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Abstract: A wiki is an excellent tool for organizing and representing human knowledge. By building a persona wiki notebook, a scientific
researcher may optimally organize past and current research notes. In this brief practical introduction | will provide a guided tour of an open
scientific notebook -- physicswiki.org -- and discuss the design considerations, features, and content of this open source wiki.
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Advantages of a Wiki

e natural concept organization

&

many interlinked concepts

&

ideal for research notes (rapid editttttting)

¢ educational tool

o deep definitions

e Open source science
o or private notebook
o collaboration
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The building blocks of the standard model and gravity are fieids over a four dimensional base manifoid. The electroweak a
fieids are described by Lie aigebra valued connection 1-forms.

while the gravitational fields are described by the spin connection.

ilom} in \HsoH3, 1) =\HCIH2{3.1)

&S

a Clifford bivectar valued 1-form. and the frame, S\He} \in \#{CIH}*1(3.1)5. a Clifford vector valued 1-form. The frame may t
a multiplet of Higgs scalar fields, S\phS, to interact with the electroweak gauge fields and fermions to give them masses. T1
represented as Grassmann vaiued spinor fields, 5\ ‘\walnu}} e, ‘ud{e}, ‘wd{u}, \dots \}3, with the spin connection and gau
on them in fundamental representations. The electroweak S\{W}2 acts on doublets of left chiral fermions, 3\ [ ‘\wd{\nu}} {
‘dots \}S; the strong 3\i{g}S acts on tripiets of red, green, and bilue colored quarks, 3V [ ‘wd{u}:}r, wd{u{}g, wd{u{*b .}
electroweak 3\H{B}S acts on ail with an interesting pattern of hypercharges. The left and right chiral parts of the gravitationa
connection, S\i{\om}3, act on the frame and on the left and right chiral fermions. This structure, depicted in Figure ‘\re¥{ptsn
over three generations of fermions with different masses.

This diverse collection of fields in various algebras and representations is. inarguably, a mess. It is difficult at first to believe
unified as aspects of a unigue mathematical structure — but they can. The gauge fieids are known to combine naturaily as
a grand unified theory with a larger Lie group, and we continue with unification in this spirit. The spin connection, frame, an
groups. the fermions may also be recast as Lie algebra elements and included naturally as parts of a BHST extended conr
‘cite{Lisi,Holt} The result of this program is a single principal bundle connection with everything,

\begin{equation}

\begin{array-rci}

‘udf{ A} &=&\ha \iNom} +\r{1 {4} \Hel \ph +\HB} + \HW} +\Hg} +'wp{{}_{(big{}} "\

fl && + ', \big( ‘wd{'\nu}}_e + ‘wd{e} + ‘wd{u} +‘\wd{d} \big)
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while the gravitational fields are described by the spin connection.
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\{l\om} \in \HsoH3.1) =\HCIH*2(3.1)

S5

a Clifford bivector valued 1-form, and the frame, 5\He} \in \#{CIH{}*1(3.1)S, a Clifford vector valued 1-form. The frame may t
a multiplet of Higgs scalar fields, S\ohs, to interact with the electroweak gauge fields and fermions to give them masses. T1
represented as Grassmann valued spinor fields, 5\ \wd\nu}}_e, wd{e}, ‘wdiu}, \dots \}5, with the spin connection and gau
on them in fundamental representations. The electroweak S\{W}S acts on doublets of left chiral fermions, 3\ [ ‘wd{\nu}} {
\dots \}S; the strong S\H{g}S acts an triplets of red, green. and blue colored quarks, 5\ [ ‘wd{u}H M, ‘wdiuH g, wdiuH{ b 1.
electroweak ¥ B}S acts on all with an interesting pattern of hypercharges. The left and right chiral parts of the gravitationa
connection, S\{\om}3, act on the frame and on the left and right chiral fermions. This structure, depicted in Figure ‘\ref{ptsn
over three generations of fermions with different masses.

This diverse collection of fields in various algebras and representstions is, inarguably, a mess. It is difficult at first to beliewe
unified as aspects of a unique mathematical structure — but they can. The gauge fields are known to combine naturally as
a grand unified theary with a larger Lie group, and we continue with unification in this spirit. The spin connection, frame, arn
groups, the fermions may also be recast as Lie algebra elements and included naturally as parts of a BRST extended conr
\cite{Lisi,Holt} The result of this program is a single principal bundle connection with everything,

\begin{equation}

\begin{array{rci}

\wdf{A} B=& \ha \{lom} +\fr{144} \He} \ph + \{B} + \H{W} +Hg} +wp{{} Dbig{}} W

= &8 +\ \big{ \ud{\nu}l} e +‘ud{e} + ‘wd{u} +‘\ud{d} \big)
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electroweak S\ B}S acts on all with an interesting pattern of hypercharges. The left and right mrral parts of the gravitations
connection, 3\i\om}3, act on the frame and on the left and right chiral fermions. This structure, depicted in Figure \ref{ptsn
over three generations of fermions with different masses.

