav
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We can integrate by giving the relation between
p and V during the process and obtain the work.
The variation of the state during this process is
shown by a pV diagram which has a vertical
axis of pressure p and a horizontal axis of
volume V.

In the pV diagram, the work is shown in area.
Moreover, when the arrow indicating the
direction of the change points from the left to
the right, the system works to the outside by
expansion. (dV>0, W;>0)

When the state varies, the pV diagram is often
used because the direction of work is visually
comprehensible.

According to law of conservation of energy,
when a small amount of heat (dQ) is given to the
closed system, it is used both to increase the
internal energy (dU) and to produce work (dW)
to the outside due to volume expansion as
follows dQ =dU +dW =dU + pdV

This is the first law of the thermodynamics
expressed by the differential form of the closed
system.

When the state changes from state 1 to state 2,

the above expression is integrated and we have

le :Uz _Ul +VK2

- NE= 1L F—



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

HAREfER

X1 M “ ; |

%%@&DS@%%fﬁ%kamiT T e b ARSI R E ZoICH TV SR
& Wik 2ok, Bl THZ2o )

X4r%ﬁj

B 2 MR oWk & R L7 & X (o ‘Téﬁ#%rﬁﬁjkwmif [RE) 205 B, A
%E%ﬁwogufﬁﬁ%eé& Bhb . %TTDO&T k%%L/H%kaO&%m\%®&
xOEFELTOET, S, WMt ne T, BRESMLEY, BoTLESEDT 5
k%ﬁ%bi# EYSNEESN [ YN SRS < [GF 30 VR TRV AL QAR AR
hL\F #EL%J&#V 3 ha NIRRT o

[HE ) LS EERICOT T, ETHARVA, ZORICK T2 - &%rﬁjuﬁé>rﬁbi¢ iz
\Fﬁé%\w?é\W%E\W@xJ&&fﬁ’Pﬁjkwoﬁ I aéf%ww& LLis

Lo, Fz, HETRKY Lo s ns Lo TERICEDES 2L, LV I HkLHY T, =
VY L XU A VLI WAXL

OEkO S T B W W snv E

X 12 T4 | L L
TR L &Il pI0E, e oo =2 Tk covsd. KR onite s
Y

Mg V& »

CLRTEBEED o TH Y, W, W, M. i 2 AbwT TREY onET,

13 r%?&fﬁj
PO TORSNZ L& TBUN LvnET, (#0205 Taiiof S5 TR, #EER, #0). B,
Mﬁ\mﬁ\@ﬁﬁjﬁkﬂbwifo

%13 TE &
FleoiEsz b, phiso s [ B | LnnEd, (© Tk HET)) Bl : Mg +2]
rj\/vé% %E%)J r K[l

117



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

4. BANFDELE

4. BRANFOBZEA

BNFEOE_ZAORE

BRAR | AERHAM

BB OERR TE—F #h—{+3 SO AOERR
BROBE | BE-ER| EE-ER MLV ORE
MBEOEE | SRS | Ee—oom AR I FORE
AIYD sy s— AHZFES

PAGER

Z) H=

exry P X
2
< m—

Ih

A ERAMVE

X _Iél_;ml 2 |—|]:T:
g (£ - {EE
HESHRIZ

& D BeRh e (RE) TART

2010/1/15

F9.

Lﬁ"'/y‘ﬁxl, * ~ A AR R0 ERL ;rlbr‘b¢
HARRICEZ 2B 8 TN FE0FE — 2
EoxE<  Lkp Fxl @pe<
&wm%b@ﬁw>lémz®$w%ﬁt

nonER HiEH £ L

b B BB B0 5 ~&w%ﬁtfkb 3.
<, EAEERICE S B 2 L e B, K
LTkl 5o, 2oRRIE G2 2 kR
%%Q@”*&WTﬁ
WEOFERIC Lz, BAR s biibs 4
CED I ﬁ# Ti:é:&ﬁb#o
TVETF

>

Bz 12, Ea e —2 —CHREFEDS 1T 5.
KHICTEThH, w7 iR B BT
BILEEE LR NS D inh bbbt &
+.

BRI ~O B, LAan T 6.

118

In this section we study the second law of
thermodynamics.

The changes occurring in nature follow the first
law of thermodynamics, however there are
changes that never occurs even if it follows the
first law.

The second law is the criterion to distinguish
whether the changes in nature fulfilling the first

law occurs or not.

From past experiments, it is known that changes

occur in a definite direction in the nature.

For example in real life, you can easily warm
your room using an electric heater. However, the
opposite way like generating electric power
from warm room, is difficult.

The changes in their natural direction can occur
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on its own, but the change in the opposite

direction needs our artificial assistance.

In summary, the second law of thermodynamics
represents the difficulty level of the changing
process. The first law is related to the quantity
of energy, while the second law is related to the

quality of energy.

There are several expressions to the second law
of thermodynamics and they are all equivalent.

Clausius law means that heat cannot transfer
from a low temperature substance to a high

temperature substance naturally.

Thomson law means it is impossible to change
all the heat obtained from a uniform heat source

into work without making any other changes.

Ostwald law says, no such a machine exists that
can continuously change the heat extracted from
a heat source without inflecting change to the
surroundings. (a perpetual-motion machine) .
Next, this figure of cylinder simply explains the
second law of thermodynamics .

In order to take out a positive work continuously
from an engine, we must return the piston with a
small force and make a cycle. This process is
realized by exhausting combustion gas and
decreasing the temperature and pressure inside
of a cylinder.
Practically, we can get the thermal
efficiency from the net work, which gives
the performance of the heat engine.

Thermal efficiency will be explained in the

following sections.
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Please remember the cylinder of the engine we
talked before.

