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nrilotirrnix "l flfindrfirai 6 riluitrfi-jr
qironr:rjrai6tl :;qnofldn-l:rlrfl fi ntifi rl:vnou

ri' : uoln ro,i tu tuutr te t n uo; o {1unr rr,tlqa orfr

n {uh rn qotol tr6'e tonllta? ttd!1ontt{l ri]uoiu

::rhnrrrtfl uurtorfi ?ndrfr .ra66ulufi nrlut6srrio't

otirtrur rniun"limqturnr naranf (thermodynamics)

ua;vr quff o nrilkinetic theory) Io uutl nrruitr'ld'il

nrrdiliua;'9rrttludxrtartfi ouossiotfi oln-urrn,

rir trl or : ;a.r rird zr ri'u 6 o fi n s r arrtl"6Yl r { fl l un 1

roladr:(n"lt8lnrlliouttavtfr ':nn)

nr:dnlr:rlldl .-;nolrirloqnrniiruru

rnrorn rhllilkiir-rnrrrualhotjrlnirltlrl lnu

,i'ooglun{rtolitrfl ?ndttruu"[Nri (modem physics)

fiuonurfio1 o r nfl ?n du a"llru4s thigh -energy

physic s ) rirv:-r-rilfrn elvl n-rl ru4orr'ro rfin u t td a r

nlud'un:ffiarff rfr odu::t'jrlorlnrntla grl orfi

firn6oou frro31u ru'rou riooqnrn :;taro
(strange panicles) tfl uli'l luturfi nr:fi nlrt6ar

n-rtolu6.r to.r ttar u6'a un: n { ulrL to q a"lu:vlr-r

drtnfi drrilu:ruufi :rnou{ulrlrnolnrntilu
il'ru'r ur r nluul'l o rjr rriufi usr n qi r l o o n'l rrsi nrrl
rirloilffiortjoulrJnirniutaa eirmiln{lutln,odu

:rr or-r ri'urfllnrjr d'o londdl:lvu t:ldlx150lil

n aRr nsrinrouer- }JrJ:tqnoild' nrirr6o uqia;

oqnr n (o v n o ruio'ir: rn q o Itl-l n'r fr I q 6 n::rLfi

aoond'o tn"unqtnu'lint tntousl"tJ tta;t: rnr-tu jt
n:vulunr:vtrr tnfi tiodrimarfr ld'ci.r ru n n:vvrlsio

:ruufi rtn6ua"luosnou ttsi ::nr:lq 6nnolrt:l6lqo

:v?i r': r afi tfi qdulun {u orlnr n tri rir riufi rir rio tr

u.,noudlu,rnurfi'o'ld'o-.rututi'un:i?8rduln'ro{1u

n { u o qn r n rri ;i r rfu rn 6 o rfi o l,iu q : fr 3 u I n r rb^J fi r
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nvdrur:oriu dufl 
.l:nl:tndoufr tolrtsinvorlntn"ki'

1nn-r otirrl:6orr:rlurxrJfl lGrriirtilu}llsiorndltl
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rv q H rrr o rt' tuluotln t nd llu ror o{1u::o"tl t o''

orlnr a oio q nr-rr Rrirru6 rufl: [for]drnlolrirurtufifi

nlir l nrrr o'rur nur uIut 9l'lYufinrtl uInneiIrlu

ciruri'uqr:fi3ur:;?ir': n{loqnrn rrriirgrl rrll rfr I

nfifl nrani{or o-uer: fi3 u r::mi rl oqnrn {rd'rf,ld

'fi-rdou usid'rfl arr qtolneilorlntnfi drulurlllrflld

6.:drbinrrrury-udourfi oduotir'rr6nrdurliltff 0{lil
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flfi t u"rfr r-z lnrnr - r"urrnr zslr

qAn:: r o.l oUnr n 16 ur 1 1u:vuuuiorirnrrrf
o"rnrirrl rirur oqlG nrr-oil o.uj:r n4 n r:aifi nr ohj6 r

