
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 . · 
Isobaric 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 that if A = B and B = C , then A = 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 lL 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 - W Q = 
delta-U + W 

The analysis of a thermodynamic process , at least within a physics 
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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 0 while in an isochoric process the work 
(W) is equal to 0 . 

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 0 .
 Various sources show the following three potential formulations of 
the third law of thermodynamics: 
1 . It is 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) .

wot iz HUmKdInamiks?: 

HUmKdInamiks iz TQ fRld ov fizix Tat dRlz wiH TQ 
rilZSinSip bitwEn hEt and QTQ propGtEz (sQC az preSQ , 
densGtE , tempriCQ , ekseCrQ . ) in Z sQbstins . sbisifiklE , 
HUmKdInamiks fKkisiz lAjlE on hX Z hEt CranzfU iz rGlZtid 
tu verEis enQjE CZnjiz wiHin Z fizGkFl sistim QndGgKwEN Z 
HUmKdInamik prKses . sQC prKsesiz BJQlE rGzolt in wUk 
bEN dQn bI TQ sistim and A gIdid bI TQ lLz ov 
HUmKdInamiks . 

 

bZsik konsepYs ov hEt CranzfU:

HUmFl kontakt iz wen tu sQbstinsiz kan Gfekt EC QTiz 
tempriCQ.
HUmFl eqGlibrEim iz wen tu sQbstinsiz in HUmFl kontakt nK 
loNQ CranzfU hEt . HUmFl expanSin tZx plZs wen Z 
sQbstins expanYs in volBm az it gZnz hEt . HUmFl 
kGnCrakSin LlsK exisYs.
kondQkSin iz wen hEt flKz Hru Z hEtid solid . 
konvekSin iz wen hEtid pAtGkFlz CranzfU hEt tu QnQTQ 
sQbstins , sQC az kOkEN sQmHiN in bMlEN wLtQ . 
rZdEZSin iz wen hEt iz CransfUd Hru GlekCrKmagnetik 
wZvz , sQC az from TQ sQn .
insGlZSin iz wen Z lK kGndQktEN mGterEFl iz Bzd tu 
privent hEt CranzfU. 
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HUmKdInamik prKsesiz:
 Z sistim QnGgKz Z HUmKdInamik prKses wen TW iz sQm 
sLt ov enGjetik CZnj wiHin TQ sistim , jenrOlE GsKSEZtid 
wiH CZnjiz in preSQ , volBm , intUnFl enQjE (I . e . 
tempriCQ) , L enE sLt ov hEt CranzfU . 
TW A sevrFl spesifik tIps ov HUmKdInamik prKsesiz Tat 
hav speSFl propGtEz:  adEQbatik prKses - Z prKses wiH nK 
hEt CranzfU intu L Xt ov TQ sistim . IsGkronik prKses -  Z 
prKses wiH nK CZnj in volBm , in wiC kZs TQ sistim dQz nK 
wUk . 
IsGbarik prKses - Z prKses wiH nK CZnj in preSQ . 
IsKHUmFl prKses - Z prKses wiH nK CZnj in tempriCQ . 

zerKliH lL ov HumKdInamiks

tu sistimz in HUmFl eqGlibrEim wiH Z HUd sistim A in HUmFl 
eqGlibrEim tu EC QTQ . Tis zerKliH lL iz sLt ov Z CranzGtiv 
propGtE ov HUmFl eqGlibrEim . TQ CranzGtiv propGtE ov 
maHmatix sZz Tat if Z = bE and bE = sE , Ten Z = sE . TQ 
sZm iz Cru ov HUmKdInamik sistimz Tat A in HUmFl 
eqGlibrEim . wQn konsGqins ov TQ zerKliH lL iz TQ IdW Tat 
meJGrEN tempriCQ haz enE mEnEN wotsKevQr . in LdQ tu 
meJQ Z tempriCQ , HUmFl eqGlibrEim mQC bE rECt bitwEn 
TQ HUmomitQ az Z howl , TQ mUkyGrE insId TQ HUmomitQ , 
and TQ sQbstins bEN meJid . Tis , in tUn , rGzolYs in bEN 
ZbOl tu akBritlE tal wot TQ tempriCQ ov TQ sQbstins iz . 
Tis lL woz QndQstOd wiHXt bEN explisitlE stZtid Hru mQC 
ov TQ hisjrE ov HUmKdInamiks stQdE , and it woz KnlE relIzd 
Tat it woz Z lL in iYs Kn rIt at TQ bGginEN ov TQ 20H 
senCrE . it woz britiS fizGsist ralfZC fXwlQ hu fUst kMnd 
TQ tUm "zerKliH lL " bZst on Z bGlEf Tat it woz mL 
fQndGmentFl Evin Tan TQ QTQ. 



