Title: PSI 17/18 - Statistical Mechanics - Lecture 11
Date: Oct 24, 2017 10:45 AM

URL: http://pirsa.org/17100044

Abstract:

Pirsa: 17100044 Page 1/38



Pirsa: 17100044 Page 2/38




A N R RN N e
= bl | & W2 2§ I =) 6 =

GOLDSTONE

( MAS(FSS

Pirsa: 17100044 Page 3/38




(1) "f_7 : . /‘ ‘1'( . - ‘- c ¢ fr — L
s O SUSTiEhies Bedii

P

ek (S (Mo LONE RANCE ORDER T

ARE TnlS ThEoREliv €S

= i o A
[TAT WE CAR HAVE A PHASE ~t e

AN T

NG (

&

Pirsa: 17100044 Page 4/38




f
(

-~

RANCTE OK P TO= CA=o( AT T R 20T

Pirsa: 17100044 Page 5/38




_FLUCTUF\TIONS OF € NoT [HPORTANT, R0T

\\

d

i
2L Nk X

Pirsa: 17100044 Page 6/38




|u{-‘|;rf'~_|'

FLICTIATI0NS S HOT IHereTalT  pur
. [

Pirsa: 17100044 Page 7/38




OF ﬂﬂc‘ ARE . =3

CHANG | UH! B
|
\ S

Sl
T \(5’{)\’ k/ﬂ’\ 7/1,3’

/l SOT (T !& (\(O ( \D[\(H;]\_f;&}a

CL, T~
v

—

IS ACONSTRAINT ('--* IODE(
L/‘ ‘\

Pirsa: 17100044 Page 8/38




Pirsa: 17100044 Page 9/38




Pirsa: 17100044 Page 10/38




Pirsa: 17100044 Page 11/38




004S LikE FREE THEORY, BUT (T (S NoT

L1 ‘ S Q ~
BECAUSE 4 (S AConSTRAIN

ligitlis e
o——<— - r

|

Pirsa: 17100044 Page 12/38




L0OKS LIKE BREE THEORY, BUT (T

\

= :k LY, | (\ Q
P, I ( ‘F“\U\E /r‘"\ — i { ) ,ff'l\ (—.f')l"‘fi\"lrr'.ﬁ”‘!{?_

Pirsa: 17100044 Page 13/38




Pirsa: 17100044 Page 14/38




2 C()NCTION VANISHES
HJBFUM(HNL

ER [N PERT ’”ff-\l

Pirsa: 17100044 Page 15/38




Pirsa: 17100044 Page 16/38




| UKTHC - )

_
ey | P

Pirsa: 17100044 Page 17/38




T\ OV Tl o O L
Bl'S Pt D5

Pirsa: 17100044 Page 18/38




Pirsa: 17100044 Page 19/38




Pirsa: 17100044 Page 20/38




TS (S PHESICALLT WROHE

S— /II’

C Lt

s = - in J/ L :
- - =D [X ( FVIatR (S
ANNOT H e 3 / F..J\

. T (B
MAlAE o ey S Al
S—

i

Pirsa: 17100044 Page 21/38




Pirsa: 17100044 Page 22/38




Pirsa: 17100044 Page 23/38




Pirsa: 17100044 Page 24/38




Pirsa: 17100044 Page 25/38




CroSE TO ORIG N (D)

O O it’“: D —_
| ﬁ( x (:‘ I~ f:)\s L r? E"?-\-T’({

HEN

Pirsa: 17100044 Page 26/38




7

’E’T‘“ E“},T‘PL’\TE T_HE EH ERCT OF AVOK EX -

i 7; — Z~
Piékdkwgl
| / , G

P
= {

7~
| 541
\ '|‘ . [ Y k/
~ L \ \ | |
| ) /
ol

Pirsa: 17100044 Page 27/38




Pirsa: 17100044 Page 28/38




N TE

2

(NS | Dfr'[\

Pirsa: 17100044 Page 29/38




Pirsa: 17100044 Page 30/38




T RANSITION

Pirsa: 17100044 Page 31/38




Pirsa: 17100044 Page 32/38




G o ESS ENERGE - THAS

- So EVEN BELOW- | \ AN FIAVE VORTIICES
l ‘\\ Pf}‘\'\ ( \—\\Q\

N\

Pirsa: 17100044 Page 33/38




<) CINE OF CRITICAL PolNTs

For EVERY T (9

[ iy
W/oULD CONCCUDE THS (5 PHESIGALLT WROHE
_ CARfoT HAVE 57
INE OF CelT. WE HOST HALE
PoINTS ; 7 il
WATH [-DPFFEND ‘ ) (X X ¥ ”ill ()
C R [TICAL EXPONEATS g
e

