Thermodynamics

What is Thermodynamics?: Thermodynamics is the field of physics that
deals with the relationship between heat and other properties (such as
pressure , density , temperature , etc . ) in a substance . Specifically ,
thermodynamics focuses largely on how a heat transfer is related to
various energy changes within a physical system undergoing a
thermodynamic process . Such processes usually result in work being done
by the system and are guided by the laws of thermodynamics .

Basic Concepts of Heat Transfer:

Thermal Contact is when two substances can affect each other's
temperature .

Thermal Equilibrium is when two substances in thermal contact no
longer transfer heat .

Thermal Expansion takes place when a substance expands in
volume as it gains heat . Thermal contraction also exists .
Conduction is when heat flows through a heated solid .
Convection is when heated particles transfer heat to another
substance , such as cooking something in boiling water .
Radiation is when heat is transferred through electromagnetic
waves , such as from the sun .

Insulation is when a low-conducting material is used to prevent
heat transfer .

Thermodynamic Processes:

A system undergoes a thermodynamic process when there is some
sort of energetic change within the system , generally associated
with changes in pressure , volume , internal energy (i . e .
temperature) , or any sort of heat transfer . There are several
specific types of thermodynamic processes that have special
properties: - Adiabatic process - a process with no heat transfer into
or out of the system . - Isochoric process - a process with no
change in volume , in which case the system does no work . -
|sobaric process - a process with no change in pressure . -
|Isothermal process - a process with no change in temperature .

Zeroeth Law of Thermodynamics:
Two systems in thermal equilibrium with a third system are in
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thermal equilibrium to each other . This zeroeth law is sort of a
transitive property of thermal equilibrium . The transitive property of
mathematics says thatif A=Band B=C,thenA=C . The same is
true of thermodynamic systems that are in thermal equilibrium . One_
consequence of the zeroeth law is the idea that measuring
temperature has any meaning whatsoever . In order to measure a
temperature , thermal equilibrium much be reached between the
thermometer as a whole , the mercury inside the thermometer , and
the substance being measured . This, in turn , results in being able
to accurately tell what the temperature of the substance is . This law
was understood without being explicitly stated through much of the
history of thermodynamics study , and it was only realized that it
was a law in its own right at the beginning of the 20th century . It
was British physicist Ralph H . Fowler who first coined the term
"zeroeth law , " based on a belief that it was more fundamental even
than the other SSPS textZeroeth IL ov Thermodynamics tu systems
in

First Law of Thermodynamics The change in a system's internal
energy is equal to the difference between heat added to the system
from its surroundings and work done by the system on its
surroundings . Though this may sound complex , it's really a very
simple idea . If you add heat to a system , there are only two things
that can be done -- change the internal energy of the system or
cause the system to do work (or , of course , some combination of
the two) . All of the heat energy must go into doing these things .
Mathematical Representation of the First Law Physicists typically
use uniform conventions for representing the quantities in the first
law of thermodynamics . They are: - U1 (or Ui) = initial internal
energy at the start of the process - U2 (or Uf) = final internal energy
at the end of the process : delta-U = U2 - U1 = Change in internal
energy (used in cases where the specifics of beginning and ending
internal energies are irrelevant) - Q = heat transferred into (Q > 0)
or out of (Q < 0) the system : W = work performed by the system (W
> 0) or on the system (W < 0) . This yields a mathematical
representation of the first law which proves very useful and can be
rewritten in a couple of useful ways: U2 - U1 =delta-U=Q-WQ =
delta-U + W

