nfesi= J = 1.

out[te5]= 1.

Wigner Semicircle Law

n=2000

= N =2000
ouf-]= 2000

n-p= sigmad = Sqrt[ 2372/ n]

ouf-]= ©.0316228

m-= M200O = Array[a2000, {n, n}]

mn-r= Do[m[i, j] = RandomVariate[NormalDistribution[0, sigmald]], {i, 1, n}, {j, 1, n}]
n-= Do[a2000[i, j] = (m[i, j] +m[j, i]) /2, {i, 1, n}, {j, 1, n}]

n-= Show[Histogram[Eigenvalues[M2000], Automatic, "PDF"],
Plot[1/ (2 PiJ"2) Sqrt[(23)*2 - x*2], {x, -23, 23}, PlotStyle -» Red]]

E _— e~
030 747« &x
< N

0.255 71 \

Outl+J= 0.15:— 7Z 3‘

-2 -1 0 1 2

n=1000

ngl= N = 1000
ou-]= 1000

ne= sigmal = Sqrt[ 23722/ n]

ouf-]= 0.0447214

infop= M10OO = Array[al000, {n, n}]

nii1:= Do[m[i, j] = RandomVariate[NormalDistribution[0, sigmald]], {i, 1, n}, {j, 1, n}]

ni2= Do[al@eO[i, j1 = (m[i, jl+m[j, i]) /2, {i, 1, n}, {j, 1, n}]
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ni1s= Show[Histogram[Eigenvalues[M1000], Automatic, "PDF"],
Plot[1/ (2 PiJ7*2) Sqrt[(23)72 - x*2], {x, -237, 23}, PlotStyle -» Red]]

0.25 — 74 i
0.20 — 7Z X

Outf+]= 0.15:_ 7Z

2 -1 0 1 2

n=100
4= N = 100
outf-]- 100

niis= sigmad = Sqrt[ 2372/ n]

ouf-]= 0.141421

nel= M100 = Array[al00, {n, n}]

ni17= Do[m[i1, j] = RandomVariate[NormalDistribution[0, sigmal]], {i, 1, n}, {j, 1, n}]

niey= Do[al@O[i, j] = (m[i, j]+m[j, 1]1) /2, {i, 1, n}, {j, 1, n}]

ni1o= Show[Histogram[Eigenvalues[M100], Automatic, "PDF"],
Plot[1/ (2 PiJ7"2) Sqrt[(23)72 - x*2], {x, -237, 23}, PlotStyle -» Red]]

0.30 — / \\

Outf+]=

-2 -1 0 1 2
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n=10

neol= N = 10

ouf-]= 10

ne1= sigmad = Sqrt[ 2372/ n]

ou-]- 0.447214

2= M1O@ = Array[al@, {n, n}]

nes= Do[m[i, j1] = RandomVariate[NormalDistribution[0, sigmal]], {i, 1, n}, {j, 1, n}]
ne4j= Do[al@[i, j1 = (m[i, j] +m([], i]) /2, {i, 1, n}, {j, 1, n}]

inesi= Show[Histogram[Eigenvalues[M10], Automatic, "PDF"],
Plot[1/ (2 Pi3A2) Sqrt[(23)72 - xA2], {x, -23, 213}, PlotStyle - Red]]

aw; ///////”_—__—“\\\\\\\
025]
ozo;
outf:J= o.15f—
010
0.05F
A S A S
-2 -1 0 1 2

= Show[Histogram[ {Eigenvalues[M100], Eigenvalues[M2000]}, Automatic, "PDF"],
Plot[1/ (2 PiJA2) Sqrt[(23)"2 - xA2], {x, -23J, 23}, PlotStyle -» Red]]