1]

( :," \-\ \‘1": r

S~

| HERE (R & /'~ T e
NO CONE RANGE

[\ [ LA

Pirsa: 17100044 Page 34/38




o« || (0 John Baez | Azimuth x\ +
o/
&

= V‘j‘} 23
2 H 90 {ﬁ file:///C./Data/Fyzika/PSI/2018/Courses/StatPhys/Old2/Scripta/KT/John Baez _ Azimuth.htm & 2 | WP Reader Mode -H- Bing ] V- - | 3 =
% | ™ Gmail [ Facebook I MX Games

When you heatup your thin film, it gets a bit more anergy, so the
spins can do more intarasting things.

Hare's one intaresting possibility, called a ‘vortex':
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The spins swirl around like the flow of water in a whirlpool, Each spin s
fairly close to being ined up to 1ts neighbors, except near the middle
where they're doing a ternble job,

The total energy of a vortex is enormous. The reason is not the
problem at the middle, which certainly contributes some energy. The
reason is that 'fairly’ dose 12 not good enough. The spins fail to
parfactly line up with thair neighbors aven far away from the middle of
this pictura. This problem i3 bad enough t make the energy huge. (In

fact, the anergy would ba infinite if our thin film of material went on
foraver.)

So, evan if you haatup your substance, thare won'tbe enough enargy
to make many vortices. This made people think vortices weare
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So, @van if you heatup your substance, there won'tbe encugh anargy
© make many vortices. This made people think vortices ware
Irralevant.

Butthere's another passibility, called an ‘antvortex’:
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Asingle antivortex has a huge energy, just like a vortex. So again, it
might seem antivortices are irrelevant if you're wondering what your
stuff will do whan it has just a little anargy.

Buthere's what Kosterlitz and Thouless noticed: the combination of &

vortex together with an antivortex has much less energy than either one
alone| So, when yaur thin film of stuffis hot enough, the spins will form

‘vortax-antvortax pairs’.

Brian Skinner has made a beautful ammatien showing how this
happens. A vortax-antivortex pair can appear out of nothing:
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A single antivortex has a huge energy, just like a vortex. So again, it
might seem antivortices are irrelevant If you're wondering what your
stuff will do when It has just a little energy.

But here's what Kosterlitz and Thouless noticed: the combination of a
vortex together with an antivortex has much less energy than elther one
alone! So, when your thin film of stuff is hot enough, the spins will form
‘vortex-antivortex pairs’,

Brian Skinner has made a beautful animation showing how this
happens. A vortex-antivortex pair can appear out of nothing:
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.. and then disappear again!

Thanks to this process, at low temperatures our thin film will contain a
dilute ‘gas’ of vortex-antivorte x pairs. Each vortex will stick to an
antivortex, since |t takes a |ot of energy to separate them. These
vortex-antivorte x pairs act a bit like particles: they move around, bump
Into each other, and so on. But unlike most ordinary particles, they can
appear out of nothing, or disappear, in the process shown abovel

As you heat up the thin film, you get more and more vortex-antivortex
pairs, since there's more energy avallable to create them. But here's
the really surprising thing. Kosterlitz and Thouless showed that as you
turn up the heat, there's a certain temperature at which the vortex-
antivortex pairs suddenly ‘unbind’ and break apart!

Why? Because at this point, the density of vorte x-antivortex pairs is so
high, and theyre bumping into each other so much, that we cant tell
which vortexis the partner of which antivortex. All we 've got is a thick
soup of vortices and antivortices!

What's interesting iz that this hannens suddenh at snme narticular
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