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0 -100 0 -1 0O 0 0 10
Ee_looo_zs_xo 00.24_0001.23_
[]'000-1’[]‘0001’[]'-1000'[]'
0 010 0 0 -1 0 0 -1 00
0 0 0 -1 0 0 0 -1
00 1 0 00 -I O
ZlR1=15 210 o|'ZM=o 1 o o
1 00 I 0 0 O
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0 -1 0 0 0 - 0O 0

(6] = 10 00O L E[5]= I 0 0O S E[4]= 0
0 o 0 -1/’ o o o 1|’ -1
0 01 0 0 0 -1 0

RandomInteger|[{-400, 400}]

-170
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Generating Momenta

0 -1 00 0 -T 0O 0 0 10 0 0 -T1O0 0 0 0 -1

(6] = 10 00O L E[5]= I 0 0O SE[4]= 0 0 01 JE[3]= 00 0 I JE[2] = 00 1 0 '
0o o 0 -1’ o o o 1|’ -1 0 00| I 0 0 olf 0 -10 o
0 01 0 0 0 -1 0 -1 00 0 -T 0O 1 0 0 O

RandomInteger[{-400, 400}, {n, 4}]

{{-231, 55, 231, 364}, (391, 171, 214, -264}, {272, 184, 21, 306},
{-377, -76, -145, -326}, {299, 151, 126, -363}, {348, 73, 96, 322})
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esq e T

Generating Momenta

0 -1 0 0 0 - 0O 0 0 10 0 0 -1 O 0 0 0 -1

(6] = 10 00 L E[5]= I 0 0O S E[4]= 0 0 01 JE[3]= 00 0 I JE[2] = 00 1 0 i
0 o 0 -1’ o o o 1|’ -1 0 00| 1 0 0 olf 0 -10 o
0 01 0 0 0 -1 0 -1 00 0 -T 0 O 1 0 0 O

RandomInteger[{-400, 400}, {n, 4}] + RandomInteger[{-400, 400}, {n, 4}] I

{{-270 -3711i, -151 +216 i, -290 - 350 i, 17 + 363 i},
{-329 +212 i, 200 - 351 i, 208 - 1721, -374 - 197 i},
(8+71i, 1+3134i, -187 + 1441, -375 - 227 i},

{-261 -2261i, -268 - 183 i, -348 - 260 1, -208 + 112 i},
{-381-5i, 315+3781i, -384 - 2281, -255+98 i},

(-8 +1114i, -295-1291i, 107 -83 i, 141 - 161 i}}
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e

Generating Momenta

0 -1 0 0 0 - 0O 0O 0 10 0 0 -1 O 0 0 0 -1

(6] = 10 00 L E[5]= I 0 0O S E[4]= 0 0 01 JE[3]= 00 0 I JE[2] = 00 1 0 -
0o o 0 -1/ o o o 1|’ -1 0 00| I 0 0 olf 0 -10 o
0 01 0 0 0 -1 O -1 00 0 -T 0O 1 0 0 O

Zs = RandomInteger[{-400, 400}, {n, 4}] + RandomInteger[{-400, 400}, {(n, 4}] I;

Zs[1]

{169 - 2301, 8+1941, -103 +2161, -65+ 137 1}
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e9q 0T

Generating Momenta

0 -1 00 0 - 0O 0 0 10 0 0 -TO0 0 0 0 -1

(6] = 10 00 L E[5]= I 0 0O S E[4]= 0 0 01 JE[3] = 00 0 I JE[2] = 00 1 0 -
0 o 0 -1/’ o o o 1|’ -1 0 00| I 0 0 olf 0 -10 o
0 01 0 0 0 -1 0 -1 00 0 -T 0O 1 0 0 O

Zs = RandomInteger[{-400, 400}, {n, 4}] + RandomInteger[{-400, 400}, {(n, 4}] I;

KroneckerProduct|

Zs[1]

{169 -2301, 8+1941, -103 +2161, -65+ 1371}

Z[a] Zt [b]
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- -
D . G DO

Generating Momenta

0 -10 0 0 -1 0 O 0 0 10 0 0 -1 0 0 0 0 -1
26_1000.25_10 00.24_0001.23_00 01-22-0010-2
[]'000-1’[]'00ox’[]'-looo’[]'zooo'[]'o-loo’

0 010 0 0 -1 0 -1 00 0 -1 0 O 1 0 00

Zs = RandomInteger[{-400, 400}, {n, 4}] + RandomInteger[{-400, 400}, {n, 4}] I;

KroneckerProduct [Zs[1], Zs[2]]

{{-23122-991591, 31520 +125351, 35543 +94701, -53553 +51674 1},
{54430+ 428401, -22070+67401, -22904+100781, 6480 -502101},
{34640 + 780251, -27930-53651, -30761 -22081i, 35975-509801},
{22047 + 493991, -17705-33651, -19495-1361 1, 22733 -323491}}