Outf+]=

Level repulsion
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n-= v1@ = NumericalSort[Eigenvalues[M10]]

our- {-1.67036, -0.874687, -0.625707, -0.254182,
-0.11284, 0.230875, 0.444219, 0.64214, 1.41129, 1.52521}

nj- s10 = Table[v1O[[i+1]] -v10[[i1], {i, 1, 9}]
our- {0.795673, 0.24898, 0.371525, 0.141342,
0.343715, 0.213345, 0.19792, 0.769148, 0.113927}

n-= Histogram[s10, Automatic, "PDF"]

1.5

Out[+]=

0.5

0.2 0.4 0.6 0.8 1.0

= v10O = NumericalSort[Eigenvalues[M100]]

nf-]= $100

Table[v100[[1+1]] -v100[[i]], {i, 1, 99}]

n-= Histogram[s100, Automatic, "PDF"]

20} —

Out[+]=

0: W!_l__!l_\

0.05 0.10 0.15

mn-r= v1000 = NumericalSort[Eigenvalues[M1000]]

- $1000 = Table[v1000[[i +1]] - v100O[[i]], {i, 1, 999}]



Infe]:=

Outf+]=

Infe]:=

Infe]:=

Infe]:=

Out[+]=

Infe]:=

Outf+]=

Infe]:=

Out[+]=

Histogram[s1000, Automatic, "PDF"]

200
150 -
100 |-
50
0002 0004 0006 0008 0010 0.012
v2000 = NumericalSort[Eigenvalues[M2000]]
$2000 = Table[v2000[[i+1]] -v2000[[i]], {i, 1, 1999}]
ave2000 = Mean[s2000]
0.00199159

Histogram[s2000 / ave2000, Automatic, "PDF"]

0.8

0.6

0.4

0.2

IR s

0.5

1.0

1.5 20 25 3.0

Comparison to Wigner's form

Show[Histogram[{s2000 / ave2000}, Automatic, "PDF"],
Plot[Pi/2 x EA(-Pix"2/4), {x, 0, 4}, PlotStyle -» Red]]
058

0.6

0.2

/

0.5

RandomMatricesAdvances.nb

| 5
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n =2 and sampling over many matrices

nea7= =23 sigmad = Sqrt[ 2322/ n]

out2371= 1.

nessi= S2 = {}3 lambdasampling2 = {};
Do[M2 = Array[a2, {n, n}]; Do]
m[i, j] = RandomVariate[NormalDistribution[0®, sigmad]], {i, 1, n}, {j, 1, n}];
Do[a2([i, j] = (m[i, j]l+m[]j, i]1) /2, {i, 1, n}, {j, 1, n}];
lambdan2 = Numer-icalSort[Eigenvalues[M2]];
lambdasampling2 = Append[lambdasampling2, lambdan2[[2]]]}
lambdasampling2 = Append[lambdasampling2, lambdan2[[1]]];
s2 = Append[s2, lambdan2[[2]] - lambdan2[[1]]], {a, 1, 100000}]

n2z9= Show[Histogram[{s2 /Mean[s2]}, Automatic, "PDF"],
Plot[Pi/2 x EA(-Pix"2/4), {x, 0, 4}, PlotStyle - Red]]

0.8
i TN
0.6:— ZZ B‘\
Out[239]= 0-4j
0.2}
R P O P O I P e ‘
0.5 1.0 15 2.0 25 3.0 35

ini240;= Show[Histogram[lambdasampling2, Automatic, "PDF"],
Plot[1/ (2 PiJ"2) Sqrt[(23)*2 - x*2], {x, -23, 23}, PlotStyle -» Red]]

Outi240l= ¢ 45

1 | | I

-4 -2 0 2 4

n = 3 and sampling over many matrices



In[252]:=

In[253]:=

Out[253]=

In[254]:=

Out[254]=
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n=3;

sigmal = Sqrt[ 2322 /n];

s3 = {};

lambdasampling3 = {};