The analysis of a thermodynamic process , at least within a physics


http://www.yakla.org/sitedesign/translate2.php#delta-U
http://www.yakla.org/sitedesign/translate2.php#=
http://www.yakla.org/sitedesign/translate2.php#Q
http://www.yakla.org/sitedesign/translate2.php#Q
http://www.yakla.org/sitedesign/translate2.php#=
http://www.yakla.org/sitedesign/translate2.php#delta-U
http://www.yakla.org/sitedesign/translate2.php#=
http://www.yakla.org/sitedesign/translate2.php#U1
http://www.yakla.org/sitedesign/translate2.php#U2
http://www.yakla.org/sitedesign/translate2.php#ways:
http://www.yakla.org/sitedesign/translate2.php#rewritten
http://www.yakla.org/sitedesign/translate2.php#proves
http://www.yakla.org/sitedesign/translate2.php#This
http://www.yakla.org/sitedesign/translate2.php#0)
http://www.yakla.org/sitedesign/translate2.php#%3C
http://www.yakla.org/sitedesign/translate2.php#0)
http://www.yakla.org/sitedesign/translate2.php#%3E
http://www.yakla.org/sitedesign/translate2.php#=
http://www.yakla.org/sitedesign/translate2.php#%C2%B7W
http://www.yakla.org/sitedesign/translate2.php#0)
http://www.yakla.org/sitedesign/translate2.php#%3C
http://www.yakla.org/sitedesign/translate2.php#(Q
http://www.yakla.org/sitedesign/translate2.php#0)
http://www.yakla.org/sitedesign/translate2.php#%3E
http://www.yakla.org/sitedesign/translate2.php#(Q
http://www.yakla.org/sitedesign/translate2.php#transferred
http://www.yakla.org/sitedesign/translate2.php#=
http://www.yakla.org/sitedesign/translate2.php#%C2%B7Q
http://www.yakla.org/sitedesign/translate2.php#specifics
http://www.yakla.org/sitedesign/translate2.php#=
http://www.yakla.org/sitedesign/translate2.php#U1
http://www.yakla.org/sitedesign/translate2.php#U2
http://www.yakla.org/sitedesign/translate2.php#=
http://www.yakla.org/sitedesign/translate2.php#%C2%B7delta-U
http://www.yakla.org/sitedesign/translate2.php#=
http://www.yakla.org/sitedesign/translate2.php#Uf)
http://www.yakla.org/sitedesign/translate2.php#%C2%B7U2
http://www.yakla.org/sitedesign/translate2.php#=
http://www.yakla.org/sitedesign/translate2.php#Ui)
http://www.yakla.org/sitedesign/translate2.php#%C2%B7U1
http://www.yakla.org/sitedesign/translate2.php#are:
http://www.yakla.org/sitedesign/translate2.php#thermodynamics
http://www.yakla.org/sitedesign/translate2.php#LawPhysicists
http://www.yakla.org/sitedesign/translate2.php#Mathematical
http://www.yakla.org/sitedesign/translate2.php#Though
http://www.yakla.org/sitedesign/translate2.php#surroundings
http://www.yakla.org/sitedesign/translate2.php#surroundings
http://www.yakla.org/sitedesign/translate2.php#system
http://www.yakla.org/sitedesign/translate2.php#ThermodynamicsThe
http://www.yakla.org/sitedesign/translate2.php#%22zeroeth
http://www.yakla.org/sitedesign/translate2.php#coined
http://www.yakla.org/sitedesign/translate2.php#Fowler
http://www.yakla.org/sitedesign/translate2.php#H
http://www.yakla.org/sitedesign/translate2.php#Ralph
http://www.yakla.org/sitedesign/translate2.php#physicist
http://www.yakla.org/sitedesign/translate2.php#20th
http://www.yakla.org/sitedesign/translate2.php#realized
http://www.yakla.org/sitedesign/translate2.php#thermodynamics
http://www.yakla.org/sitedesign/translate2.php#This
http://www.yakla.org/sitedesign/translate2.php#whatsoever
http://www.yakla.org/sitedesign/translate2.php#zeroeth
http://www.yakla.org/sitedesign/translate2.php#One
http://www.yakla.org/sitedesign/translate2.php#systems
http://www.yakla.org/sitedesign/translate2.php#C
http://www.yakla.org/sitedesign/translate2.php#=
http://www.yakla.org/sitedesign/translate2.php#C
http://www.yakla.org/sitedesign/translate2.php#=
http://www.yakla.org/sitedesign/translate2.php#B
http://www.yakla.org/sitedesign/translate2.php#B
http://www.yakla.org/sitedesign/translate2.php#=
http://www.yakla.org/sitedesign/translate2.php#transitive
http://www.yakla.org/sitedesign/translate2.php#transitive
http://www.yakla.org/sitedesign/translate2.php#zeroeth
http://www.yakla.org/sitedesign/translate2.php#This