Zs[1]

rMea 272N A Q. 1042 5 1N 0 7TK 5 &R 127 a0
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Lesq e T

Generating Momenta

0 -100 0 -I 0 O 0 0 10 0 0 -10 0 0 0 -1
z:[a]=1° 0 0 .2[5]=10 0 0-3[4]= 0 0 01.2[3]=00 0 1.2[2]=00 1 0 -

0 0 0 -1|° o 0o 0o 1|’ -1 0 0 of’ I 0 0 off 0 -10 o]’

0 010 0 0 -1 0 -1 00 0 -1 0 O 1 0 00

Zs = RandomInteger[{-400, 400}, {n, 4}] + RandomInteger[{-400, 400}, {n, 4}] I;

Table[Tr[Z[m] .KroneckerProduct[Zs[1], Zs[2]]], {m, 6}]

{-17718 -70574 1, -80626 - 131681, 21710 -232821,
-25088 + 1154001, -19314-783801, 32560-799241}

Zs[1]

{169 - 2301, 8+1941, -103 + 2161, -65+ 137 1}
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Generating Momenta

0 -1 0 0 0 - 0 O 0O 0 10 0 0 -T O 0 0 0 -1
!.‘.6—10 0 0 -}.‘.5-110 0 0_24_0 0 01.23_00 0 I.EZ_OO 1 0] .
(81=10 0 o -1["Z131°T|g o o z|"21%1%|_1 0 o0 o|ZP3%|1 0 o o|"El%1%|0 -1 0 o

0 01 0 0 0 -1 0 0 -1 00 0 -1 0 O 1 0 0 0O
Zs = RandomInteger[{-400, 400}, {n, 4}] + RandomInteger[{-400, 400}, {n, 4}] I;

Xl == &@Table[Tr[E[m] .KroneckerProduct [Zs[1], Zs[2]]], {m, 6}]
[1] + I #[2]
{279300 +96 308 i, -171006 + 147986 1, 193980 - 136362 1,
-180 146 - 86 496 1, 5250 + 3642111, -58330+ 126267 1)
Zs[1]
{169 - 2301, 8+ 1941, -103 +2161, -65+ 1371}
200% » | )
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- -
Y . 94 DO

Generating Momenta

0 -100 0 -1 00O 0O 0 10 0 0 -1 0 0 0 0 -1

Z[6]= 10 0O JZ[5] =1 I0 0O JE[4]= 00 01 s2[3]= 00 0 1 '5[2]= 00 1 0 N
0 0 0 -1|° 0o 0 o0 1|’ -1 0 00| I 0 0 off 0 -10 o]}
0 010 0 0 -1 0 0 -1 00 0 -1 0O 1 0 00O

Zs = RandomInteger[{-400, 400}, {n, 4}] + RandomInteger[{-400, 400}, {n, 4}] I;

X1|== Take[ &@Table [Tr[Z[m] .KroneckerProduct [Zs[1], Zs[2]]], {m, 6}], —4]

[1] + T #[2]

l__{8914564599 85408040731 4298653409 6203670413 i
- 15705789450 5705789450" 5705789450 5705 789 450
13258217389 24109083877 1 8545718993 6111745249 i
11411578900 = 11411578900 ' 11411578900 11411578900}

r

Zs[1]

200% »| €=
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&@Table[Tr[Z[m] .KroneckerProduct([Zs[a]], Zs[Mod[a2+ 1, n, 1]1]1],
[1] + 1 #[2]

{m, 6}], -4

x[6]

{71949700477A712328621611 7418175 453429767 i
1347361040 1347361040 " 269472208 269472208 '
221816475 624836911 527888663 136755811 }
269472208 269472208 " 1347361040 1347361040

Zs[1]

{169 - 2301, 8+1941, -103 +2161, -65+ 1371}

200% »| (€
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NP e
® £ .
10 00 I0 00O
I[6]= 0 0 0 -1 ;E[5]=I 00 0 I ;E[4]=
0 010 0 0 -TO

x[ ] t=
Take[ &@Table[Tr[Z[m] .KroneckerProduct[Zs([2], Zs[Mod[a+ 1, n, 1]]11],
[1] + I #[2]
(m, 6}, -4]

P[a ] :=x[Mod[a+1, n, 1]] - x[a];l

Pla ] := x[Mod[a+1, n, 1]] -x[a];

X[6]

(1949700477 12328621611 7418175 453429767 1

ﬁ 1T2A7 2671 NAN ) 1247261 nan ' 2ca a79 900

260 479 2no !
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&@Table[Tr[Z[m] .KroneckerProduct[Zs[a], Zs[Mod[a+ 1, n, 11111,
[1] + I #[2]

{m, 6}], -4

P[a ] t=x[Mod[a+1, n, 1]] -x[a];

n = DiagonalMatrix ({1, 1, 1, -1}];
P[1]

