HHOIO3 Heat and the First law of 7hermodyramics
Conaicler heating done g @b Shown bekbw. From
W= oy inted Hior, (ES expected that

N | l 1%ass of
LS 2 = AU~ e
| T%@%% & i

| ﬁﬁe/wbd)mam;@
VOO0 Qi the het absorped by the.

W /s wWork o by the . Frally, AU &
the C/\cmge of the inferna¥ eNelgy .-

Consicer fwo systems i themal contact with 1,>T,. It o

=1 T, () f@?“’@'é’?a’m rearsrabée To Guem
i%\)"o _ L hoes themal culibain
o >d : > reached . Sypoge
g
reservoir Tz : . the thermal contact
C Ty  ftire ety at £=0.
Because the reservoip.co HUSE, Tz remains Condiarts. The femp.

of the dyatem T.(¢) Increases o T, to To. and reaches themal
uilibrivm with the. reservorr

D Temperatwe.  Let wus try T anderstand how themad
equibibrium (> reaches frem microscopic Collisions between
gad mobocukes.  The Systema can exchange energy by allision.
For Simplicity, 1D (alng 2-axis) elashe

Sysfem
m, Z Collisions are Considered here, .
3 U, Gen be
. _ U/= m!mQU+2m2 W & Qal, i
\ i\( Sysfen | I mim, I mpm, 2 Compded foo!
m 2

2

2 4mym
i, ol il PP S, [4 Lol B
Al = gmO'-gmy, (rpmy)? 2N~ oamMe+ 7 mm)Q

The energy change dlue lo cllisin
V=
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Eoch coinion Ceadls o difFerent AU,. On av :
A - 4/”/”)2 & . . S A 2
Uy [(2@‘)2 )= (7MY )]

(M)

B € The &t Term vanishey offer faking averge beaause
& : @ Y0 =020 0=0! When equilibricem 9

= recd\e;h we expect the auerage y exchange Vanishes,
{au,> =0 @ egulitnen — (Tsz2UQQ> - (?ZL’”/L)71>J

Thua, Lt o ferpting To define the femperatzue 1his way,

' U S e J - N Spuiibricem
(2”1‘05 > 2 fTL (C—’/Z)J v =T crkoon
f O VI I R R
Boltzmarn condtant.
from the definttion of ferperatere, the erergy change o
directon of”

_ 4mm |
aaS = ?n_m’)z Fh (T7T) o< (T-7;) %f heat B

let us  find the dyramical equation for T/ ).
@) Accorcling To #he definifion, (4> =<Zmgty=ZRT;

du; \ d d7; :
Gt ) TR G < ar  ceiBes fempckagigreie
(6) From the above discusion, (AU > o< (T-77),

(EQL>D< (79-_._-,7> Suppese System 2 1S HUGE == To= Conat.
= b AT dnvey the erergy Fbw.

Combine (@) and (b) Together and we amive at
<0 - (q—r,){ Set X=T-T, —> L =-yX

A e u Y
It o StrajghttErwent To find the sobion X&) . \

—¥t —¥ = T =
Xty=Xoye = - (T )ye & XO7TT (=
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The temperture. of dydfem 1 »
)= T, = (1T ) e 2

T8 cayy (yet imporiant) 0
| check that A.,@.)—;(L\ T and
T(e0)= Ty L Quite inferexting that T/ () appreoches thermal
Squilibriam in exporential farm.

D The First Low revisited. Starting from Work - énergry theorem
fora system, AK= Wext Wi . IF the informa® Breos are
consenative, Win = ~AUpn. In adblifion, the kineticenergy
can be dlecompased info two parts MWl

Combine. ol preazy 7’703@#\6/‘ &/ Contains both
A( i% R ) Ry
! Non-conservative ¥

LE =05 INfernal energy .
Most of the fime, Uon™ O and the energy conservation giies

Yy — XA
(AU-: Wy Rotie thot Wex = ‘[

Moking cwe of the relation Wex =~ W, the E-conseration b

( AU+ = O %T,mgs&@qu;e;n%zjy@rwoﬁ
A EN NAMUCD . erhing ¢» MISSiNg, ...
hc%f' quife nghf' — g = =
There are Some enelgry Changed #VOL@/\ microScopic. Collisnu .
Whicre (S due To
Mo o Mo = QoW | [ EERIEE,
ol /microscopre A SCaQe icoble / ;‘if

mocroscopic Variabhled. — % H54T QA
eDepartmenl of Physics National Tsing Hua University



PR 4
ana.QQ)/, we arrive at he lar@:rm of” thermradlyramic,
/AU —G= W] hopefzldly, we now Anow

fe/np T ard heat Q) beffer 4

D Weork . The work dbre by the Sysfem can be
Compulecd—yr = pax—=—p Az
= Pay = PCy-v)

U T - T R

In geneml aase, the premsare s ot Cordent
and the work feuns info a definite integraQ. Let us fry Go
Comyute the work W for deal gas

w= [pd
- \V:
v " cluring, [sotherpal] Qpansian.