Do[M3 = Array[a3, {n, n}]; Do[

m[i, j] = RandomVariate[NormalDistribution[@, sigmald]], {i, 1, n}, {j, 1, n}];
Do[a3[i, j] = (m[i, j1+m[j, i]) /2, {i, 1, n}, {j, 1, n}];
lambdan3 = Numer-icalSort[Eigenvalues[M3]];
lambdasampling3 = Append[lambdasampling3, lambdan3[[3]]];
lambdasampling3 = Append[lambdasampling3, lambdan3[[2]]];
lambdasampling3 = Append[lambdasampling3, lambdan3[[1]]];
s3 Append[s3, lambdan3[[2]] - lambdan3[[1]]1];
s3 Append[s3, lambdan3[[3]] - lambdan3[[2]]], {a, 1, 50000}]

Show[Histogram[{s3 / Mean[s3]}, Automatic, "PDF"],
Plot[Pi/2 x EA(-Pix*2/4), {x, 0, 4}, PlotStyle -» Red]]

08

I e

o.s:— 7Z

0.4:—

0.2:—
N L T ‘
05 1.0 15 2.0 25 3.0

Show[Histogram[lambdasampling3, Automatic, "PDF"],
Plot[1/ (2 PiJ"2) Sqrt[(23)*2 - x*2], {x, -23, 23}, PlotStyle -» Red]]

- AR

-4 -2 0 2 4

Comparingthen =2, 3 cases
(semi-circle law and tails)
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in2ssi= Show[Histogram[ {lambdasampling2, lambdasampling3}, Automatic, "PDF"],
Plot[1/ (2 PiJ7*2) Sqrt[(23)72 - x*2], {x, -237, 23}, PlotStyle -» Red]]

0.30F -

Ay

Oul2551= ) 45L

-4 -2 0 2 4

n =4 and sampling over many matrices

neszi= N = 43 sigmald = Sqrt[ 2372/ n]
outezl= 0.707107

ine3sl= S4 = {};
lambdasampling4 = {};
Do[M4 = Array[a4, {n, n}]; Do [

m[i, j] = RandomVariate[NormalDistribution[@, sigmald]], {i, 1, n}, {j, 1, n}];
Do[a4[i, j] = (m[1, j]1+m[]j, i]1) /2, {i, 1, n}, {j, 1, n}];
lambdan4 = Numer-icalSort[Eigenvalues[M4]];
lambdasampling4 = Append[lambdasampling4, lambdan4[[4]1]];
lambdasampling4 = Append[lambdasampling4, lambdan4[[3]1]1]};
lambdasampling4 = Append[lambdasampling4, lambdan4[[2]]];
lambdasampling4 = Append[lambdasampling4, lambdan4[[1]]];
s4 = Append[s4, lambdan4[[2]] - lambdan4[[1]]1];
s4 = Append[s4, lambdan4[[3]] - Lambdan4[[2]]1];
s4 Append[s4, lambdan4[[4]] - lambdan4[[3]]], {a, 1, 10000}]

in2s4= Show[Histogram[lambdasampling4, Automatic, "PDF"],
Plot[1/ (2 PiJ"2) Sqrt[(23)*2 - x*2], {x, -23, 23}, PlotStyle -» Red]]

VASE NN

Oull234l= ¢ 45




In[235):=

Out[235]=

In[256]:=

Out[256]=

Show[Histogram[{s4 / Mean[s4]}, Automatic, "PDF"],
Plot[Pi/2 x EA(-Pix"2/4), {x, 0, 4}, PlotStyle -» Red]]
0.8

0.6

0.2

Comparingthen =2, 3, 4 cases
(semi-circle law and tails)