classroom situation , generally involves analyzing a situation where
one of these quantities is either 0 or at least controllable in a
reasonable manner . For example , in an adiabatic process , the
heat transfer (Q) is equal to O while in an isochoric process the work
(W) is equal to O .

The First Law & Conservation of Energy

_The first law of thermodynamics is seen by many as the foundation
of the concept of conservation of energy . It basically says that the
energy that goes into a system cannot be lost along the way , but
has to be used to do something . . . in this case , either change
internal energy or perform work . Taken in this view , the first law of
thermodynamics is one of the most far-reaching scientific concepts
ever discovered .

Second Law of Thermodynamics:

It is impossible for a process to have as its sole result the transfer
of heat from a cooler body to a hotter one . The second law of
thermodynamics is formulated in many ways , as will be addressed
shortly , but is basically a law which - unlike most other laws in
physics - deals not with how to do something , but rather deals
entirely with placing a restriction on what can be done . It is a law
that says nature constrains us from getting certain kinds of
outcomes without putting a lot of work into it , and as such is also
closely tied to the concept of the conservation of energy , much as
the first law of thermodynamics is .

In practical applications , this law means that any heat engine or
similar device based upon the principles of thermodynamics
cannot , even in theory , be 100% efficient . This principle was first
illuminated by the French physicist and engineer Sadi Carnot , as
he developed his Carnot cycle engine in 1824 , and was later
formalized as a law of thermodynamics by German physicist Rudolf
Clausius .

Entropy and the Second Law of Thermodynamics

The second law of thermodynamics is perhaps the most popular
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outside of the realm of physics , because it is closely related to the
concept of entropy , or the disorder created during a
thermodynamic process . Reformulated as a statement regarding
entropy , the second law reads: In any closed system , the entropy
of the system will either remain constant or increase . In other
words , each time a system goes through a thermodynamic process
, the system can never completely return to precisely the same
state it was in before . This is one definition used for the arrow of
time , since entropy of the universe will always increase over time
according to the second law of thermodynamics .

Other Second Law Formulations

A cyclic transformation whose only final result is to transform heat
extracted from a source which is at the same temperature
throughout into work is impossible . - Scottish physicist William
Thompson (Lord Kelvin) A cyclic transformation whose only final
result is to transfer heat from a body at a given temperature to a
body at a higher temperature is impossible . - German physicist
Rudolf Clausius All the above formulations of the Second Law of
Thermodynamics are equivalent statements of the same
fundamental principle . The third law of thermodynamics is
essentially a statement about the ability to create an absolute
temperature scale , for which absolute zero is the point at which the
internal energy of a solid is precisely O .

Various sources show the following three potential formulations of
the third law of thermodynamics:

1. ltis impossible to reduce any system to absolute zero in a finite
series of operations .