o"rnrirr n"'rotjr.:roiilq r fi 01n eio n r:uitlnlu
:ranyt6uor8ioo ::ef(microscopic detail) niu turid

n r trl oi'ri oultrr,r o tirro;n tu urju (condense)rflu

r o r rr ar o tir.:m"lfr m"u1od.: fi q ru a:L r"6 trn n sir.:!l o r n

rufi'alq 0durfr.r ni o uriuoin { rh ra q a! 1isfiai
qtual:rTfi rauo"rrirl cin r: rfrllny r.:dr n l,vr?o nr:
du r,iu f 6 a r n ri o n r : uirloluui o a vr :: ari r c rfi u.i r

qi,
qlr r1l ol n6iu oln I nii ru:ul rnfr oqji run-uriJu:;lu

uh fild'firltyurralrrsnrr r flr ncJ o{iirxJluo un.t rl

tvi tuvu r n uqi u-.r: : rr 6 r : r u o ;r5 u ot a.lvr q A n m un o,

oqn r n uoi n : o qn r n ai'r t o tir l1:6 q u difi u"n fil fi n Gi

-.-t -^ V ^1 ,
duri0uNtr n:tuutJt lqnn::!00t:dslouololTncl
oqnrnh::uu ueind'rriJurqfin:: lo I ro6ur o.r

oqn r 01nm i5flli(m icroscopic pafticlc) rros6minn

I orr"ufifioiorlSr r urj ryr5rflli(macroscopic
quantities) orfi nrttuF)"u Suror: rravqrulq:t-

ti'rr;:triror:nl rfl uci'u lorun"r}l:.13:lrtuulnyr::flri

fl n': r ru a"r u"u rid'l rJ3 ru r tu 1nr::oril microscopic
quantities)lduo qt"ro tjr,: rciu luuri'aqoln6 vruir
E = (3/2)kBT rfio t riJuu o-.:,r rln ndra6 ur o,1
Sahroqnl ilroroom::flf ) kn rilxrri ln Io"tluorirylhi
drl I 6 o o onrnfi d'ru rg : trir o,r:vll lrJi:.r I tullr I -

r:fld) rflud'

l fi o ,: o r n n r : d n s r : c u u fi ::nouI Fir I
ounrniirulu firqrnriu arur:orirnr:6nsrld'aolui
6o uionvr:-:ari un: uiruvrn::sd 6.:ulualor:1f
nrrr ur0roirirer"rneir':bi,i'nroro",rd :sr1rlor1::flri
(microscopic system) mlt u6.::;utlfii1ur qro.:

o:oor:r,t3orf; nnir1ncirr6nriovdritlro ::uru
ro A uiot6nnir;(Reif, 1e8s) orfi ovotor16url
uiolu ro qnr6o : 1 riiuri'u ri:u:suufi ii'6r j rrfl u

::rnnturm::flri(macroscopic system) (fi30drnn

rurolnr!) yrJr u 6.rsu udflruroluqjouarrur:n
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o{ rfi uki'sir aerr r ri r Solq u or f ii n d'oi1 nm:: fl 1i

tfi ol{uc.:l:tr: or(n eirr6nflud.rrilu:;llfi Io n.jr

r nm; o"lrfu:vlIlrjlm:5fi f6i r-u n ou ril s osst o!
n3oh ra 11a riluiirururur flr n (lu::n-ur.rur er ro,,
lrurnqarioqnrrarir"ruduLor:; !nFrdourrJfrl"GrSo

rfiorqiorn"u:;rrutrnneri nr ru"nhjkilo qior q 6 n::ru

r.,oiolntnldvt::fldm' :"noudurtlu:ru rJfi ryt::ffti
u si n ii'u hio': r u a u 1 o qi o r.l3 r r ru r m r m : : fl ril.Ji o

