
Summary so far :

Id Tsing Model :

Non-zero magnetization at T=o as h→o
.

Ze= , ,
, , T.to as h→0
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How can things look so different at

T=O Vs T
 TO ? What if T is

1510 k ! which of the above two

plots will be the comeehoue .
let's analyse

this in detail
.

f- =
- T dog [ coshtsh )

.

+ since ]
- J

BT
[ sinhlph ) +2dam ]⇒ m=

- ¥n =

-Etceteracosh Bh ) + ginkgoes
= sink ( Bh)

⇒' nh2( Bh ) + e-4BJ-

pktoo ¥→o m = pwj
. ¥p ,

= 0

¥o F. am = It .oF→.TL?nY#uEhfosignad

= signed
i - e . +1 if h→ Ot

- 1 if h→ 0

Thus , limits don't commute .



1

further
.

as already discussed ,
if B # a

;

then in the limit h→0
,

m always

go to zero .

Cheek : ht mch ) = htsinhCBh)_h→oh→o JIM BJ

= 0

So If T= 1510 K and h= 1520 k
,

while J= 1k
,

then me 0

since BWKI
.

- 20

On the other hand
,

if T= 10 K

and h= 1J1°
K and J= 1k

,
then

me 1 since Bh > > 1
•

With this understanding ,

let's plot m

in the KT plane .



One ally needs a 3d image to plot

MCT , h ) but let's draw atagiven

@,T ) as an arrow whose direction

depnoty the sign of m and length the

magnitude .
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The singularity exists only at ( h
,

T )=o

Thus , the phase diagram looks like

:for:#
The two dots at the origin signify that

the magnetization in the limit h→o+

is not same as in The limit h→o
•



Phase Diagram of

1d
Ising Model

-

:All Spins upt.am.H

.
K All spins down

toe
?

Only one ! Partition fn singular

Only at the origin ⇒ can so

from any point on the ( h ,T )

plane to
any other point without

encountering singularity .



nh
•

Chi , Te )

Heitkamp.

•

( hzgtz )

How many phases at h=o ?

Fifthly
)

TI ¥5
Only one .

Hoeft?
n @bit unphysical )

← All spiny up
he

Two phases !HThis path

••Tzs+
order←

phase transitionalways he
encounters ← All spins down

singularity at

the origin .



2 .

2dTsingMod=

Non-zero magnetization at T=o as h→o
.

Not
, ,

, , T< To as h→ 0

zero 73 39 TZTC as T→O

Teto

^F #•M=§Iw|w=ot# to*AFifT< Te T > To* *
-

How to see this 7 Mean - field Theory
• Csce below )



Finally .

when h # 0 ( and not infinitesimal)

magnetization Is always non-ze#_
•

How can singular behaviour exist in

the limit h→O at finite T

Answer : Due to Thermodynamic limit

N→ a
.

Recall the domain

wall argument where

Dfdowainwaee ~ TN [ J - TIogk⇒]
This B qhalitah 're different for J > TIOGCZD

B J < Tdogczt ) only when N → a

More explicitly ,

¥→*¥→°M(t→N→↳=°*%|Butyggygam.,µ,µ⇒ogn,<q.(
Thus

, compared to Id Tsing ,

N Plays the

role of B to cause siswlar behavior .



.

Let's again plot m in Tsh Plane

assuming that we first take tnelimit

N→a .
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Phase Diagram :

¥he
limit N→d taken first .

/¥÷÷.

We will soon derive the qualitative features

of the ZD Thing
Model using thankyou

6



Phase Diagram of2d Ising Model

-

^

1st order phase
transition .

ftp.t#Koehit < M > < 0 9 critical point
( 2nd order phase

transition )

How
many phases now ?

At TFO , if htO :

has
( h , ,Ts )ok¥5; .am

.

C hz ,Tz)

Only one phase when WHO at T > 0
.



At TFO ,
at h=

0.ci
. e

.

while

maintaining s→ - s symmetry -0ft ' )

t.FI#RIEtMtOlsingulantyatTc

.

Always encounter singularity when

going from T < To to T > To
.

Two phases !

The low -
T phase is called

"
Ordered ' '

since M -1-0
.

⇐
ferromagnetic

phase )

The high . T phase Is called

"
disordered " since M=0

.

CE paramagnetic phase )
.


