Announcements

« The sample final exam and associated solutions are
now posted. Check “What's new?” at website!

o Sessions will be held to review homeworks and
other course material and to go over the sample
exam on Tuesday and Thursday at 3PM in room
428 Pupin.

o Special office hours will be held by me in my
office on Friday from 10AM until 12:30PM (or
later IT people are waiting). 1 am likely also to be
In my office next Monday morning (on the final
date). 1 will also be available to answer any
specific questions by e-mail.
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Thermodynamics and
Gases

Last Time
o 2nd Law of Thermodynamics
o ENntropy
o Uses In engines, heat pumps, refrigerators

Today (not on final)
o Origin of Entropy

= measure of system disorder
= Statistical mechanics
= FInish
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review Boltzmann: Macrostates

(and Microstates)
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o Two scenarios at right

¢ each has several possible
microstates

¢ depend on which molecules are

on which side ssumber of &
Analyze with coins W = . +
’ Y £ microstates

Physics 1401 - L 25 Frank Sciulli slide 3



review

« all heads: one microstate
o« One tail: 4 microstates

e 2 heads, 2 tails: six
microstates

o In total: 16 microstates

e Pix shows relative
probabilities
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e 4k
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Macrosiate
0 1 2 3 4 # Tails
4 3 2 2 o # Heads
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4 pennies-macrostates
and microstates

Four-Penny Macrostates and Microstates

Macroseate (1): 4 heads (H) and O tails (T)

Penny | Penny 2 Penny 3 Penny 4
H H H H
(1 microstate)
Macrastate (2): 3 heads and 1 tail
Penny 1 Penny 2 Penny 3 Perny 4
H H H T
H H T H:
H nE H H
P H H H
{4 microstates)
Macrostate (3): 2 heads and 2 tails
Penny | Penny 2 Penny 3 Penny 4
H H T T
15 B * T H
T T H H
T H H T
il H T H
H T H T
{6 microstates)
Macrostate (4): 1 head and 3 wails
Penny | Penny 2 Penny 3 Penny 4
H T F T
T H T T
[ T H T
T T T H
(4 microstates)
Macrostate (5): O heads and 4 rails
Penny | Penmny 2 Penny 3 Penmny 4
T i T[ T
{1 microstate)
Snuc



review

10 coins -contras
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« 5 each is 252 times more probable than all heads

e as Mmore coins are added, equal partitioning=equal
numbers heads and tails gets more probable
relative to all other possibilities
¢ especially those near the extremes (list top and bottom)
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Increasing the coins

;,:.TABhE Iif‘f - As the number of b0 10 |
coins increases,
equal numbers as Rl
heads/tails is more B |
and more probable R 1|
s relative to others L
b & e Note: binomial dist. 1]
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review, Entropy Increase of free expansion

of gas from Thermodxnamics

V
DS = nRIn-Lt
V.

—_ e This is the entropy change of
- the gas for both processes
more general

entropy change for ideal gas

- (# a.,..,|.~.|.m,-r . d N dT N dV
Irreversible  reversible] DS = OTQ = nC, ()71_ + ”ROV
In a closed  jsothermal ! ! !
system T, V]

equivalent] ps

nC, In_l_—‘_‘+nR In—‘_:

i i
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Boltzmann applied = Statistical Mechanics

« More microstates = more entropy

e For atoms and microstates, the number of states are
delineated by

¢ Position possibilities
¢ Velocity possibilities
o Tor each atom, enormous number of possibilities

o Total entropy = Sum over all atoms (also enormous
number)

o Have looked at simpler physical system: limited number
of coins - states of up or down

S
W = # microscopic states in macrostate

=k Inw

molecule

- ; aav, O
SgaS = a- Smolecule D81®2 = Nk énW Inw g NK In QW—
al e"V1 @
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Position states available
degends on Volume

o PIX shows gas expanding to
new volume: getting many
more position states available

e In general, same atom In
volume V¢ has many more

position states available than
at volume V; . (wpV)

o« Ratio of number of available
position states is V¢ /V, .

(1) Initial state §

No states . &/ O
No states V&V, 4
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Entropy of Isothermal
- Expansion from Stat Mech
H - o Ratio of number of position
states is V¢ /V, .