{ 364051109821387 157 . 7211807094074696549 1
6522 605915352627 400 6522 605915352627 400 '
9171280442114261587 2254750298 7395903911
- +
6522 605915352627 400 6522 605915352627 400 '
2423560892557 642299 5303798523393058993 1
0
6522605915352627 400 6522605915 352627400 '
2862447046539989963 1816418669910588 2591}

6522605915352627400 6522605915352627 400
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eS¢ TON

P[a ] :=x[Mod[a+1, n, 1]] -x[a];

n = DiagonalMatrix[{1, 1, 1, -1}];

Table[P[m].n.P[m], {m, 6}]
Sum[P[m], {(m, 6}]

{0,0,0,0,0,0}

{0,0,0, 0}

P[1][1]% + P[1][2]% + P[1][3]% - P[1] [4]?
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Zs = RandomInteger[{-400, 400}, {n, 4}] + RandomInteger[{-400, 400}, {n, 4}] I;

x| ] &=
Take[ [+ 17021 &@Table[Tr[E[m] .KroneckerProduct [Zs[a]], Zs[Mod|
{m, 6}], -4

P[a_] :=x[Mod[a+1, n, 1]] -x[a];

n = DiagonalMatrix[{1, 1, 1, -1}];

Table[P[m].n.P[m], {m, 6}]
Sum([P[m], {m, 6}]

{0, 0, 0,0, 0,0}

{0, 0,0, 0}

Pirsa: 12120022
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LV o Do

Generating Momenta

0 -1 0 0 0 -1 0 O 0O 0 10 0 0 -TO 0 0 0 -1

(6] = 10 00 L E[5]=I I0 0O LE[4]= 0 0 01 S E[3]= 00 O0 I L5 (2] = 00 1 0 .
0o o 0 -1/’ o o o 1|’ -1 0 00| I 0 0 off 0 -10 o/
0 01 0 0 0 -TO 0 -1 00 0 - 0 O 1 0 0 O

Zs = RandomInteger[{-400, 400}, {n, 4}] + RandomInteger[{-400, 400}, {n, 4}] I;

x[ ] =

Take [ &@Table[Tr[Z[m] .KroneckerProduct[Zs[2]], Zs[Mod[

+1, n, 11111,

[1] + I #[2]
(m, 6}, -4]

P[a ] 1=x[Mod[a+1, n, 1]] -x[2];

n = DiagonalMatrix[{1, 1, 1, -1}];

Table[P[m].n.P[m], {m, 6}]

Pirsa: 12120022
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s 3 | 9 “: o™ “

Generatiﬁﬂg Momenta

0 -10 0 0 -1 0O 0O 0 10 0 0 -10 0 0 0 -1
z[s]=1° 00 -z[5]=xI° 0_2[4]=o 0 °1-z[3]=°° 0 I.z[z]=00 1 0 .

0 0 0 -1|" 0o 0 o 1|’ -1 0 00| I 0 0 off 0-10 0]

0 010 0 0 -1 0 0O -1 00 0 -1 0O 1 0 00

J![ ] i=
Take[ &@Table [Tr[Z[m] .KroneckerProduct[Zs[a], Zs[Mod[2+ 1, n, 1]1]11],
[1] + I #[2]
(m, 6}1, -4]

P[a ] :=x[Mod[a+1, n, 1]] -x[a];

n = DiagonalMatrix([{1, 1, 1, -1}];
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D . 94 DI

Generating Momenta

0 -10 0 0 -1 0 O 0 0 10 0 0 -1 0 0 0 0 -1
2‘.6—1000-1‘.5-110 0.24_0001‘23_00 01.22_0010_‘
[61=10 0 o -1|?2131=%g o o z|?2[%1=|_1 o 0 0|?213)%1 0 o o|?®21%[0 -1 0 o "

0 01 0 0 0 -1 0 0 -1 00 0 -1 0 O l1 0 0 0O
Zs = RandomInteger[{-400, 400}, {n, 4}] + RandomInteger[{-400, 400}, {n, 4}] I;

x[ ]::
Take[ &@Table [Tr[Z[m] .KroneckerProduct[Zs[a], Zs[Mod[2+ 1, n, 1]1]11],

[1] + I #[2]

(m, 6}1, -4]

P[a ] :=x[Mod[a+1, n, 1]] -x[a];

n = DiagonalMatrix([{1, 1, 1, -1}];

200% »| €
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e - - - 2
P S Pe¢e L ¢ " o0 i

Graphics3D@Tube [xs]

200% »| D « >
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MR o [ p7 ¢ TR T eV _

xs = Table[Drop[#, 1] &@Re@x[m], {m, n}] ~Join~ {Drop[#, 1] &@Re@x[1]};

Graphics3D[{Red, Tube[xs, 0.02]}]
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e - . 2
P .9 POC & ¢ 0 . -