2 . The entropy of a perfect crystal of an element in its most stable
form tends to zero as the temperature approaches absolute zero .
3 . As temperature approaches absolute zero , the entropy of a
system approaches a constant

What the Third Law Means

The third law means a few things , and again all of these
formulations result in the same outcome depending upon how much
you take into account: Formulation 3 contains the least restraints ,
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merely stating that entropy goes to a constant . In fact , this
constant is zero entropy (as stated in formulation 2) . However , due
to quantum constraints on any physical system , it will collapse into
its lowest quantum state but never be able to perfectly reduce to 0
entropy , therefore it is impossible to reduce a physical system to
absolute zero in a finite number of steps (which yields us
formulation 1) .
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TA tum "zerOliT La " beest on e bAlef et it woz ma
fAandAment @l evin fion A ATIA.



fust La ov TrmodInemiks A cheenj in ee sistimz intunal
enAje iz eqol te T difrins bitwen het odid te TiA sistim from
ins saireondegz end wuk dan bl fiA sistim on ios sAreondegz.
10 fis mee seond komplex , ios reile e vere simpal Idena . if
ye od het te ¢ sistim , fien A Onle te Tigz het ken be dan
cheenj A intun@l enAje ov TiA sistim a kaz hiA sistim te de
wuk (a , ov kas , sanm kombineeshin ov fia te) . al ov TiIA het
enAje mast go inte deeg Tez Tigz . meTmet Akl
reprezenteeshin ov ha fust La fizAsisos tipikle yez yenAfam
konvenchinz fa repriAzenteg hA qontAtez in A fust Lla ov
TurmodInemiks. tice A

ye WAn a ye I = inish@l intun®dl enAje ot A stAt ov tiA
proses

ve te a ye ef= fInwl intun®dl enAje ot 1A end ov TIA proses
deltA yo = yo t® mlnis ye wAan = cheenj in intundl enaje
(yezd in keesiz wea TiA spasifiks ov bAgineg end endeg intunal
enAjez A irelAvint)

kye = het chrenzfud inte (kye greetiA ien zerd) a eot ov
(dabwlye Les fion zerd) hA sistim-

dabdlye = wuk pAfamd bl ©iA sistim (dAbdlye > zerd) a on
A sistim (dAbalye Les hen zerd) .

his yeilos & meTimet Ak®l reprezent eeshin ov tiA fust Lo
wich prevz vere yesfml ond ken be reritin in e kapdl ov
yesfml wWeez:

ve te — ye wan = deltA — ye = kye — dab@l ye

kye = deltA — ye + dabal ye

TA AnelAsis ov & TlumodInemik proses , ot Lest wiTlin ee fizix
kLAsrem sicheceshin , jenrmle involvz enAllzeg ee sicheceshin
wen WAN oV tez qontAtez iz A O a et Lest konchrowlAbal
in e reznAbml moena . fa exAmpml , in en edeAbetik proses ,
TA het chrenzfu (kye) iz eqml te zerd wliil in en Isdkronik
proses fiA wuk (dabalye) iz Eqol te zers .



TA fust La end konsuveeshin ov enaAje

hA fust La ov TlumdadInemiks iz sen bl mene ez fiA
feondeeshin ov A konsept ov konsuveeshin ov enaje . it
beesikle sez et A enAje et goz inte e sistim kenot be Lost
Alog TiA wee , bat hoz te be yezd te de sAmTeg . . . in tis
kees , ITA cheenj intundl enAje a pAfam wuk . teekin in tis
vye , TiA fust La ov TrmodInemiks iz wAan ov A most fA
recheg slintifik konsepos eva diskavid.

sekind La ov TlumodInemiks:

it iz imposAb@l fa e proses te hov 0z ios sowl razolt fiA
chrenzfu ov het from ee kawlA bode te e hotA wan A
sekind La ov TrmodInemiks iz famyeleetid in mene weez , 0z
wil be Ajrest shatle , bat iz beesikle e La wich AnlIk moOst
ANA Llaz in fizix deilz not will heo te de samTlig , bAt rAtiA
deilz intIALe wiTl pleeseg ee rAsjrikshIn on wot ken be dan . it
iz ¢ la het seez neecha konsjreenz As from geteg sutin kInos
ov eotkamz wiTleot pateg e Lot ov wuk inte it , end ez sAch
iz alsO kLOsle tId te A konsept ov TIA konsuveeshin ov enAje
, mMAch 0z tiA fust Lo ov TlemodInemiks iz.