r:rfitqoi r ::flri (macroscopic parameter)

n"rfi}i'nriIrrurriNsiu nr:rfi rno{u ryr::fldto.::ruI
n:riJuol"'rriruuoqno-nu sro,r:cuulour?rJ sr"-todr.r

rsiu iurn: n'lt!o"u I rtuueiurirr6n riluli'u
ri'r r n r : r fr r q o i ln lr tr fl ril o.l r- y1l l] o o r6 t r
tisolated sysrem )'hjr fiuuu n.:et r rrnt r:rntirljr
:vlrotilunrr varu q n usi6'r:vluln o tdr rhioqjlu
flr?vdtuod rr:rfirnoiryryr::ndror:cu o:irir
r fi uuu n{qr rr ntnfou n-u :-r-r9r-r rrir{rir n.:ii
. . u.j q {, A

f,o0n dd tflu[3 0u ttJ du9ld hjt d nfl: il,tu I

5suur ryr::flri(rdu to,rrr{r ro.rrna: ud;

rufi'a)ki'il nr:dn v r o tir fr uul u ru ulu ui ru r.n vr:: fllirr 1
d , ; /, :,

sft uerset :::sfr r s nqrnor+ici r.: 1 fr i{t::u rrrJ: rnn

nr:nfu urn::s#ld'rioh.irfi oirqrurnneraqf h
,Av),u1rni.ifid.ttJd:flat::ufr rs m qufr n r:rir: I o{t o.:

osoor'ld'ir nr:u or:"u o dr oi.m",r lul c rd ur n-u n r:
i rn :rvri :r n g n r:oirunrm::eriri'r a uIr1r rfr ,r

1an:: nrifilci'Grudu louora-ao: ru6ofi ir:vllu
ru 14 r vr r: fl dliu u fo3l u ii'r :rnoId'rsosno ;o
hrnqalor.rnrntan::f,ti)drut1.lu rflro ii.r}l n i r

uvurion;t nr:torirr n aqr do{nr ouer-rJd.r 6orirrfio
{ulussr:::ufi 20( :;rlrfl n.fl. re26) ki'rirurci
lfn r:r::tran qdn::!1on olnt no dr::arifinr t:t
arq:ni€l,rdu uiornur rfl om r.: dry:1nr:i tn:r yri

r::rrxln11:5flliuuirtuXrut a.rllun rn rdr l an r-:nri
odro3ro",r ruurnd'un r: i 6 n r: arialy rilu n r: u ri'

rlqrrutrr"orqrarud'u(rnany-body problem) rilna
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bifi nr:n-qurii n r:finur rfirfl fin ritfr u1n"u fo qd

:,norduornoqnroiiruruu r qr a rirtri6 nr:fi

ruqr n sir': nYu ri oh.itfi q utulitrfi ar t, ulu': 1o t,d

ror rl qrro ri$r r drrfuikiqn urjr o tirr roiu'i'n n:rl
ruqnsir uovnlrn 6'r t n fi':t ol n rili tr tn eitu"udro {
n-ui6nr:uir{ritnortortlqvr o I o n tilllo tr tio cl"': d
(Trevena, 199 3)

r. tirmir::r-ofi oqjlunrlvduqd louore"unq

to'rrJ:tn gnr:oilphenomenological laws) tta;

ar:16nrr:dlrJ::lra rnrnruan15mononotjrlfi:;lu

rirlfidrrr:oafrrorr:ldrlr,"uf,:cfi irit13 1rurJ141 -

m::flri iorr:ri terofiLrrr::sdt o.t::ttu!i' nr:trir

6r ol rinrrlfr or:rr:r d'r uiG nr:o-': n cirr riolti'ti ql

imqormrnoraori n eir:lu tS.: rl:v i6 nr c o i froirrflu

irrduirurifi qolun{rL 1orriuroritrd66oaur:n
efi'r nn rn ru,rimi o ri'o u u0 d.: (statement;ludugru

