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Xcode File Edit View Find Navigate Editor Product Debug Source Control Window Help D 33 < [4] 93% @m)} Wed11:17 AM Lauren Hayward Sierens Q@
® 8 ¢ ising1D_flatSampling.py
Ising10_flatSampling. py

Ising10_flatSampling.py * No Selection

HEHRBRARFHBRFRARRAHFRHER PHYS 602: PSI STATISTICAL MECHANICS CORE ####&#HGHARSERHRAREHBHH
'’ ### Code by Lauren Hayward Sierens
T = 1.6500000 O

T 4 ###t This code estimates the average energy for the classical one-dimensional Ising
### model using flat sampling.

Bt IMINNIIIIN  © i/f This code assumes open boundary conditions and no external field (h=0).

[Laurens-MacBook-Pro: 1l i ! HEBHBRBBUHBBRBRBRBBUBBBBRBHBBRBRB B BHBBBBRRBRBGHBRBB L BBRBGBRBEBB B UL BRBBHBR B R RBR R BB H

[Laurens-MacBook-Pro11D_ a

[Laurens-MacBook-Pro:1D_I R .
(Laurens-MacBook-Pro:1D_Ising 9 1mpor L matplotllb.pyplot a5 plt
[Laurens=MacBook=Pro:1D_Tgin T

[Laurens-MacBook-Pro:1D_Ising }mport numpy as np
[Laurens-MacBook-Pra:1D_Ising 11 1 mpo rt os

Laurens=MacBook=Pro:1D 19 1
Laurens-MacBook-P ' lmpl}T’T randam
Laurens=MacBook=Pro ai 13

waurana-MacRoo-rre o, 14 ### Input parameters: #i##
15 T_1list = np.linspace(5.0,0.5,10) #temperature list

2.608000

T = 2.000000

5{-:,:‘"“"5_""““"‘_"(“:1 . 16 L = #linear size of the lattice
i 17 N_spins = L #total number of spins
83 =1 #fcoupling parameter

20 ### Sampling parameters: ###
21 M_samples = 10000

23 #t#t#t Create arrays to store the spin 5ta¥es and the energy estimator results: ###
24 spins = np.zeros(N_spins,dtype=np.int)
5 E_estimator = np.zeros(len(T_list))

27 ### Function to calculate the total energy (with open boundary conditions) ###
28 def getEnergy():
9 currEnergy = 0
30  for i in range(N_spins-1):
: currEnergy += =J%( spins[ilkspins[(i+1)] )
return currEnergy
33 #fend of getEnergy() function

[ JBs ®AFLTOAOOPNEY E
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@ Xcode File Edit View Find Navigate Editor Product Debug Source Control Window Help 0 =2 <7 [L] 93% [@E Wed11:177 AM Lauren Hayward Sierens Q@
8 ¢ ising1D_flatSampling.py

Ising10_flatSampling. py

i Ising10_flatSampling.py * No Selection
T = 2.500000 AT A MTIMM N TI WAty

S BT 3 currEnergy += -J%( spins[il*spins[(i+1)] )
return currEnergy

T = 1.500000 13 #end of getEnergy() function

T = 1.660080
T a0 808000 35 ### For each temperatures, estimate the energy from M random state configurations: ###
[Laurens=MacBook=Pro: 36 for (1T, T] in enumerate(T_li St) H

[Laurens-MacBook-Pra: pr int ( "\nT = %F' %T)

[Laurens-MacBook-Pra:

[Laurens-MacBook-Pro: d

[Laurens-MacBook=-Proi1D_Ising a0 -

[Laurens=MacBook=Pro:1D_Iging Ewsamp]_‘es = Np.Zeros (Mvsamples )
PR e eeee ety 40  for m in range(M_samples):
[Laurens-MacBook-Pro:

Laurens=MacBook=Pro:1D

Laurens-MagBook-P B #Choose a state at random:

Laurens=MacBook=Pro ai X - : .

Laurens-MacBook-Pro: f for ].' ln‘rangE(N-splnS]' . s
Laurans-MacBook-Pro:1D_ spins[i] = 2%random.randint(®,1) - 1 #either +1 or -1

Laurens-MacBook-Pro:1D
e Laurens-MacBook-Pro:
s

: E_samples[m] = getEnergy()
ftend loop over m

E_estimator[iT] = np.sum(E_samples*np.exp(-E_samples*x1.0/T)) / (1.0xnp.sum(np.exp(-E_samplesx1.0/T))*
N_spins)
50 #end loop over temperature

52 ### Calculate the known solution (see Tutorial 2): ###

53 E_solution = =(N_spins=1)*Jknp.tanh(J*1.0/T_list)/(1.0*%N_spins)

55 #t## Plot the rpsults: ##4#

5 plt.plot(T_list, E_estimator, 'o-', label='M=%d Estimator' %M_samples)
5/ plt.plot(T_list, E_solution, '-', label = 'Solution')

58 plt.xlabel('$T$")

59 plt.ylabel('$<E>/N$')

60 plt.legend(loc='best')

61 plt.title('L=%d Ising model' %(L))

62 plt.show()
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@ Terminal Shell Edit View Window Help P 32 <7 [L] 93% @® Wed11:18 AM Lauren Hayward Sierens Q@

lsing10_flatSampling. py

® a® 10_lsing — python ising10_flatSampling.py — 80x=24

[Laurens-MacBook-Pro:1D_Tsing lhayward$

|[Laurens-MacBook-Pro:1D_Ising lhayward$ TICAL MECHANICS CORE #####HHHIHHBRRBRIHHIH
" [Laurens-MacBook=Pro:1D_Ising lhayward$ python isingiD_flatSampling.py e
T = 5.000000
e Eeeneg for the classical one-dimensional Ising
I i ons and no external field (h=@).
3.500000 HHEHBRBBBERABUBHB BB U BB BRRBUB RSB BB B RS
3.000000
2.600000
. 668280
.5egeee
.BogeeR
.566000 re list
ze of the lattice
ber of spins
. parameter
5

