Stohonary Ponts 2

The Criterion lo find the sfahonary points of
a mulbi-variab@ B Fx, %, %) @

df = O

D Withoud any Constraint™ ~

df= Vf- aFfF —D GF =0
(Qrbfﬁwy

D With consfraint P(x)1=0 ~
Fom the Constraant P(xH)=0O — de = Vg I =0

-6\7‘3//?_7\55 dr can ondy mouve on
the Surface Vv
Y \/ multip€ier

df = Vf-di —>  GF+ATB=0
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not arbifrary %Q



also knowsn ap

Sharvon  Entropy
infBrmahion. ENropY w

For a coin with the probability disibution

TR P P =
@ X=0 EO = (—P L
Conservation of
How can one charocfenze probabiCrty

the wrawrtrinty of the random variable X 2

= 5
S < 6\ > Z 8\ . Shannon
-~ Entropy

example. an biased coin B=1, B=0O

O=-161-06é.0 =@

Q—em\ XOh X = O

X0



Thermal Equi@ibricem
When a sysfem reache» thema equidibrium
LS entropy becomed moximeum %0

N
P o=-7Z BEE,
=|

R =
BB, - B, with the consfraint
N
 fkatich 2 e=1

o=
Moking use of Lograsge mulfiplier,
N
S SR (:_L_" HEE B

e i - ol X =
il S A BB HA O
A=
Q"Ec;: A-1, P.=le] | = oo,

Substiute bock info the constraint Z-£,7 1
and the critenion far moximizing enfropy <

pi= L — microQaroncsy
R ensemble



And, the maximum entropy &

o = -F6F xN = -y = G
mox

It can be shown thal the therma® entropy S
(b refloded To Gpey, (Mot T cn Genern® )

S=RO L=k AN

For a sysfen with therma® contacst & reservsin
the constraints are different &

E =
Pl
(71171 ////////Rx/////////// 2.:—. -ENEQ( = U
= excihan t
& addlitianald
ot Canstrzurd™

Again, apBying Logrange mulfipliers
fird the moximum enfropy ©
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ap, — Enp, - Ed.% + A +AE, SO

A=l AE;
b= (A1) +AE —> S e/lz

Substitute into the constraint 2 £,= 1

i T SekT
c s> e/\zEu

Q¢

/'abSoQUfe?‘EMpﬁj

N

®© [ERaE £ e pactition ;A

The probability dintribution. obtained i above
(> the famoud Bolfzmann distribedion 2
PCEY+ 5T okt
The Ngher-enersy Shafed are xponentialiy
rare fo find, This i the wrderQying reasen
o scientific phenomena @ JifF erergy Sxley,



Fincling  &welppes

Remember Huygers principle Tousht ¢ AGA
School 2 What & the math to find the wave
ffont from these of the wavelats 2

\/WW = enwvelbpe of the wave
TR flonts of the wavelets ¥
RO
wawe frant

Let us start araByzing a fami@y of curves

fp,) =0 f(x,y,01 4+ h) =0

X

Figure 5.4 Two neighbouring curves in the xy-plane of the family f(x, y, ) =
0 intersecting at P. For fixed o, the point P; is the limiting position of P as
h — 0. As o is varied, P; delineates the envelope of the family (broken line).

Riley, Hobson, Bence (3rd edition)



The. infersecting point B Satisfed
Axy;a)=0 R Flxy;ottolot) =0

&pcu\dir@ the 2™ equation. ~
Flgy; otal) = a‘pfw + 55 o
—p %(o«,y;u>=o

Thus, the envelope can be fBund by eQmunahr@
the parametfer o i~ Hhe equahons 3

flxy;e) =0, %‘)(X/Y“")zo

famiQy of curves 2 AEPSRRE|
I MEEcsccss L
C tave fraont

2L_5 —» —2(x-o0) =O



It sirpd, given [ X=0. Subsfitute ct ento

Fogy; o) =0 G eliminate #he paromeferX.
e

(d/fﬁ y-e=o — S

example.  Siding Lodder F

The famidy of Curves 3

Qoalder@/%#\ X i
b/ i 5 = + 5 =1
i where 0, b satisfy
ol b =0T

It ta convenient o Cxpread the parameters ab

a= Lcose X IR AEE
— + i
b= Lsine Lcose LSin®
- CU\SuS?ar parometer S
X Y
- = -+ - =
Fxy; 0) LCoS® LSin® = =

OE L T T [Sing | | v [ CeaSI [
TS N oo || B ST




- 3
X sne  _ S SIONENIN X _ _CoSe
i vl ) A v sirte

I =C-CD§® C (b Some
TAuS one can write Zd -
‘ y = C. 8N Cerstant

Subsfifute bock into flxyiQ) =O

. 2
X_ Y =1 —» Lo+ 5 sino=|

It & eosy o3 that C=L

i
—,9_(-= (S o (—’-‘,:)i= CoS®
_Z__—. SInG (_LZ-_ )‘" = SIin®

Now we are neody to eliminate 6

lCos®» LSS N
)VL-L S (4 =S B\
(Y

_5.. :;_,. V. :-32:: _1
(L) (L. ) Asteroid




Thermodlyromic Relation
l/\femc& enersy In difererntaQ Bm, the

.2 15" acr 6F thermodynamicy
L2 work
/ Vi moy be expresded ab
POOGED
heod™ du = Tds —pdv

heal™ Wwork
Treating the intermal erergy U = UCsv)

dU = ( )ds +(ﬂi-) dv

By Oonparison, one can express T, P ap
purhaQ derivatives of the infeml energy U.

oU =8
=(§§v, 2= a0

r Th s 8O
The 2™ denvatived o  =Fic = 750
2 @)-2®) —~ (@)
5v\@8)) 35
£ P
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