Because there is a relative velocity between the
cylinder and the piston, friction will occur and
the frictional work changes to heat and escapes

to the surrounding.
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If you move the piston in reverse direction, the
gas inside will return to its original state, but the
frictional heat which escaped to the surrounding
will not return.

Hence, the friction causes the irreversible
change.

In nature, all the phenomena, such as friction,
heat transfer, substances intermixing, are all
irreversible changes and the reversible change
does not exist.

But, in thermodynamics we consider a
reversible change for simplicity in analysis.

Next we study a state quantity called entropy.
Here, we consider an arbitrary reversible cycle.

In the reversible cycle composed of two
reversible changes (a) and (b) as in the figure,
when the change occurs from state 1 to state 2
through the path (a) and from state 2 to state 1
through the path (b), the Clausius integral is

given by this expression.
. . 2 . .
Namely, since this value J.l T is determined

by only the initial state 1 and the final state 2
without relation to the path it follows, we can

treat this as a state value.

This is called entropy and denoted by S.

Here, I explain an important theorem.

In an isolated system with no exchange of heat,
work or matters, dS =0 holds if a reversible

change occurs.
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Here, we study about pV -diagram and TS

diagram which we use often in thermodynamics.

Since the work is represented by dW = pdV
it is described by the area in pV diagram.

When an arrow in the figure directs from left to
right, the system is expanding and doing work to
the surrounding.

Oppositely, when the arrow directs from right to
left, the system is being compressed and
receives work form the surrounding.

The diagram with temperature for ordinate and

entropy for abscissa is called TS diagram.
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Here, we study about Carnot cycle.

First let’s think about piston and cylinder system

with a certain amount of ideal gas.

The piston is made of heat insulating material

and has no friction.

Cylinder wall is adiabatic except the bottom,
which absorbs heat during isothermal expansion,
releases heat during isothermal contraction, and
else adiabatic.

The cycle which returns to the initial stage with
the following four steps of quasi static change is
called Carnot cycle.

At quasi static change, we can assume that the

system is always in thermal equilibrium. So, the
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change is described by a continuous curve as in
the figure and the quasi static cycle is a closed
curve.

Let’s think about the isothermal expansion step
(1).
First, expand m mol of ideal gas quasi
statically by contacting it to high temperature

heat source 7], and change volume from V/,

to V.

At this time, the work done by the gas to the
surrounding is described by the next expression.
In this change, T remains constant and ideal
gas’s U doesn’t change.

Hence, the gas receives the same amount of heat
from the heat source as the work.

Next, think about the adiabatic expansion step
(2). At this time, gas is expanded adiabatically.
In this step, gas is expanded adiabatically.
adiabatic

Temperature decreases by the

expansion, and the gas expands until the
temperature becomes equal to the low heat
source temperature T,.

The relation between V, and V3 is as follows.

Because it is adiabatic change, internal energy
will decrease by the same amount as the work
done to the surrounding.

Next think about isothermal compression step
3.

This time, gas contacts to the low heat source
T2, and isothermally compressed and the
volume changes from V2 to V3.

In this case, opposite to the step (1), work is
done on the gas by surrounding and release the

same amount of heat to the heat sink.
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Finally, think about adiabatic compression step
(4).
Gas returns to the initial state from state 4 to

state 1 by compressing quasi statically.

The work done by the surrounding is same as

the internal energy increment.
This work is same as work at step (2).

Here we calculate the total energy change during
the above 4 steps.

Work that the gas is made the outside is the next
expression when a quantity of the energy
changes by the above-mentioned process of 4
stages.

V. V.
W =mRT, In——mRT, In—=
|4 V.

1 4

The work done by the gas to the surrounding is

V. V.
W =mRT, In—2 - mRT, In—
V. Vv

1 4

The heat received by the gas is Q;—Q, and

expressed as

=mRT lnﬁ—mRT ln5 . We see
Q 1 V 2 V

1 4

that these two expressions are equal.

This result is obvious from the first law of
thermodynamics.
The ratio of heat Q ; used as work is
W _0-0_, 0
Ql Ql Ql
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pressure p changes in inverse proportion to
volume V under a constant temperature.

2. This relationship is called Boyle's law and
expressed by pV = constant.

3. Therefore, when the system changes from state
1 to state 2 under constant temperature, the
following relationship holds.
pVy=p,V,

4. In general, this inverse relationship holds more
accurately as the density of the gas becomes
smaller, although it may change depending on
the kind of gas.

5. When the system is heated at constant pressure,
the volume increases by 1/273.15 of the volume

at 0°C for every temperature increase of 1°C.
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This relation is expressed by

V=V, 14—
273.15

where V is the volume and t is the temperature,

The volume is proportional to the absolute

temperature, as follows.
14
— =constant
T

This is because the absolute temperature T is
expressedas 7 =273.15+¢.

This relationship is called Charles's law.

If Boyle's law is combined with Charles's law, it
is said that the volume of the gas is in inverse
proportion to pressure and proportional to the
absolute temperature.

We call this relationship Boyle-Charles's law.

In general, for a gas of n mole, it is possible to

express as follows. pV =nRT

Where R is the gas constant it is given as
R =8314.510 J/(Kmol * K).

Strictly speaking, Boyle-Charles's law holds
only in the case of an infinitely small density.
However, we consider an ideal gas to be one

with which this law holds for any density.

The equation which qualitatively considers the
difference between the real gas with usual
density and the ideal gas from a molecular
viewpoint is called Van der Waals' state
equation.

Van der Waals' equation of state for a gas of 1

mole is expressed as follows

( p+ vizj(v - b) = RT where the constants a

and b depend on the kind of the gas.
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