
2. Thermodynamics, 3
lecture 10, September 20, 2017



housekeeping
exam 1 is in about 1.5 weeks 

Friday, 29 September 

Relativity and Thermodynamics…through Monday’s content 

Some changes: 

you saw that I deleted a problem that I didn’t think was useful in chapter 18 

we will skip sections 19.6 and 19.7 as they will be dealt with in a more grown-up way in 
Thornton and Rex later 

Shameless plug: 

ISP220 

Honors option 

someone show me what you’ve got to submit 

Gripes



"

Kinetic Theory

"

Imagine  a  volume fined with wdeules

Very old &
very

cool .  Identical
,

m

•
no  size

•
 no  

interactions

•

 numerous ⇒ ignore fluctuations
-

tn

Sounds line ?

Y
41

£

collides  elastically from

T•
I

E- -

wall

Vx

L ×
-

×

I
1 -

L
-

L
←

/
Ux

' III. .a=e I

At
 =

average
time between collisions

at ×=O & × =L
, roundtrip



At
 = I

momentum Transferred to
 wall

wxl

Apx
=

Zmlvxl

rate
at  which momentum is transferred

p

"

average

"

apx
=

Zmwxl

It =

=

met
=

< Fx >
more

/lUx1 molecule

total fhce  applied to ×=o
or ×  =L walls !

(F)
= Nm_uI

L

pressure
!

[
-

p
 

=

( F > =
Nmux

=
Nmvx

.

-

-

A E L
V

use
averages

:  uI→ < ni >

p=Nm#E
>



p
 

= NMIVE
>

nothing special about x.
.  on  average

V

cue > + we > +

Cup > = was

so
< we >

=

tzcrr >

p=Nm<r:

PV =

tz
Nm ( vz >

= Constant .  - Boyle 's Law

Now remember ideal
gas

law : PV= NHT

THE MAGIC !

PV =

§
Nmcuz )

= NHT
In  an  ideal

gas

LT
 

=

tsmluz
> =

Es
.

tzmcvz >
=

§
K

WAOA
.



PV =

§
Nmcuz >

= NHT
In  an  ideal

gas

hT= tsmluz
> =

Is
.

EMLVY
=

Eg
K .  

.
.

 
really Eg

< K >

A GAS TEMPERATURE = AVERAGE KCWETK ENERGY OF MOLECULES

( k ) =

3zhT
&

. n=

NCH
> so

PV=2z U

N
= # molecules

-

23

k = Boltzmann
's Constant

= 1.38066×10
JTK

h  =
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Degrees  of Freedom

monotonic
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Eqvi partition  of  
Energy

An  average energy of lznrt
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is associated with each
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of

a  
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This  will haunt physics  In 1900 .



Molar Specific Heats
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an  Ideal Gas
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Back to 1st Law : AQ= AU  taw - dQ=dU+dW

:
1

adiobatr

OA 0= dutdw =
 ncudt +  PDV

for Ideal Gas : PV=nRT

@ VdP+pdV=nRdT

@ dT=

✓dPnEPI

y

Vdpytnrdv
=

-

P=dyu

AO dT=
- PI

PdU(
HRE )=

-
vdp

hcv
but CvtCp=R

so

Pdv(|+G¥y)=
- VDP

PDVC It CI - 1)
=

- VDP

%
called

"

8

"



PDU 8 =
- Vdp

ddv
✓

+
d

,¥
= 0

for a
finite thermodynamic  change → integrate

rfddv
+ Sdf =o

8lnV + ln P = ln ( constant )

put = ( constant ) fn an  
ideal gas



f
"

adiabat

"

steeper than  Isotherms f
"

adiabat

"

p p
a

III.
isotherms

-

"

•f¥#h
Tf #

v g
✓

get word

PiVM= PfVY=  constant EK

(
w

-

h
.%dv= Etna

, ,
II

'

EE

> P= I

w
-Yit 'Eµ

=

±r(
kytrkvitrj



Adiabatic transitions  are special .
 .

.

the Goldilocks

Between
to not lose heat

Be shw_enoYh
to  uniform thought

just
 right
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For actual

materials
,

phase transitions

Complicate this
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