Spinors

P /@ Range[n] // MatrixForm // N
l;
-3.84492 - 2.15797 1 -2.52759 - 0.381257 i -1.39375+1.570571 -4.30614 - 1.64228 i
2.76744 +1.038841 1.20857 +0.6855311 0.148157 -1.49131 2.661 +1.30871 1
4,.15343 +0.877485 1 1.0882 -1.66795 i 1.51628 - 0.9601141 4.03348 +0.0926522 i
2.56658 - 0.703406 1 0.91044 + 3.36372 1 2.83749 -1.62773 i 1.97574 - 1.70143 1
1.56671 -2.32637 1 3.33835 -1.30971 -0.802002 + 1.636121 -3.43636 +2.714851
-2.07608 + 3.27143 1 -2.19709 -0.6903381 3.36882 +0.8724621i 3.02375-0.7725021
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pinors

P /@ Range[n] // MatrixForm // N

-3.84492 - 2.157971 -2.52759 - 0.3812571 -1.39375+1.570571 -4.30614 -1.64228 1
2.76744 +1.03884 1 1.20857 + 0.685531 1 0.148157 - 1.49131 2.661 +1.308711

4.15343 + 0.877485 1 1.0882 -1.66795 1 1.51628 - 0.960114 1 4.03348B +0.0926522 1
-2.56658 - 0.7034061 -0.91044 +3.363721 -2.83749-1.627731 -1.97574-1.701431
1.56671 - 2.32637 1 3.33835 -1.30971 -0.802002 +1.636121 -3.43636 +2.714851
-2.07608 + 3.27143 1 -2.19709 - 0.6903381 3.36882 +0.8724621 3.02375 -0.7725021

P[1]

{_75309677858411265__211338376532622251
. 19586 795378651272 9793397689 325636
321797 445962849115 970787529434054051
127314169961 233268 254628339922 466536 '
177444516909824245 49988856312045813 1
1127314169961233268 ~ 31828542 490308317
548233091824 957689 522713682242465601}

r

127314169961 233268 31828542490308317
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P /@ Range[n] // MatrixForm // N

-2.52759 - 0.381257 1
1.20857 +0.685531 1 0
1.0882 -1.66795 i
-0.91044 + 3.36372 1
3.33835 -1.3097 1
-2.19709 - 0.690338 1

-3.84492 - 2.15797 1
2.76744 +1.03884 1
4.15343 + 0.877485 1
-2.56658 - 0.703406 1
1.56671 - 2.32637 i
-2.07608 + 3.27143 1

Pla][1] -P[a][2] I Pla][1]

Lecture December 14.nb

-1.39375 + 1.57057 1

.148157 - 1.4913 1
1.
-2.83749 - 1.62773 1
-0.802002 + 1.63612 i
3.

I+) &I 029 Frill:08AM Q

o O = O § o«

-4.30614 - 1.64228 1
2.661 +1.30871 1
4.03348 + 0.0926522 1
-1.97574 - 1.70143 1
-3.43636 + 2.71485 1
3.02375 -0.772502 1

51628 - 0.960114 1

36882 + 0.872462 1

Ala] = { " 1};Atua]= {

P[a][4] -P[a][3]

211338376532622251
9793397689 325636

97078 7529434054051
254628339922 466 536
49988856312045813 1
31828542490308317
522713682242465601
31828542490308317

r

{ 75309677 858 411 265
19586 795 378 651 272
321797 445962 849 115
127314169961 233268
177444516909 824 245
127314169961 233 268
548233091824 957 689
127314169961 233268

P[a][4] - P[a][3]

-Pla][2] I , 1}

r

r

}

Pirsa: 12120022
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eoq e D

P/@ R&nge[n] // MatrixForm // N

-3.84492 -2.157971 -2.52759-0.3812571 -1.39375+1.570571 -4.30614 -1.642281
2.76744 +1.03884 1 1.20857 +0.685531 1 0.148157 - 1.49131 2.661 +1.30871 1

4.15343 + 0.877485 1 1.0882 -1.66795 i 1.51628 - 0.9601141 4.03348 +0.0926522 i
-2.56658 - 0.7034061 -0.91044 +3.363721 -2.83749-1.627731 -1.97574-1.701431
1.56671 - 2.32637 i 3.33835 -1.3097 1 -0.802002 + 1.63612 1 -3.43636+2.71485 1
-2.07608 + 3.27143 1 -2.19709 -0.6903381 3.36882 +0.8724621 3.02375-0.7725021

P[a]J[1] -P[a][2] I
P[a][4] - P[a] 3]

Do[a[a] = » 1} At[a] = {P[a][1] + P[a][2] T, P[2] (4] - P[a] (31},

(2, n}]

At [2]

{4 028832500288 932545 . 4349082254409601219 1

1935159204 795899218 1935159204 795899 218
2431379513506499299 2709231198295452456 1
967579602397949609 = 967579602397 949 609 }

r
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RAF o e e T

P[a][1] -P[a][2] I
P[a] 4] -P[=][3]