t or ritur uar ry 6 gr urio t fi qo rr n :hi d'oI o I atl

:rrar16uorr8rlam::fldto'r:vuutdu o tjl.rl: fr qr t ru

n r u1ei1o uiu 6ki'.rio u1 o rio ulihjrio u neirrn'ori'rtr

iinr:to.rittqutunntcq{ arur:nair':nqrnor. i
o"rndnpirar'rururioutrrfoa rtn:al16rfr.tqtun-

lt nin (thermodynamic propertie s )fi ril aulo rfl u

o'r u r u :r r n fi hi o r o rir u r 8 l {i'tlli : r u n ? t u d-u v{"11 f,

,-rrj r l ari6 tu ri r uttr triuq uu vt a nr aotiu o n 6l n r r :l

d-ru"uf,:;v'jtlnrrl l n l luio ( heat capacity)l o l

ru ria n-u a"rL rl : v ft r f, t o r n 1 : o-o st-t tt a v t a t u n"1 rrsihi

aur:nriruronrr:r1nrrufoutoIrrri'alq 1 lri
z. riru:"1:vurfioqjlunrltd qa dl 150di1':

nqrnnrdui otioouon rdoYr o{uudug ru,B :1on::ari

tol:;rr neitl6oorRucruuhtoloqnrn1d ::flddl

o{nrold'nqrnrudtoinnaraqi(ttHut6utto:n':orotu;
t -- -ai'nl:rrir{rJrrinttr;91 lultun0 tfi [ng )'tt ]]'{dndtfl tfloFl

iel\ei'j r rijrit'nr:fiil:ul:v?uGnrr ttasdr u."'ud 4r'
i

lunq|J fi0rn rylfi50nlltf,rrut9lll1 11fllul5B l

!i'oi'r u i 6 t o'r q rur u a fl r d q {m''t 1.1 tl el dl u I : 01{: i n 1 :

lo':$lfin drfrr ai 6kivru'tuu o riun-u ii':trlniIriufi
n r r :L ci:l r4'u f 6 n rfl u rir u r u r r n fi hi o r o air': du l rl d'

ri'r uiitolq rurunerani usi dr r:nvtftilouotn-u

n tlrJ?rfl i!an::flul,0 i::uu
s. urn:vrufi1doqj1un11vd:Jqn t:rdoltruEq

i - ;x
nutq,fit fiuflltl] l iunlu lnttltfll:mllq[uH-
fl n a t rtsr f io n r : n-ufl q v r cl"'l n ri r : I :ri r}J {i i n r :fi

rA- e4'rl6unir qtunu nat anffi n"ln f,uhi"tri( irrer crsible
- _- 'i

l hermod) nrmic\ ) tt610l lnt'xltnllt'urf,0911l{0

r::uru:ruro-{neir1 fi t:rirhJ{nnnraotfrffla66to.l

n:srru nr:fi t^t"un ri't-tkjld'(statistical mechanics of

irreversible process; odr':l:66 qiuflnsil;liilil
(generality)tSonrrlriluatnnrrav :vftut^nluto':

v,av . -lnnr:fl {qxlj0nrn910qtJ.ln

4. urnAnul6{tr0dvt6fl 9r{o.ro-un:ffi drfr tfr n
1."-
1lD-314 ll lnd uf{nlnY l lnl0 t::UU uclE r'l lU )fu

rlSrrtu:l rm::qffi fi riutirri'tyoonrLr iid6unit nqufr

,r nrf loovii'nn r: iid,r rr l: nrir}.hJ:sqn nld'ld'n-rr

r1nn:dhjit:;rrr:o{lunrr;arqatiohi i.to"e'jr

rilui6fivr:i ::? Snrr6niiridr otir'r1:6orrru 6r

rurio, rilui ifi fi rl : ;fi nin rInfoIntl tn r,6 n 6 l

:rrdv16ooto'::rutrrriuri'u trsiii n r:lun I I rJfl rlG utu

rioud rro rn u,i:rrrnilthrirhJ {n I ru d'ti 1{'u dfilil

n:viirict"o

n eir rlu rfi.: rl:; i6 Rr a o f irroflnflaqraqi
6orirrfr oriouff lr"ruffi tta;t{rlot::rrrdto.t o;stou