fUst lL ov HUmKdInamiks TQ CZnj in Z sistimz intUnFl 
enQjE iz EqOl tu TQ difrins bitwEn hEt adid tu TQ sistim from 
iYs sGrXndENz and wUk dQn bI TQ sistim on iYs sGrXndENz. 
TK Tis mZ sXnd komplex , iYs rRlE Z verE simpFl IdW . if 
B ad hEt tu Z sistim , TW A KnlE tu HiNz Tat kan bE dQn 
CZnj TQ intUnFl enQjE ov TQ sistim L kLz TQ sistim tu du 
wUk (L , ov kLs , sQm kombinZSin ov TQ tu) . Ll ov TQ hEt 
enQjE mQst gK intu duEN TEz HiNz . maHmatGkFl 
reprEzentZSin ov TQ fUst lL fizGsisYs tipiklE Bz BnGfLm 
konvenCinz fL reprGzentEN TQ qontGtEz in TQ fUst lL ov 
HUmKdInamiks. TZ A

yu wQn L B I = iniSFl intUnFl enQjE at TQ stAt ov TQ 
prKses
B tu L B ef= fInFl intUnFl enQjE at TQ end ov TQ prKses 
deltQ B = B tu mInis B wQn = CZnj in intUnFl enQjE 
(Bzd in kZsiz wW TQ spGsifiks ov bGginEN and endEN intUnFl 
enQjEz A iralGvint)
kB = hEt CranzfUd intu  (kB grZTQ Tan zerK) L Xt ov 
(dQbFlyu les Tan zerK) TQ sistim·
dQbFlB = wUk pGfLmd bI TQ sistim (dQbFlB > zerK) L on 
TQ sistim (dQbFlB les Tan zerK) .

 Tis yRlYs Z maHmatGkFl reprEzentZSin ov TQ fUst lL 
wiC pruvz verE BsfOl and kan bE rEritin in Z kQpFl ov 
BsfOl wZz: 
B tu – B wQn = daltQ – B = kB – dQbFl yu
kB = daltQ – B + dQbFl B 

TQ GnalGsis ov Z HUmKdInamik prKses , at lEst wiHin Z fizix 
klAsrum siCuZSin , jenrOlE involvz anGlIzEN Z siCuZSin 
wW wQn ov TEz qontGtEz iz ITQ 0 L at lEst konCrowlGbFl 
in Z rEznGbFl manQ . fL exAmpFl , in an adEQbatik prKses , 
TQ hEt CranzfU (kB) iz EqOl tu zerK wIil in an IsKkronik 
prKses TQ wUk (dQbFlB) iz EqOl tu zerK . 



TQ fUst lL and konsUvZSin ov enQjE 

TQ fUst lL ov HUmKdInamiks iz sEn bI menE az TQ 
fXndZSin ov TQ konsept ov konsUvZSin ov enQjE . it 
bZsiklE sez Tat TQ enQjE Tat gKz intu Z sistim kanot bE lost 
GloN TQ wZ , bQt haz tu bE Bzd tu du sQmHEN . . . in Tis 
kZs , ITQ CZnj intUnFl enQjE L pGfLm wUk . tZkin in Tis 
vB , TQ fUst lL ov HUmKdInamiks iz wQn ov TQ mKst fA 
rECEN sIintifik konsepYs evQ diskQvid.

sekind lL ov HUmKdInamiks: 

it iz imposGbFl fL Z prKses tu hav az iYs sowl rGzolt TQ 
CranzfU ov hEt from Z kOwlQ bodE tu Z hotQ wQn .TQ 
sekind lL ov HUmKdInamiks iz fLmBlZtid in menE wZz , az 
wil bE Gjrest SLtlE , bQt iz bZsiklE Z lL wiC QnlIk mKst 
QTQ lLz in fizix dRlz not wiH hX tu du sQmHiN , bQt rATQ 
dRlz intIQlE wiH plZsEN Z rGsjrikSIn on wot kan bE dQn . it 
iz Z lL Tat sZz nZCQ konsjrZnz Qs from getEN sUtin kInYs 
ov XtkQmz wiHXt pOtEN Z lot ov wUk intu it , and az sQC 
iz LlsK klKslE tId tu TQ konsept ov TQ konsUvZSin ov enQjE 
, mQC az TQ fUst lL ov HumKdInamiks iz.