Do[A[a] = { , 1}; At[a] = {P[2][1] + P[] [2] I, P[a][4] - P[a] 31},

{a, n}]
l-P2
{P P I' 1}
P4 - P3
{(P1+P[a][2] I, P[a][4] - P[a] [3]}

1-1iPp2
{.:35;4' }

A very large output was generated. Here is a sample of it

J{('l)‘;-_ - Tr({({(0, 1,0,0},(1,0,0,0},(0,0,0, 1};’.0;0,1,{”}.-41--]

00% »| & Rl
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- K
P o PO DO

- = i
Do (A = r 117 At = {P 1] +P 2] I, P 4] - P 31},
o[ata) = (T - v 1} Atla] = (Plal [0 + Pla] [20 T, P[a] 4] - PL2] 131}

{2, n}

Pl-P21
T Lt LY
P4 - P3

At = {P1 + P2 I, P4 - P3}

(Pl - 1P2 }
l-P3+p4a’

(Pl +1P2, -P3 +P4}

Table[A[a] At [b], {a, 2}, {b, 2}]

(Pl -1P2
| -p3 + P4
Pl - i P2
-P3 + P4’

{:{Pl+iP2, P3 + P4} [1] ,1}[1],{pl+ipz, p3 .+ pa)2) [ Bt lpz,l}m},

L -P3 + P4

{{Pl +1P2, -P3 + P4} [1] { 1}[2], (Pl +1iP2, -P3 +P4}[2] {Pl’jpz 1}{2]}}

-P3 +P4 "’

200% ] €
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- - - -_— A [
P _ 9 PDee L ¢ o0 .

S

{Pl-PZI 1}
“ LU psg-p3
At = {P1 +P21I, P4 - P3}

(B2, 1}

{P1+1P2, -P3 + P4}

Table [A[a] At[b], {a, 2}, {b, 2}] // FullSimplify[#, {P1% + P2? + P3? - P4’ == 0}] &

{: P1% 4+ p2°?

| =7 pl-lpz}, (Pl + i P2, -P3+P4}}

Pl

00% »| & Rl
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LV _ S Pee

Spinors

P /@ Range[n] // MatrixForm // N

-3.84492 - 2.157971 -2.52759 -0.38B12571 -1.39375+1.570571 -4.30614 -1.642281
2.76744 +1.03884 1 1.20857 + 0.685531 1 0.148157 - 1.49131 2.661 +1.308711
4.15343 +0.877485 1 1.0882 -1.66795 1 1.51628 - 0,.960114 1 4.03348 + 0.0926522 1
-2.56658 - 0.7034061 -0.91044 +3.363721 -2.83749-1.627731 -1.97574-1.701431
1.56671 -2.32637 1 3.33835-1.30971 -0.802002 +1.636121 -3.43636+2.714851
-2.07608 + 3.27143 1 -2.19709 -0.6903381 3.36882 +0.8724621 3.02375-0.7725021

P[a][1] -P[a][2] I
P[a][4] - P[2][3]

Do[Aa] = { , 1}; At[a] = (P[a][1] + P[2][2] T, P(

{2, n}]

Det[{A[a], A[b]}]
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P /o Range(n) // MatrixForm // N

3812571 1.39375 + 1.57057 4.30614 l.64228
1,03884 L20857 « 0.685531 0.148157 . 2,661« 1,30871
0.877485 1 1.0882 1.66795 .51628 0.960114 4.03348  0.0926522
) L9044 + 3,36372 2.83749 - 1.6277) 1.97574
L33835 . 3097 0.802002 63612 4 1.43636
2.19709 0,6903381 3,36882 + 0.872462 1,02375

o1 o (2 IOELIOIOES 15 A6C] = (P(a] 030 + L1 T, P1a] 081 - PLa1 D3N] Hodges et al formulae.nb The othe

P(a) 4] - P[] (3]

[,n-.

Yi>Deat[{A[xa], A[
) 1> Dat[(A[a], A[b]})
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L ] D . 94 DO

P /@ Range[n] // MatrixForm // N

3.84492 - 2.157971 -2.52759 -0.381257 1 1.39375 +1.570571 -4.30614 -1.64228 1
2.76744 +1.0388B4 1 1.20857 + 0.685531 1 0.148157 - 1.49131 2.661 +1.30871 1
4.15343 + 0.877485 1 1.0882 -1.66795 1 1.51628 - 0.9601141 4.03348 +0.0926522 i
-2.56658 - 0.7034061 -0.91044 +3.363721 -2.83749-1.627731 -1.97574-1.701431
1.56671 - 2.32637 1 3.33835 -1.30971 -0.802002 +1.63612 1 -3.43636 +2.714851
-2.07608 + 3.27143 1 2.19709 - 0.6903381 3.36882 +0.8724621 3.02375-0.772502 1

Pa][1] - P[a][2] I

A = r 113 At = 1 2] I, 4] - 31},
po[ata] = {1} At(e] = (P(al[10 + P(a] (2] T, P(a][4] - P(=] 131}
{2, n}]
rep = {(a_, b_)=»Det[{A[a], A[L1}], lla_, b_|l = Det[{At[a], AL[5]}]};