Va
Pr Wake W= [Tpdy e PvemT
: Shoded area . V.
Z ' 2 dy
7 =NTI
TG 7

| MoV ¥ Camy out the. infegra® lo obiain W,
{W= NET Q'\V/ t = /\//'QTQ\(—[‘/—/&) whed aboud
/

V.
v AU and @ ?

Gereralize owr previowy calbulbdions To 3D @rhfe/rnpme/&y,
L(u} = {-Z’—m(zgﬁz%ﬁv;)> = 2—3-@7‘] — U= N<Uy=SNRT
Thus, AU=0O for (deal gaw during isothermal expandion.
Fonthe 15 Gy, @= AU+ = W Aere.
7

':;% Q= W= NET En (2
AU =0 ISothermal

T i T
Department of Physics National Tsing Hua University
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e A
D Hext apocity.  The heat Capacithies ofF const
volume and Conat pressare are defined ax

_ | A AL ¢
= @‘—T—')p & Q=75 (3‘—?)\,
Wrte #{e Iyﬁaw N differential form,

- = o
dp=du+pdy —> GR= GL+pgy

@) IF Hhe volume O fixed, dV =0
Q) = /du = - L /du
dT)v dT)v N RS dT>vJ

(b) If the pressure & fixed, .
AR\ - du dvy) _ L AU | pEy:
dT)P dT)p+ P(d'r o i [3’ n dT)p+n d'r?j

We are row recely To compute Cv, Go 61 monoafomic leal g,
e
U=ZNRT =50RT —» (=4 Z’—?)V =K 2R

Nowr Cot tp teen To the

D Adiobatic poass.  During odiabatic expansion (Q=0),
Er A: - sothemmat he temp of the (deaal gan dereasex.

L]

-C =0 = AU=-W <O \,

: X N Lo
adiabofia™ B N =
' =y T decreasan ¥ \(CF

I v2 Department of Physics National Tsing Hua University
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For idea@ gas, AQ=NG AT, Beoause the proaess

Ly addiobafic, dU= dd-pdy . We obfaina

Simple difirentiah re@ation,
Stauting flown the eguation

Of Ntate, we obfain another différenkial) refation,

f
Pv=nRT —b 2 pdV+ Vdp = nR&T ¢ < &lininatedT

NRG, AT+ Rpdv=0
G pav+Q, vdp-NRG, AT =0
Note that™ G,+R = G 1or cdeal gad. The abeve relation ig

& op _ d s dy
Cp v‘"'Q/—p——O = L—pQ'FB’T/-——OJ Yes ¥

—>  P(G+R) dV+ G, vep =0

Integrole the diffrential refation,
2,
dp dv _ _Fh L -
j Brygpme mapavap-o

Combine the QD@Q/Y#W\ lo Simplifs, the Soluhon,

PzVX = — b Y

Qw(TDI——\;;“?) O > [73_\/2—}?\/‘ = Const
Compaved with PV=const in isothermal process, the reftion
Cfﬂ/@& (o M N adliabat'c Procesd B (el gad.

News thad we denive the refation B=BP), ot & easy to
calbwlate the work W S

V}z l/2 —-b«' é’
w= [ ‘pdv = cmr.fv R —
7 |

Y -
Ly

=Y

= Conot- @— o= B, =5\,

A\
(5E
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. = paga. 7
_ hvVirBva _ R hat abeut
, = / 2 = . (—G_—,E )J W, &

¥ AU ¢

Note thot @=0O =7 We expect AU =~-W. Ib it
So 5 let wn calbubte %ecfwgeo,@rhwenagx

AT=NG (T R EE =g

= MR ~
- (71_7"'> A— it —N, CU)&P%?‘@J

D entropy.  Now we would Gike o infreckice a peculiar

2r o B Themodyramic vanasle — entropy .
ﬁ Consdler Two cifferent 1hemal pracessex
clong I ard I, from Sfare Ale B.

e C@eany vv{=fr7po!v4= WQ_‘:fr;pof\/"

Cne also expects the absorbec! heat @+ @2 in genensQ.

However, because AU = UMB)~U(A) (S indleperdent of

e pate, the 15w gives AU = Q-

e ! Q-W, = Q- W, Cne can generalize the clea

@ acycle. F »wW=6
Because. the System refeuns To the ongina® @

State, AU=0. Thuy, P=W and

A=ty

_ N the erclbsed area %
(Q" W = \qudvj“’/ &~ P-U plane. v
In modthematiaal term, the above resull means that
_ I s rot ot i fRrental
Sgdq)__ O+ 0 @ > rot an exa 1\

ard s path dependert & :-’—*
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However, we would Cike to claim that

[ $R =0 fr s st yees

The preof® is ol €asy and I shal skip it
here. But, we Can nsea how cf works i Simple
cases. Corsicler the Square oyl for idead Gan.