in praktGkFl aplGkZSinz , Tis lL mEnz Tat enE hEt enjin L 
simlQ dGvIs bZst Gpon TQ prinsGpFlz ov HUmKdInamiks 
kanot , Evin in HerE , bE 100% GfiSint

 Tis prinsGpFl woz fUst ilumGnZtid bI TQ frenC fizGsist 
and enjGnW sadE kAnKt , az hE dGvalipt hiz kAnK sIkOl enjin 
in 1824 , and woz lZtQ fLmGlIzd az Z lL ov HUmKdInamiks 
bI jUmin fizGsist rudolf klLsis .

enCrGpE and TQ sekind lL ov HUmKdInamiks 



TQ sekind lL ov HUmKdInamiks iz pUhaps TQ mKst popBlQ 
XtsId ov TQ rXm ov fizix , bEkOz it iz klKslE rGlZtid tu TQ 
konsept ov enCrGpE , L TQ disLdQ krEZtid jUrEN Z 
HUmKdInamik prKses . rEfLmBlZtid az Z stZtmint rigAdEN 
enCrGpE , TQ sekind lL rEYs: in enE klKzd sistim , TQ 
enCrGpE ov TQ sistim wil ITQ rGmZn konstint L inkrEs . in 
QTQ wUYs , EC tIm Z sistim gKz Hru Z HUmKdInamik prKses 
, TQ sistim kan nevQ kGmplEtlE rGtUn tu prisIslE TQ sZm 
stZt it woz in bGfL . Tis iz wQn defGniSin Bzd fL TQ arK 
ov tIm , sins enCrGpE ov TQ BnGvUs wil LwZz inkrEs KvQ 
tIm GkLdEN tu TQ sekind lL ov HUUmKdInamiks. 

QTQ sekind lL fLmBlZSinz 

Z sIklik CranzfLmZSin KnlE fInFl rGzolt iz tu CranzfLm 
hEt exCraktid from Z sLs wiC iz at TQ sZm tempriCQ 
HruXt intu wUk iz imposGbFl . skotiS fizGsist wilyim 
tompsin (lLd kalvin) Z sIklik CranzfLmZSin huz KnlE fInFl 
rGzolt iz tu CranzfU hEt from Z bodE at Z givin tempriCQ 
tu Z bodE at Z hIQ tempriCQ iz imposGbFl . jUmin fizGsist 
rudolf klLsis Ll TQ GbQv fLmBlZSinz ov TQ sekind lL ov 
HUmKdInamiiks A GqivGlint staEtminYs ov TQ sZm 
fQndGmentFl prinsGpFl . TQ HUd lL ov HUmKdInamiks iz 
GsenCFl Z stZtmint GbXt TQ GbilGtE tu krEZt an absGlut 
tempriCQ skZil , fL wiC absGlut zerK iz TQ pMnt at wiC 
TQ intUnFl enQjE ov Z solid iz prisIslE 0 . 

verEis sLsiz SK TQ foliwEN HrE pGtenCFl fLmBlZSinz ov 
TQ HUd lL ov HumKdInamiks.

1. it iz imposGbFl tu rGjus enE sistim tu absGlut zerK in Z 
fInIt serEz ov opGraESinz .

2. . TQ enCrGpE ov Z pUfikt kristFl ov an alGmint in iYs 
mKst sdZbFl fLm tenYs tu zerK az TQ tempriCQ 
GprKCiz absGlut zerK . 

3. az tempriCQ GprKCiz absGlut zerK , TQ enCrGpE ov Z 



sistim GprKCiz Z konstint

 wot TQ HUd lL mEnz 

TQ HUd lL mEnz Z fB HiNz , and QgRn Ll ov TEz 
fLmBlZSinz rGzolt in TQ sZm XtkQm dGpendEN Gpon 
hX mQC B tZk intu GkXnt: 

fLmBlZSin 3 kGntZnz TQ lEst rGsjrZnYs, meilE 
stZtEN Tat enCrGpE gKz tu Z konstint . in fakt , Tis 
konstint iz zerK enCrGpE (az stZtid in fLmBlZSin 2) . 
hXevQ , ju tu qontim konsjrZnYs on enE fizGkFl 
sistim , it wil kGlaps intu iYs lKwist qontim stZt bQt 
nevQ bE ZbOl tu pUfiktlE rGjus tu 0 enCrGpE , TWfL it 
iz imposGbFl tu rGjus Z fizGkFl sistim tu absGlut zerK 
in Z fInIt nQmbQ ov steps (wiC yRlYs Qs fLmBlZSin 
1) . 