(a_, b_) :>Det[{A[a], A[b]}]
(a_, b_) :>Det[{A[a], A[b]}]
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- :
D . 98 DO

-3.84492 - 2.15797 1 -2.52759 -0.381257 1

2.76744 +1.03884 1 1.20857 + 0.685531 1
4.15343 + 0.877485 1 1.0882 -1.66795 1 1.51628 - 0.9601141 4.03348 +0.0926522 i

-2.56658 - 0.703406 1 -0.91044 +3.363721 -2.83749-1.627731 -1.97574-1.70143 1
1.56671 - 2.32637 1 3.33835 -1.30971 0.802002 + 1.63612 1 3.43636 +2.71485 1

-2.07608 + 3.27143 1 -2.19709-0.6903381 3.36882 +0.8724621 3.02375-0.7725021

‘ Mathematica File Edit Insert Format Cell Graphics

" Yale

-1.39375 +1,570571 -4.30614 -1.64228 1
0.148157 - 1.49131 2.661 +1.30871 1

P[a][1] -P[a][2] I
1};:\*-[ 1 ={P[a]@1] +P[a][2] I, P[a][4] - P[] [3]},

Polldtatieg P[a][4] - P[2] [3]

{2, n}]

rep={(a_, b )= Det[{A[a], A[L]}], lla_, b_|l=»Det[{At[a], AL [L]}]};

Gluons

1
(B

Page 75/90
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-
D . G DO

-3.84492 - 2.157971 -2.52759 -0.3812571i -1.39375+1.570571i -4.30614 -1.642281
2.76744 +1.03884 1 1.20857 + 0.685531 1 0.148157 - 1.49131 2.661 +1.30871 1

4.15343 +0.877485 1 1.0882 -1.66795 1 1.51628 - 0.9601141 4.03348 + 0.0926522 1
2.56658 - 0.703406 1 0.91044 + 3.36372 1 2.83749 -1.62773 1 -1.97574 - 1.70143 1
1.56671 - 2.32637 1 3.33835 -1.30971 -0.802002 +1.63612 1 -3.43636 +2.714851
-2.07608 + 3.27143 1 -2.19709 -0.6903381 3.36882 +0.8724621 3.02375-0.7725021

P[a]J[1] -P[a][2] I

Do[a[a] = { » 1} At[a] = {P[a][1] + P[a][2] T, P[a] (4] - P[a] (31},
P(a][4] - P[] [3]
{2, n}]
rep = {(a_, b_)»Det[{A[a], A[b]}], lla_, b_|l» Det[{At[a], At[b]}]};
Gluons
1

(1, 2)(2,3)..(n, 1)
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. ¢ o0l _TO N MTHNNNSGS .

» Dat [ { . ’ ’ = Det

Pirsa: 12120022 Page 77/90



ﬁ Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help o @ = O @ |+ &I 025 Frill:leAM Q
& NN Lecture December 14.nb

L9 P .9 P L ¢ 00 . -

P[a][1] -P[a][2] I

A = r 115 At = 1 2] 1, 4] - 31},
bo[Ala) = { T 1) Atle] = (Plal [0 + P(a] 20 T, P(e] 4] - P] 131}
{a, n}
rep = {(a_, b_) = Det[{A[a], A[b]}], lla_, b_|l » Det[{At[a]l, AL[5]}1};s
Gluons
1

(1, 2)(2,3)...4(n, 1)
Hodges

A[1l] ={1, 2}; A[x] ={(1/7, 1/8};

= ' ' v 1 '
ﬁ:Table[If[ =1, azle[ =1i, 0, I(' ' I;: 'i;: ,1;]’ i(l ' 2]: {1, n}, { :n}];

[ ’ ’ 10 r ’ ] =
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A - -~ o . E—
| oI L ¢ "o TN
rep={(a_, b )= Det[{A[a], A[B]}], lla_, b_|I-»Det[{At[a], AL[D]}]};
Gluons
1

(1, 2) {2, 3) «.. {(n, 1)

Hodges

Al[l] = ({1, 2}; A[x] =(1/7, 1/8};l f

§=Table[1f[ =3, -lef[ =1, 0, |<| : 2: :iiz :i;]; l(l : l;]: {i, n}, { rn}];

¢[ ’ r ][ ’ ’ ]==
[DetODelete[Delete[ﬁ /. vep, {{cl}, {c2}, {c3}}])7, {{(rl}, (r2}, { }}]]

(cl, c2) (c2, c3) (c3, c1) (rl, r2) (r2, r3) (r3, rl) /. rep

-
’

(hodges = ¢[1, 2, 3]1[2, 3, 4] // Simplify) // N[#, 20] &
(¢[1, 2, 5][2, 4, 5] // Simplify) // N[#, 20] &
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- -

Gluons

1
(1, 2) (2, 3)...(n, 1)

Hodges

A[1l] = {1, 2}; A[r] ={1/7, 1/8};