7

/

™\

\

0

1

2
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Show[Histogram[{lambdasampling2, lambdasampling3, lambdasampling4}, Automatic,
"PDF"], Plot[1/ (2 PiJ"2) Sqrt[(23J)"2 - x"2], {x, -23, 23}, PlotStyle -» Red]]

n =5 and sampling over many matrices

0.30f
0.25f
0.20f

0.15f

-4

-2

0

2

4
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In243= N = 53
sigmal = Sqrt[ 2322 /n];
s5 = {};
lambdasampling5 = {};
Do[M5 = Array[a5, {n, n}]; Do[

m[i, j] = RandomVariate[NormalDistribution[@, sigmald]], {i, 1, n}, {j, 1, n}];
Do[a5[i, j] = (m[i, j1+m[j, i]) /2, {i, 1, n}, {j, 1, n}];
lambdan5 = Numer-icalSort[Eigenvalues[M5]];
lambdasampling5 = Append[lambdasampling5, lambdan5[[5]1]];
lambdasampling5 = Append[lambdasampling5, lambdan5[[4]]]};
lambdasampling5 = Append[lambdasampling5, lambdan5[[3]1]1]};
lambdasampling5 = Append[lambdasampling5, lambdan5[[2]]];
lambdasampling5 = Append[lambdasampling5, lambdan5[[1]]];
s5 = Append[s5, lambdan5[[2]] - lambdan5[[1]]1];

s5 = Append[s5, lambdan5[[3]] - lambdan5[[2]11]
s5 = Append[s5, lambdan5[[4]] - Lambdan5[[3]11];
s5 = Append[s5, lambdan5[[5]] - lambdan5[[4]]], {a, 1, 10000}]

Comparingthen=2, 3, 4, 5cases
(semi-circle law and tails)

in2s7:= Show[Histogram[{lambdasampling2, lambdasampling3,
lambdasampling4, lambdasampling5}, Automatic, "PDF"],
Plot[1/ (2 Pi3J72) Sqrt[(23J)A2 - xA2], {x, -23, 23}, PlotStyle - Red]]

0.25}
0.20f

Oull257)= 5 45 i

-4 -2 0 2 4

Sampling over many matrices the maximum eigenvalue
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ine17= J = 13
n=100;
sigmal = Sqrt[23J22/n];
lambdamax = {};
Do[M = Array[a, {n, n}]; Do[
m[i, j] = RandomVariate[NormalDistribution[@, sigmald]], {i, 1, n}, {j, 1, n}];
Do[a[i, j1 = (m[i, J1+m[j, i]) /2, {i, 1, n}, {j, 1, n}];
lambda = NumerdicalSort[Eigenvalues[M]];
lambdamax = Append[lambdamax, lambda[[n]]], {index, 1, 1000}];
Show[Histogram[lambdamax, Automatic, "PDF"]]

4
outlet8l= | I

| .

1.8 1.9 2.0 2.1

1= J = 13
n=100;
sigmal = Sqrt[ 2322 /n];
lambdamax = {};
Do[M = Array[a, {n, n}]; Do[
m[i, j] = RandomVariate[NormalDistribution[0®, sigmal]], {i, 1, n}, {j, 1, n}];
Do[a[i, j]1 = (m[i, jl+m[], i]) /2, {i,1,n}, {j, 1, n}];
lambda = NumerdicalSort[Eigenvalues[M]];
lambdamax = Append[lambdamax, lambda[[n]]], {index, 1, 10000}];
Show[Histogram[lambdamax, Automatic, "PDF"]]

3f
2f
10
] m—'*lf
. 2.0 21

out[620]=

22
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ine21]= J = 13

1000}

sigmal = Sqrt[23J22/n];
lambdamax = {};

n

Do[M = Array[a, {n, n}]; Do [
m[i, j] = RandomVariate[NormalDistribution[@, sigmald]], {i, 1, n}, {j, 1, n}];
Do[a[i, j] = (m[i, j]+m[], i]) /2, {i, 1, n}, {j, 1, n}];
lambda = NumerdicalSort[Eigenvalues[M]];
lambdamax = Append[lambdamax, lambda[[n]]], {index, 1, 1000}];
Show[Histogram[lambdamax, Automatic, "PDF"]]
35¢

30

251

out[622]=

1.96 1.98 2.00 2.02

ine23:= Show[Out[620], Out[622]]
35

30fF
25F

20F 1

out[623]=

1.8 1.9 20 21 22