1% N Bd B
QPW‘ A B 85,08 '—"f _-“;-9 zfq:y*%jv
o | >
' / /\/ YOMCLJT\Q»Q@QQ
b D c fﬁQ’T+n'Q v aalll €n again |
Vo 2V, Camy out the above infegrafs,
= 15 L7 -
5= 1003 ) 200 1) ~ 0002
Repeat the same calloudion or B> C,

£-dv ferm
_ Bl e 7 il
B e ﬂq@x(—:,_f ) B W because V15 Fxed].
Simikarly, 1t &> Strojghtforviard o Complete the cycle,
= Iz V =
AS =nGen(L )+ PREN (L) = NG 62

C-D

DSsa=PCrén —_,—Tg ) = NG en2

Aolab‘/ﬁ alQ pieazs together, We fird the swm (s 2ero,
PR= 45, + a8, 4%, +AS,,,

C‘—-?D

= NG 2 = NG 2~ N2 +NCNr2 =0

FE 20 T e climet preinsty 80 155
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Because the infegial /& a Complete oyl (s zer,

we can define a State fenchon S an

2
ES =S = f f;”__@., S18 the enhopy .
[

It & fan To g0 back to the demo example.

-o’} T }f"’lz‘j’\)i S(B)-SMY= NG 2
E(o / o S@)-8®) = ~NC,en 2
| S(D)-S(cy = NG 2.
to‘io é: = % S(AY-8(D) = NC, G2
t3 7 ! c\‘ 2 Fram the above relbfions,
RVe D fo, 2V C One can express enfropies

writh reSpect to the initiaQ sState A. Note that Ta=To here.

SB)= S(AY+NGEn2 3
B)>8S =
S(c)= SCAY+ PRGN G >_ Yy > StA >3 0

 S(D)=SAAY-NGEn2 Although b O hard to pir down

the meaning of entrepy /3, Q&Qﬁ@i«@@tﬁiﬁ@rﬁ%&e’%@@
OF disorder cn the systen &

D Caprot chch. Consider a O/OQQ Condinls Of Fwo Isothemmad

o S ! and 1o adliobatic pro@ares as Shown
X 2 on the L. The oycle & named affer
Lz;‘ ~Ju Carnot™ f&r Ars ingeniows INSIght” of heat
=9 engine and thermodlyramica.
-
/ Z Gt w Compule.
el ‘ .
sotherma® K\ odliobate w1
_{_,_. 3 Q\ -f-' "
! F 3 G \
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Stert usith the work, Wa, Wos Way Wi,

V\/,2=[Pci\/ =n@7;,/[dv\/ = PR, &n V;‘ >0

We alreacly compule the work cbne i the acliabahc
Procens in previcwd Sechon
_ NR .
W=, (BTL) =G (Ty-7.) >0
e T e TF e N
SIWQCU‘QV , ONE can obfaun Way, Wy, ’

Wy = PRT () and W, = 06, (T-7,) <o

-_—
e T B P

We Ccaen rewrfe. Wsy 13r easier comparnison.
FVi=BV, el ) Vi, = F - VoV . RPs

—_— G —_—

RVa=R.Y, vii RV A AN
Nows moke wse of the refations B adiabatic ,D@CQM@
RVL=RVS _, M'_ AW £ vv¢>= i

= —
A A e Rovwe Vs ) A

Combine both el of refabons foggﬂxe/\,

\(ZVLJ-: sz.Vfl-K > V\/‘ﬂ)-hj o VZV‘”—::L
Vi Va Vi V3 A% ViVs

Now we are recely To rewrite the work W,
Wy = PRT, &5 (1) = =PRT_ &n ({2) <o
The total WMWQ%QW
W= D pdV = W, Wyt iy, + W,
- ﬂ%@w(—t—ﬁ%)+ﬂ@&-a>—n&n@(ﬂéz>+n% gm
(W= AR (T-TL) 6 \—‘j’-J
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The sytem absonss heat Qin = Wip @ femp Ty
c%/»o{ emity heal” Qout = War @ femp 7.

= —— .—.—Vg.
ch VV/Z n&)m& Vi >0

Vi
= WL, = —NRT, —2

Tt shal] be eady to 200 that Win and Qau are related,
[@m - @wro}_,bﬂgd\g:jgggz ®h+ %ZOZ

T [ v L
Once agaun, we demonstrate #hat &gd@/T &

eptrepy S onky clependls on the state.

-

, e the

o S .

YARKEPL,

e

(°E
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