Q:Table[If[ =1, -ng[ =1i, 0, l(' : 2: ::;2 :i;], i(l : L}], (i, n}, { ,n}];

o[ r r 110 ’ ’ ] :=
[Det@Delete[Delete[Q/. rep, {{c1}, {c2}, {c3}}17, {{r1}, (r2}, ( }}]]

(cl, c2) (c2, c3) (c3, cl) (rl, r2) (r2, r3) (r3, rl) /. rep

r

(hodges = ¢[1, 2, 3][2, 3, 4] // Simplify) // N[#, 20] &
(6[1, 2, 5]([2, 4, 5] // Simplify) // N[#, 20] &
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o O W O <& | G024 Frill:18AM Q

e -
@ o __
Al = ’ r ={i1/7, 1 }?
lll "('rr)<rl> r ”
& = Table|If =3, - If =1i,0,
stiejze| Z,E | (i, k) (i, £y (i, 1) T

o[ ’ r 10 r ’ ] :=

]+ tis ), {3, m}]s

(Det@belete[belete[ﬁ/. rep, {{c1}, {c2}, {c3}}]17, ((

{(cl, c2) (c2, c3) (c3, c1) (rl, r2) (r2, r3)(

(hodges = ¢[1, 2, 3][2, 3, 4] // Simplify) // N[#, 20] &
(6[1, 2, 5]([2, 4, 5] // Simplify) // N[#, 20] &

-3.998084411783885729 + 32.430289114725088987 1

-3.998084411783885729 + 32.430289114725088987 1

}o (r2}, { }}]]

-
r

y /. rep
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esq e T

A[l] = (1, 2}; A[r] =(1/7, 1/18};

ﬁ:Tahle[If[ == ,-Z}If[ =1, 0, |<|: 2::2::1;]'

11, 3
(1, 3

]+ tis ), {3, m}]s

¢ ’ ’ 10 ’ ’ ] :=
[Detenelete[nelete[ﬁ /. vep, {{cl}, {c2}, {c3}}]17, {{r1}, (r2}, { }}]]

(cl, ) {c2, ) {c3, ) (rl, ) (r2, ) (r3, ) /. rep

-
r

(hodges = ¢[1, 2, 3]1([2, 3, 4] // Simplify) // N[#, 20] &

-3.998084411783885729 + 32.430289114725088987 1

-3.998084411783885729 + 32.430289114725088987 1
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esq e T

al%]
All] = (1, 2}; A[r]={(1/7, 1/18};

ﬁ:Tahle[If[ == ,-Z}If[ =1, 0, |<|: 2:::;::1;]'

i, 3l
(1, 1)

]+ tis ), {3, m}]s

o[ ’ ’ 10 ’ ’ ]:=
[Detenelete[nelete[ﬁ /. vep, {{cl}, {c2}, {c3}}]7, {{r1}, (r2}, { }}]]

(cl, ) (c2, ) {(c3, ) (rl, ) (r2, ) (r3, > /. rep

(hodges = ¢[1, 2, 3]1([2, 3, 4] // Simplify) // N[#, 20] &

-3.998084411783885729 + 32.430289114725088987 1

-3.998084411783885729 + 32.430289114725088987 1
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- -

nu

A[1l] = (1, 2}; A[r] ={1/7, 1/18};

o @D = O

! < [+ G ©22) Frill2lAM Q

]+ tis ), {3, m}]s

(hodges = ¢[1, 2, 3][2, 3, 4] // Simplify) // N[#, 20] &
(6[1, 2, 5]([2, 4, 5] // Simplify) // N[#, 20] &

-3.998084411783885729 + 32.430289114725088987 1

-3.998084411783885729 + 32.430289114725088987 1

2 i, k|t {k, ) {k, 1) e 3l
& = Table|If =3, - If =1, 0, F
[ Zl" | <,><,r><,1>] , 3
é[ ’ ’ ][ ’ ’ ] =
[Detenelete[nelete[ﬁ /. vep, {{cl}, {c2}, {c3}}]17, ({r1}, {(r2}, {
(cl, ) {(c2, ) {c3, ) (rl, ) (r2, ) (r3, > /. rep

Pirsa: 12120022

}}1]_ ;

Page 84/90



‘ Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help o @ = O § ¢ I+ &P 0:22) Frill22AM Q
& MNON Lecture December 14.nb

Det@Delete[Delete(® /. rep, {{cl}, {<2}, {c3}}]", {{r1}, {2}, {¥3}}])_
(cl, c2) {c2, c3) {c3, cl) (rl, r2) (r2, r3) (r3, rl) /. rep :

(hodges = ¢[1, 2, 3]1[2, 3, 4] // Simplify)

-11071281553505106047642501132308383954594880902893879410509 745431558062 993
537541476 440602 325442 658770609670463358688720271596004736232689465391399 -
885657 185951726 865950642087 136440674498 686462 440159815114009783915754391 -
331543552368414277365034385400507399813601170470775983218131986710386577 -
981495086 200689 396918548297 632052 236390229836662163286408898093929578609 -
298570049889999793053916908842645753609007330957557633491995137513881875"
608 265121858081 390318030084807832603749894783316606976/