No states \, &/, O
No states V| &V, 4

DS'th molecule = kn \/ -
j lecul gv

(% Final stawe f

0O

7]
N =n
entropy change for 0 . 0O
. . DS = q DS, = Nk In ¢+

iIsothermal gas expansion QV

: : ' i 9
from using thermodynamics

DS = nR In\/—f DS

2
5 &
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Temp Changes: Velocity States Available

depends on Temperature

em § -m ~ o Number of v, states
dPlv) = SOKT & “Tav,  Gaussian  jyaijlable to noble gas

\/ﬁ atom is proportional to s,
Sy, =.— .
x m

Number of available
velocity states

) =0

x-component of velocity /8OK proportional to SVX"‘Svy*SVZ
o 7 s = KT
. e’ 300K A m
[ / s
JiN / _ kT r
g JARNEA4 Sv.Sv, Sy, ~ g H
j/o; \k:/ m
3
-1500 -1(;00 -5|00 G_Z) 560 10|00 1500 No states Tf — % c_)z
velocity x-component (m/s) NO States T| eT| ﬂ
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Entropy Change for Temperature Change of
mona tomlc gas from Stat Mech

em § « Number of available
— 2kT
dP(v,) = ﬁzka > € dV Gaussian  yelocity states
x-component of velocity S0K prOpOFtlonal tO SVX"‘Svy"‘SVZ
. / s.s. s, _ ékT u
o Vi 2 vy 8
3 m
. Ale/ 300K
: A No states T, o, &
: j//?\\\ // No states T &T. o
ool €/ A, 5
. / 9 \ . DSl molecule = k In QT -
-1500 -1000 -500 05 ) 500 1000 1500 ﬂ
velocity x-component (m/s) ) f O%
entropy change for isochoric change DS = Nk In C+ ~
eTi g
from using thermodynamics
3 oA 0 .0
DS:nCVInT—f DS :—Nklng = nVInQ—fT
T 2 eTi ﬂ eTi 4]
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Stat mech

-Vol.
No states

Check Stat Mech vs Thermo

chg
&, 0

No states V| &

@

%’o
DSl molecule = k In
elﬂ
N,
DS = Nk |nQV9
evi g
. O
DS =nR In(;\/—f_
evi g

Physics 1401 - L 25

thermodynamics
entropy change for ideal gas

f Te \Z
DS = O—‘C_II_Q = nC, O—dT + nR O_dV
DS = nC, In-_lr_—f + nR In\\;i

Frank Sciulli

Stat mech = temp chg

s,S,S, = (?kT 9
S g
No states T, _ _o
No states T, C’T a
0%
DSl molecule — =k In Q =
i @
053
DS = Nk Ing -
éli g
DS = 3Nk In ‘;f'—_?
2 eli g
DS =nC, In ‘g‘r_?
eli g
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Statistical Requirement

o Systems will evolve from less
probable macrostate to most
probable macrostate

o Entropy will always increase

o Ordered segregation will inexorably
become disordered equilibrium

High temperature

Intermediate
temperature

Low temperature

{a) (b} {c)
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Molecules In a box

Arrow of time

() L

=
E
Z Central
g configuration
i peak
é Arrow of time
z (b) Unbelievable
Z il 1 4 J
0 25 50 75 100%

Percentage of molecules in left half
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Exceptions?

o Do living organisms violate entropic principles?
o Does evolution of life violate entropic principles?

NOI {- “blackbody” at 5800K

Entropy of the oy Visie IR
world increases in 2R

every process! L N
Evolution of life Earth

does not contradict ﬂ “blackbedy” at 3OOK
physical principles!
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That's Almost All

o Last lecture
o« Different lecturer next semester

o Before leave .. one more story of
personal nature (with a moral)
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1 - wildlife
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3 - who’s In charge?
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4 - not me, that's for sure!
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5 - how does squirrel

Implications for
the jump:

In simple model,
the coefficient of
kinetic friction at
the feeder must
be large enough
to stop the
horizontal
momentum of the
squirrel

s, ~—

Solution: make top of feeder slippery
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6 - They still get there!
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7/ - An experimental result

Physics 1401 - L 25 Frank Sciulli | | slide 24



Moral of the Story

o Learn all the established principles

o Know where they come from and how to
apply them

o« But check them out

¢With experiments
¢\With observations
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™ TWE T
s

- e b Oy

B ™ Surrender.. Solution: no seed In
Ry the feeder!

« N0 food
e NO squirrels
e NO birds

« Unhappy birds
« Unhappy squirrels
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9: Revenge

. tap, tap,tap
o On my chamber door
o outside my window
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That's All

« Have a good final

« Have a good second semester!

o Best of fortune in the future!

e Please remain to fill in Questionaire
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