in prekt Akl eplAkeeshinz , fis La menz tiet ene het enjin a
simlA dAvIs beest Apon hA prinsap®lz ov TlumdodInemiks
kenot , evin in Tlere , be 100% Afishint

his prinsAp®l woz fust ilemAncetid bl hA french fizAsist
ond enjAnen sede kAnot , @z he diavelipt hiz kAnd slkal enjin
in 1824 , ond woz Leet A famaillzd ez e La ov TiurmodInemiks
bl jumin fizAsist redolf klasis .

enchr Ape end hA sekind La- ov TlrmodInemiks



TA sekind La ov TlurmodInemiks iz puheps A most popyela
eotsId ov A reom ov fizix , bek@z it iz kLosle raleetid te ha
konsept ov enchrApe , a fiA disadA kreeetid jureg e
TurmdodInemik proses . refamyeleetid 0z e steetmint rigAdeg
enchrApe , A sekind La reos: in ene klozd sistim , A

enchr Ape ov A sistim wil TTA rameen konstint a inkres . in
AA wuros |, ech tIm e sistim goz Tire e TrmodInemik proses
, TIA sistim ken nevaA kAmpletle ratun te prisIsle A seeEm
steet it woz in bafa . tis iz wan def Anishin yezd fa A erd
ov tIm, sins enchrApe ov A yeniAvus wil aweez inkres GvA
tIm Akadeg te hA sekind La ov TlrurmodInemiks.

ANA sekind La famyeleeshinz

¢ slklik chrenzfameeshin onle fIn@l rAzolt iz te chrenzfam
het exchrektid from e sas wich iz et A seeEm tempricha
Tireeot inte wuk iz imposab@l . skotish fizAsist wilyim
tompsin (lad kelvin) e sIklik chrenzfameeshin hez onle fInwml
razolt iz te chrenzfu het from e bode ot e givin tempricha
te ce bode ot e hIA tempricha iz imposAbdl . jumin fizAsist
redolf klasis al A Abav famyeleeshinz ov 1A sekind La ov
TlurmdodInemiiks A AqivAlint steetminos ov A seem
fandament @l prinsap@l . A Tiwrd La ov TrmodInemiks iz
Asench@l e steetmint Abeot A AbilAte te kreecet on ebsilet
tempricha skeeil , fa wich ebsilet zerd iz hA paent et wich
TiA intun®dl enaje ov e solid iz prisIsle O .

vereis sasiz sho A foliweg Tire pAtench@l famyeleeshinz ov
TA Tird la ov TlemodInemiks.

1.it iz imposAb@l te riAjes ene sistim te ebsiAlet zerd in e
fInIt serez ov opAreeshinz .

2.. A enchrApe ov ee pufikt krist@l ov en elAmint in ios
moOst sdeeb@l fam tenos te zerd ez A tempricha
Aprochiz ebsilet zerd .

3.0z temprichA Aprochiz ebsalet zerd , A enchrApe ov e



sistim Aprochiz ee konstint
wot fiA Tird Lo menz

TA Tlrd La menz ce fye Tigz , ond Agein al ov ez
famyeleeshinz razolt in A seem eotkAam dApendeg Apon
heo mach ye teek inte Akeont:

famyeleeshin 3 kAnteenz hA Lest riAsjreenos, meile
steeteg hot enchripe goz te e konstint . in fekt , tis
konstint iz zerd enchr Ape (0z steetid in famyeleeshin 2) .
heoevAa , je te gontim konsjreenos on ene fizAkl

sistim , it wil kAleps inte ios Lowist gqontim steet bat
nevA be ecebml te pufiktle rajes te O enchrApe , ieafa it
iz imposAb@l te rijes ce fizAk®l sistim te ebsilet zerd
in e fInIt naAmbA ov steps (wich yeilos As famyeleeshin
1) .