2769146524489027754611650156534680982744548431649589279040617781 442685
145882738845080610817 336569995045804397435522246771750043022350130024 -
066422920318390875341034292642968992543 724464 221436746268649374882852 -
795748136815135601173171233432230648396847482224565212 142369660709 320
944 156274771095242404036058943623413389961895659111932278736079000876 -
111487399503039463766473223146031770311685808445642396834247 203494896
859436101 288851751056 134135403335459839260125976 108467 725326866290514 -
225 +

(269412667 170645986550001 367269583463 156547004907 237100379465458912554716 -
193577269310772637409313487519886897956 444387 265290385199035738342 868
932476 795796438800002137153750234558634359348992152511738648033561572

TTANOIANTO ACT 10T AT EEN NACACAD TN ATIE AT OAN O AT ANDD AN YN FOIN CFeMA AR T YN
200% » f )
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® S99 o TRV |

2-2Cos // TreeForm, 4 Sin E E // TreeForm
{ (e} i }

Plus Times

4 Power

2 Times
Sin 2

——
-
—

Times
2 Cos

Rational P

Pirsa: 12120022 Page 86/90



‘ Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help o 0D = O 4 |s] (= (Charged) Frill:32AM Q
& NN Lecture December 14.nb

e - e R .~ N AT
P .9 Pe & ¢ o9 * -

matrix = RandomInteger[{-10, 10}, {4, 4}] + I RandomInteger[{-10, 10}, {4, 4}];

. matrix + matrix"
matrixH = N@ 2 ’

U = Eigenvectors @matrixH

{{-0.224504 + 0.48112 1, -0.091056 - 0.346092 1, -0.337933 +0.6433771, -0.248834},
{-0.227489 + 0.353964 1, 0.648485 - 0.331543 1, 0.491079 -0.0927447 1, 0.206747},
{0.488369 - 0.319517 1, 0.297601 - 0.2530251, -0.260798 + 0.386457 1, 0.538007},
{-0.348898 + 0.280632 1, -0.40705 +0.1523091, -0.0582067 - 0.0368044 1, 0.778386} }

U.matrixH.IveriTranspose [U]

.01446 +7.77431 1, 4.70823 +0.3746891, -2.71361 -0.5327281, 0.558654 +0.614004 1},
.96128 +0.47441 1, -5.35194 +7.125181, 0.967337 +1.46304 1, 0.497898 - 0.16062 1},
.82676 + 0.947577 1, -1.35895 -2.05533 1, 2.74419 -4.93896 1, -1.35722 -1.82939 1},
.55069 +1.70433 1, 1.09154 - 0.3521281, 2.11799 + 2.85483 1, -3.78015 + 1.503391}}

Lol = L B |
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- - P
R P s "0

P TOMMA W A A
matrixH = N@ F
2

U = Transpose @Eigenvectors @matrixH;

Inverse[U] .matrixH.U

{{-13.2253 -1.82589x10 i, -8.88178x10 *® +1.20606x10 *° i,
3.55271x10 '° -5,05048x10 *®i, -3.55271x10 *° - 2.44286x10 ' i},
{-1.55431x10 *° -3.69556x10 '® i, -10.4454 + 8.26252x10 '* i,

7.32747x10 *° +1.17112x10 ** i, 3.55271x10 '° - 1.09357x10 *° i},
{6.10623x10 ** - 8.65819x10 '*i, -6.21725x10 '° - 3.70422x10 ** i,
7.43529 - 3.03452x10 ' i, -1.5099x10 ' +3.88372x10 '° i},
{-3.21965x10 ** -2.86313x10 '® i, 2.66454x10 '° +1.18504x10 ** i,

2.08722x10 ' -7.7172x10 **i, -4.76458 - 1.79299x10 ¢ i}}
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— -
g L ¢ "0 "}

matrix = RandomInteger[{-10, 10}, {4, 4}] + I RandomInteger[{-10, 10}, {4, 4}];

matrix + matrix"

2

matrixH = N@

.
4

U = Transpose@Eigenvectors @matrixH;

Inverse [U] .matrixH.U // Chop

{{-13.2253, 0, 0, 0}, {0, -10.4454, 0, 0}, {0, O, 7.43529, 0}, {0, 0, O, -4.76458})
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—_— ==
DI L ¢ "0 T}

matrix = RandomInteger[{-10, 10}, {4, 4}] + I RandomInteger[{-10, 10}, {4, 4}];

matrix" - Transpose@Conjugate@matrix;

: matrix + matrix"
matrixH = N@ 2 ’

U = Transpose @Eigenvectors@matrixH;

Inverse[U] .matrixH.U // Chop

{{-13.2253, 0, O, O}, {O, -10.4454, 0, O}, {O, O, 7.43529, O}, {O, O, O, -4.76458}}
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