A € éj%<1

23 #hn Create arrays to store the spin states and the energy estimator results: #i##
24 spins = np.zeros(N_spins,dtype=np.int)
E_estimator = np.zeros(len(T_list))

27 ### Function to calculate the total energy (with open boundary conditions) ###
28 def getEnergy():
7 currknergy = 90
for i in range(N_spins-1):
currkEnergy += =J%( spins[ilkspins[(i+1)] )
return currEnergy
33 #fend of getEnergy() function
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@ Terminal Shell Edit

®0 e

[Laurens-MacBook-Pro:10_Ising lhayward$

View Window Help P =2 <> [L] 93% @@ Wed11:18 AM Lauren Hayward Sierens Q@

10_lsing — python ising10_flatSampling.py — 80x=24

laing10_fMatSampling. py

[Laurens-MacBook=Pro:1D_Ising lhayward$ python isinglD_flatSamplin

T = 6.000000
T 4.568000
T = 4.000000
3.60e000
3.000000
2.600000
.8608008
.Gegede
.Bogede

.5ee0e0

[Laurens-MacBook-Pro:1D_Tsing lhayward$ 13
HH R AR
L=4 Ising model .
Ising
—&— M=10000 Estimator e
—Bin Solution ) _ -
" d HHHHAHRH
o /
Z 0.4
M
(18]
v
—0.5
s " o
17'N_spins = L 06 - i
ey =l '
19
20 ### Sampling paramei 0.7 4
21 M_samples = 10000 g
: 1 2 3 4 5
### Create arrays t« T #it#
spins = np.zel

Pirsa: 17100045

2% E_estimator = np.ze1 i € 9 ¢ Q =

### Function to calculate the total energy (with open boundary conditions) ###

28 def getEnergy():

currkEnergy = 0
for i in range(N_spins-1):

currkEnergy += =J%( spins[il*spins[(i+1)]1 )
return currEnergy

3 #end of getEnergy() function
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®

3.p08000
2.608000
2.000000
T = 1.500000
T = 1.068000

T = 8.600080

[Laurens-MacBook-Pro:
[Laurens-MacBook-Pro:
[Laurens=MacBook=Pro:
[Laurens-MacBook-Pro:
[Laurens—-MacBook-Pro:
[Laurens-MacBook-Pra:

Laurens-MacBook-Pro:

T = G.008080

T = 4.500000
|
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Terminal Shell

10_lsing — python ising10_flatSampling.py — 80x=24

it lew indow elp iz < L 2% () ed 11: auren Mayward Sierens
Edi Vi Wind Hel P 32 <~ [al 92% @E) Wed11:18 AM L H d S Q @

laing10_flatSampling. py

p2: PSI STATISTICA
pbrens

MECHANICS CORE ##&###HHHHHHHBIARERHEH

erage energy for the classical one-dimensional Ising

ndary conditions and no external field (h=@).
RHHURHRHBRBRBEBHAREHBERBREBERHB R BB R HEHRRB RSB R H R B R BB

lhayward$
lhayward$
lhayward$

I
1D
|
lhayward$
]
]
]

_Ising
1D_Ising
1D_Ising
1D_Ising
1D_Ising
1D_Ising

lhayward$
lhayward$
lhayward$ python isinglD_flatSampling.py

10) #temperature list

#linear size of the lattice
#total number of spins
#fcoupling parameter

17 N_spins = L
- i

10

0 ### Sampling parameters: ###

21 M_samples 10000

3 ##t#t Create arrays to store the spin states and the energy estimator results: ###
24 spins = np.zeros(N_spins,dtype=np.int)
. E_estimator = np.zeros(len(T_list))

27 ### Function to calculate the total energy (with open boundary conditions) ###
28 def getEnergy():
7 currknergy = 90
for 1 in range(N_spins-1):
currEnergy += =J%( spins[ilkspins[(i+1)] )
return currEnergy

33 #fend of getEnergy() function
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@ ® Figure 1

l8ing10_flatSampling. py

L=50 Ising mode

Laurens-Mac

[Laurans-Mac :TICN MECHANICS CORE #####FRHGHARBHAHARTHER
[Laurens-Mac ~0.2 4 —® M=10000 Estimator - —
: Solution i

T = 5.0800008 e |
T et asees -0.3- e for the classical one-dimensional Ising
T = 400000 R pns and no external field (h=@).

3.50000 L3 s P s e s s

3. 00000 JEUEE N

= *
2. 56000
v ~0.6

.pegee

.60000 -0.7 1

.00Rae

.soo00 [N re list

fize of the lattice
-0.9 1 : :
ber of spins
; . . . i parameter
1 2 3 4 5
T
_
feate arrays to store the spin'states and the energy estimator results: ###

24 spins = np.zeros(N_spins,dtype=np.int)
25 E_estimator = np.zeros(len(T_list))
7 ##4 Function to calculate the total energy (with open boundary conditions) ###
28 def getEnergy():
9 currkEnergy = 0
3  for i in range(N_spins-1):
: currEnergy += =J%( spins[ilkspins[(i+1)] )
return currEnergy
33 #fend of getEnergy() function
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@ Terminal Shell Edit View Window Help P =2 < [L] 92% @®r Wed11:19 AM Lauren Hayward Sierens Q.
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