
Math techniques
derivatives
¥ Cab

" ) = nabn
"

product & quotient role

¥
,

[tangent = f- 1×1 + guy

⇐ [ f§¥,}=¥[fin guy-1
= g-

' ft -ygzf = 9-



chainrvleflg.cat d=§
.ge/-iffYgcxnf(gcn1=e-BHklc=-Cxl=exgcx1=-pxxydd&--(-p9zxa

, ).jp?texsa&fCGi.q....,qv1--E?da-fqidaE



I^te§÷g) = f ' g t g ' f
f g
= fdx d¥ gin + f. did? fat
= fgcxldf t ffcxldy

fudv = ur - fvdu
✓= b

Sabu du = Caul / ab - f Vdu
of V=L



☒ (✗ -a) fcxjldx = flat

:
fdx e-
" ""Yzoz

=E
-
✗

fdx ✗
"
= ÷, ✗

^"



Counting :

assign n things to N categories
or spots

T.tt#Mi
.

(F) =¥n;I N°41 - - -ou -n,

wN÷!)n !



logab ( b× ) = ✗

In C. b×) = ✗ In (b)

In ( ✗ g) = In 1×1 tlncyl

e.
" ""
=x1^1×1=12

ext> =e×eY

In CN! )~~N1nN -N

<⇒ N!=NNéN



+ I
"

f
"
Cal ithoiu÷i¥÷÷=÷÷÷÷.t - - - d

tea



e×=e° +(x -old to + c×¥d¥Yot . - .
= I 1- ✗ + ✗% 1- ✗%, t -- -

✗

= -2% !
on =u

fsincxse
"

e
"
= it tx +¥

fsdrexidxt fsincxixdx



microecneniaiensonbkii.FI/=--ma
⇒ const E

N , V, E closed isolated

S driving force for processes,
maximized at equilibrium

↳
S = KB In R # states of

2 bodies in contact
system is Maximized

heat flows until = ¥



DE =

d-qtd-w-fdE-f-d-qtf.tw
w

ds
~

f- ( - Pdv + µdN))to
SCN , v. E)

v

ds-f8ffdu.ItCoEldut@s_oeLd.Ea.9N Inmicro

ds-itytdntpq-dvtf-dedosow-iy-osqu-i.lt%e=¥



Caronicalersonble
subsystem

§~heatfkÉ Nsss
,
Usns

Tsss= truth

N
,
V
,E

Expanded entropy around

state all energy is
in bath

system is small
, gygtemt bath

)

# States where /SSD has cfg ✗
✗ e-

HIM/lost



i.FI#-.D:Ft-t-



2- = I number of states

= ⇒ these- Ei /lest
i = 1

or = fdi e-
"*Hst

pg, , yea
, , ,,,

P(state it = e- Eilkstz



Plstatei) = e- Eilkst

e-
Ei /last

2- = ⇒states 71¢stated

e- lkrst
i=i

axe, b×Ez e-Es

= -2 R(e) e-
Eilkst

←
4- Energy leuesfs

(
N
Nup ) - my CRN -Ntl =L



ÉD E-- I hsi
site I 2 3

spine
si si si S3

Si = t §
Energy diagram

3h12 TTT
- "

¥9T hk
hk 1^91 Ifl -42

-
shh

hk PIT tuff - ha - - - hh

- - -
-hcz

- HILL flute -342
- -34,

total # States is 2N
sites 1331

⑦¥1131



e-ph
-2 si F-the

-Endor2- =I 1- 42 Nup
states

µ
=É '

/
"
i
t k -piÉs :
I . . . -2 e i= ' A

5-f-
-
'
Ii SÉ 's 5; -"z Én=-'a ←

e-
Bh" )~ = ( e-Phk + eishkjwsii.es←

E= E.use
- BE""" e-3¥?- e- +.-et"

2- =¥a•n(Yawn) e-
Bhklzn -naan,
,

← ←



N =3

Ée2- = 1€ -Bh[s , tsztss]

9=-112 52=-4255. - is Ñ

% %
-k - 3g

2- = ( e-
PK

+ era )N
- f-Bh{e-

Pk

?⃝¥= N '¥1 , .ph/ztPke
""]