rdu6n rirunrru6erfii r n :uriourfluu,i'l r lr.,g vdl

d.r r au olq u iulio {q ( Count Rumfordiufl n.fl. t zga

rua vld':-r n r:arir aluotir{ [fiicJ"utt nu"nfl frntitrr

ruo: "u60r !oof(R.J. Mayer)1ufl n.fl. reaz odril:

fi orrrnrrr 6ofrir nrrruioutiJun a-l lr u;rl u ft'r16't--u

nr:u o:.r:"tror ntlnt:imtrgl a qr io tir.: ni l1".: n a"l o t n

nrr-noaolotirl:utt"n:li.:tol1n (Joule)luri':l n e.

I 843 - 1 849 lutiruro.tnr:i tn:tsrirfr fl rn"! rnSo l
,0"'n: n n nrrlliould:-u nr:tduoqio arlt:tttnuor'u urn
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lo0iern:rrr r.J11 reaurrLnrilurilS. camotjuiln.a.
rsza n qufr qnrtn n ar an floi:"r nr::ru:.tu uds.r1.t

:r n gt uo tir.rfunr uo y rflu:;u u r6 o u du1: nil o o

ln drqq d(Clausius ) un:rnoiu(Lord Kelvin) :r:il
n.n.raso eiour16i'i1ni5 "aurrli rAIo-i 51n01u

rmnrrurlirrnr:rorfird1l.w. Gibbs) d,r6riud
lu:;nir,rtl n.fl. r8?6 r 8z8

lu rir uw"fl ur n r:r o.: iryr fl Rn atrfr .r ad Friu
ruur fierfi o vrirrllun rn 16.:1nn::nri'hJrJ:; qn oil{u ri
t}y u r rfi.: lnr m:: arildS Gl r r sr",r uqinir r ii'r to,:
flnr::ufr rs o tir{'l:6 nrrl nrru 6 qdlgrufi ri rrrio.:
ki'nnrrr:rngruliriounrirriuud'r Iel0 fi n: r
rn's r rdo.rnioi n rrr au vr-ufo tir,:ln d'fie n-um qrflo nrf

t or ufl a q ou n 6 or o iiu ri'uof.r uqi r rufr'rrir rityr or

urfun6 (Daniet Bernuotti )fi rJ:rnqo qjluvu-.rfi o
. J -- a .o

Hl drodl namica i l6rIruvir rut un:'lufl n.fl. r738

ri:rn r rtLrrortlt ttri rn: rl uithl::t"r rsr ril osn oru

ro.:aar: ur iXo6 fr qi r nrrrt er"ur o.r uri'duturfr oor n

o q n r n r o r u rl'aul n"r r.r u-.: n rtu vfr 1"i'u ::1 l-l u o ; rt r

6:.1:;aunrrtrhriolunr:0uu1unfl 10.:uoud(Boyle,s

law ) mo-rttnriunhurn r:n:rtirfi orn-u:;r-ru

rJrjrmi5fl dlqB01fl'uulr6or8.r1nr::nriki'w,in,iu:I

t dol:t! o u n:rl't'.1'l-pt toto fau ( Waterson ), rnnrfiqa

runs u ndrx n.i'(Maxwell) kiirIn"utdltoe{nnr
rfia:n"ld'n:rGrtolluraqa nr rfi or otroio'u
(Aberdeen) lufl n.n. ts59 na.ruo"nnajttfi dordolurn

