
2. Thermodynamics, 4
lecture 11, September 22, 2017



housekeeping
exam 1 is in about 1.0 weeks 

Friday, 29 September 

Relativity and Thermodynamics…through Monday’s content 

Some changes: 

Made some changes to ch 19 problems 

I’ll tell you tomorrow AM if there are any more for ch 20 

Shameless plug: 

ISP220 

Honors option 

we’re good. 

Gripes
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PARTICULAR FOCUS !

i) isothermal processes AT -0 ⇒ an=O

AQ=aw

2) adiabatih processes AQ=O
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Ideal Gas
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2nd LAW OF THERMODYNAMICS
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REVERSIBILITY 's
.

IRREVERSIBILITY

T t
'  ' leave  no  change

on the  environment

' ' feature of  any process

→  always unsatisfying
that generates

heat

until a  new  concept .  .
.

stay tuned

1st law of thermodynamics doesn't include this "

running down
"

aspect

If you're cold in February →  cuddle  up to  a  snowdrift

.  . . consistent  with 1st Law

.  .
.  not  a way

to get  warm

THERMODYNAMICS ESTABLISHES A  DIRECTION FOR TIME



Heat Engines

any
device that  converts thermal

energy
→ mechanical energy

An the same

1
. heat  Is absorbed from  a  source  at high T

2.  work is done

3.  waste heat  is  expelled to  a  sink at lower T

"

Engine

"

⇒ over  and over
.  .

a  cycle



heat  reservoir

It
An  abstract  engine

engine

Te

cold reservoir



It is impossible to construct a heat engine that, 
operating in a cycle, produces no other effect 
than the absorption of thermal energy from a 

reservoir and the performance of an equal 
amount of work. 




“Kelvin-Planck Statement”

heat  reservoir
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/
p

ff

PERFECT ENGINE

* -

An =  AQ - AW
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It is impossible to construct a refrigerator, in a 
cycle, to produce no other effect than to 

transfer thermal energy from a cold object to a 
hot object.

heat  reservoir

It

| fkff 0,4

PERFECT REFRIGERATOR

enaine
ppp Qc
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cold reservoir

2¥ LAW OF
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Claus  ius statement
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REALISTIC  ENGINE

heat  reservoir
Cyclical →  i→f - i Ti=Tf

TH Ui=Uf

AUne+=O

QHPArB
aQ=du+aw
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THERMAL EFFICIENCY

T
C

c- =

what
you get

cold reservoir -

what you paid

E =
W-
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QH - Qc
=

1 - 0¥

QH QT+ Qc

( actually Qc< 0 . .

typical : E ( auto )~  W -30%

c. =

QHtQc=QH
- IQD

c- ( diesel )~  30 - 40%
# ¥ )

2nd STATEMENT

⇒ E  cannot be 1,0



heat  reservoir

TH
REALISTIC  REFRIGERATOR

/
a heat  engine  in  reverse . -

atB9"-←w| µ Qc absorbed by engineenaineftp.Qc
W work done on  engine

IQUI energy rejected by system

Te

cold reservoir
|Qu| = Qctw

KI 01W
= Q= =

Coefficient of

Q # + Qc performance

2hL STATEMENT

⇒ K cannot be a



2mL = znd
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'

hot  reservoirs
-

on

its own



There  Is a best  engine

Nicolas Carnot  1824
"

Carnot  Cycle

"
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adiabat

I ; adiabat
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analyze  as  ideal gas example
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A →  B isothermal expansion p l
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Ws→=faBPdu=fYkfEdv=nRIln( HE ) > 0 ✓
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From
Qa0÷t

=

In build and

VBq=V¥
( needed for 1>4 )

luµB/VA)

The Carnot  Efficiency Is :

Ec=
1

-

Qaeynt
= I -

It
= I -

EE
← depends

only on temperatures

. - a  series  of  reversible changes toward
v

backward



example :  a  steam  engine  intakes  steam @ 108C

an  exhausts at 0°C - what  Is the theoretical

maximum  efficiency of
such an  engine

?

C- = 1-
Tgz

= I -

25,3-3 's = 26.8%

the only waysto  improve !

intake temperature

hotterand / or

exam A temperature

lower
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proof
"

that the Carnot  engine  is
.

.  .

the
theoretically most  efficient  engine
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.(
an ifihitesimal series

→ limit :  a  single  cannot  engine

of Carnot  engines



Absolute temperature

I I
E  = I - 01
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Kelvin  scale pins down
T Q
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1 particular temperature
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| To ( water ) = 0.01°C = - 273.16k

only heat
, nothing
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temperature only related
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AND there  is  ah absolute minimum
of heft G 0 )

⇐

so there  is an  absolute  minimum  of temperature ( k  =D



Real engines
OHO Cycle - internal combshm engine

(
adiahats

O→A  air  in @ 1 atm

P
-

QinB%§•¥↳ go .

A B adiabatic  compression

- 0 >- Be heat  in →  sparkplug fires

A

CD adiabatic  expansion - work done

✓ G turns  crankshaft

DA  cooling

A- 0
exhaust

€0Ho=
1

-

(¥↳y -1
~ 56% theoretically



Stirling Engine  →  near Carnot
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Diesel Engine

Qin ( fuel oil ignites  spontaneously )
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Entropy

T " ##

] useful .

.

 could get
W

out between them

to 4th

Bring them together .  .
.

 adiabatic  ally .

 -
eqvilibiriatethem
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Total
energy

?
same -

no work due

BUT !  LESS USEFUL
.  

. .

LOWER
"

QUALITY

"

ENERGY
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For Carnot  we found :
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for  whole  cycle

c Cycle

or infinitesimally .
 . .

AS = $ ¥  = 0 arbitrary reversible
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Closed cycle
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Entropy
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JTK Clavsius
,

1865



p i
• some arbitrary path for ideal

gas TiVo - Tflf

• f

1st Law : DQ  = du + dw
dw=PdV

du  
=

 had T

V p= nrpt

so dQ=  ncudttnrtdf

dQg=ncvd¥ +  

urdva

sIId¥=nafItd÷+nrt?dE

as =  ncvh ( Ttl ;) +  nRln(V% ;)

NOTHING ABOUT THE PATH
. - . only i and f  stales

⇒ s is  a State Function line P
,

V



Since s is  a state function .  .
.

Consider any finite process
1 -2 ( not  cycle )

s doesn't depend on path :

as = Srs
,

= flds = 5.2 dot