f,o''n ri'lluurr n i:uo n uol urr urndrr a d(Maxwell
distriburion) ntlr:nl{rirutunt:rron unio"n:r 6r
h ro q a t or uri'a1un r r: a:L q nld'o d r.r urju tir

r ii',: r r n u"uhi ur ufu a oi.uu"uri( nottzmann ) ld'
tarurioo"ou :(modified)mqudro{u ndrra ii' Iea
ueo,rhirff u'jrusi o;::o"lriunrr:Lraildegree of
frecdom )r o,r uri'do ; a:lrio n"u lr o",r.r.t u rq d tr E un,

n"i{ru ro6uufin;:yFr-:Jl"u n'Jr u rnier-r n eirrfirirrvirn-u

r:lo v a"n n r:drir}J {r q u fr n r:url,: rrit n-ur o.r r.r n-r,r r u
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(the equipartition of energy) ij.:lrln.jrril
haaivu"uriu"rrilu{fi drui rrfi rirri'ry0 rrioi u ril ft nti
r8in66 n eirr 6 o rclr rilu fiefr l rr nr:fi rldoi n.n:J

d"rL u-u d: v r i t l lr r : r fi rn o iu n r y : : qf n" rt t : r fr r sr o f
lnm::fld dun)50"{nor':60 S - kutnW rfio S 6o

rouln:iJlrfilrur:nr1rrfld) iilu k" un: w 6orir

n r sr-rt o rlu o qiryl"uri rra : iir1] : ud n I u 11 n n ::fi rf ot ltJ

riro"r drnr:o"r nrinfido rdul Ioriirri'r!r r n ruki':-r
nt:orinliuuuduflrrv ru qlautorlu o afryl"urilu

nq:r:'luurfrr6or nnr ruql o r ur ndr: a du,r v

1ll o s'"rrJ-udfi n.i n r rtoir r r : r n gr ui t rfl fi n drfr r ed F

liodr.:ri'unurogld'iunr:nv.:fi oira6 fr uruurdr (classical

st tti s t ic s ) r?o a fr ot'uu I rrru n qi'rr n ri'-]l n ciry t"u rf
(Maxwell -Boltzmann sratisrics) o tjril: fi or u"l fi
6nvirunfi .:fi fi nrXrJ nrr-qioirrfl fi n drfr.rads-6o fi il.i
nrriJury'fi rauon':rla-rw-uf, :yu- jr.:rouln:fl n-rnl:l
ritosrflu o-.:utu o.r l n einti'j r nv.:h a oi,r:r-uriua s fru d
n0 frut{u]fltltdfl dtfl.l d09l

lufln.a. rsrs ururooirrad(van der Walis)

lci'rau o ar n r:dr fi fi o rdalrr n 6 o nr nr :d0.ruy
(equation of state) m n t r- o"l n rir r dt ru r: nldl:: ar tr

::rrolnr nmioL ra q n ntrr'lrLraqofrturquayfi

o-uqr:ffirr:yu'irn"u n eil6 n u"o r.rdl er n r rfi'al r.r, n

ut:u ru n-dfifi0!il)illur::ru u rFr real gor., )u't r0l
dr!r u mr! nu tt us rdiqn:sfi j t: ltu rd fl dr o lurineio:.1

fi rirurn{urdonrtnrulr uta,:ud'arfi r{u nqufi rr
to'ru'luro ofrr ndrirur uirnruloi'q ruvnf, lqr r fi sir

-.tnttq fin tnqn Tc ntfifit Hnlrnirnnlt:.:noq"u

rirhiorrlvrr uriu:rrndlr:rir}J {nr:qter-.r (tand

slide)rto.r:ru oun1n nrtld'nrryrn:nisl"lncitrnrit
irrnqarSoororortyotjlnii'Serour6ouii'ur"ari'u r:r
Gonqri6nr:nidir "nr:nuu uriluro.r r ar,,ndlr
'loi-ir rr ur o r ur u ro o ir r n dhirfi u,r uqiirio: rr n:s iir.r
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