This diverse collection of fields in various algebras and representations is, inarguably, a mess. It is difficult at first to beliewv:
unified as aspects of a unique mathematical structure - but they can. The gauge fieids are known to combine naturaily as
a grand uniﬁed theory with a larger Lle group, and we mntinue wil:h unification En this ap'rrit. The spin mnn&cﬁnn frame. an
groups. the fermions may also be recast as Lie algebra elements and included na:ruraﬂy as parts of a BRST extended conr
\cite{Lisi,Hoit} The result of this program is a single principal bundie connection with everything,

\begin{equation}

\begin{arrayHrci}

\wdf{A} &=8& \ha \ilom} +\ir{1 44} \{{e} \ph + \HB} + \{W} + \Hg} + wp{{}_{big(}} W\

&& +\, \big( \udl\nu}{}_e +‘ud{e} + \wd{u} +‘\udi{d} \big)

+\big( \wdnu}_\mu +\wd{\mu} +\ud{c} + \wdis} \big)

+\big{ WwdinuH}_\ta + \ud{iz} + \udit} + wd{b} \big)

\end{array}

\labelbigA+

\end{equation}

In this connection the bosonic fields, such as the strong S\i{g)=\{{dx"i} g_i"{\p{i}A} T_AS, are Lie aigebra valued 1-forms, a
fields, such as Swd{u} =‘wd{u}{}*A T_AS, are Lie aigebra valued Grassmann numbers. (These Grassmann fieids may be
ghosts of former gauge fields, or accepted 3 priori as parts of this superconnection.) N

The dynamics are described by the curvature,

@ ‘begin{equation}
B \izbel biaF}
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8l = isting Tags and note population: described by Lie algebra valued connection 1-forms,
- 0 (74
!.. hr{ﬂ {i} Wesu(2) Beu(l) gesu(l)
= cartan (10)
P dh:ﬂ{rfjiﬂl while the gravitational fields are described by the spin connection,
= co
= — 2
4 =2 w€ 50(3,1) = CP(3,1)
N o a Clifford bivector valued 1-form, and the frame, e € CI'(3, 1), a Clifford vector
a E’f'i‘a‘i’f;}“] valued 1-form. The frame may be combined with a multiplet of Higgs scalar
gm (2) fields, ¢, to interact with the electroweak gauge fields and fermions to give them
gut (1) masses. [he fermions are represented as Grassmann valued spinor fields,
~ EZ’;S{(Z%] {ve, e, u, . . . }. with the spin connection and gauge fields acting on them in
i 'Fnglg éf; fundamental representations. The electroweak W acts on doublets of left chiral
Sl ki (14) fermions, {[v.;,€;],...}: the strong g acts on triplets of red, green, and biue
- lag (10) -
- :I-::E Eijﬁl colored quarks, {[u", u?, zf[, ... }: and the electroweak B acts on all with an
E nat (58) interesting pattemn of hypercharges. The left and right chiral parts of the
& ;:E::éﬁ; gravitational spin connection, w, act on the frame and on the left and right chiral
® pb(16) fermions. This structure, depicted in Figure ref{ptsm}, is repeated over three
s person (8) generations of fermions with different masses.
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et 58) interesting pattern of hypercharges. The left and right chiral parts of the
Eﬁﬁi{?ﬂ gravitational spin connection, w, act on the frame and on the left and right chiral

pb (16) fermions. This structure, depicted in Figure ref{ptsm}, is repeated over three

ﬂ;f?;" () generations of fermions with different masses.
g
i (4
&?Q‘eﬂég} This diverse collection of fields in various algebras and representations is,

sm (12) inarguably, a mess. It is difficult at first to believe they can be unified as aspects
SR of a unique mathematical structure — but they can. The gauge fields are known
sym (66) to combine naturally as the connection of a grand unified theory with a larger Lie
topa (1) group, and we continue with unification in this spirit. The spin connection, frame,
and Higgs may be viewed as Lie algebra elements and included as parts of a
"graviweak” connection. Relying on the algebraic structure of the exceptional Lie
groups, the fermions may also be recast as Lie algebra elements and included
naturally as parts of a BRST extended connection.cite{Lisi,Holt} The result of this
program is a single principal bundle connection with everything,

A = wtied+B+W+g+

(bigA)

+(e+etutd +(utnrets)+(pr+THE+D)
In this connection the bosonic fields, such as the strong g = d_zing__i. are Lie

algebra valued 1-forms, and the fermionic fields, suchas u = uAT_h.l, are Lie

algebra valued Grassmann numbers. (These Grassmann fields may be
considered ghosts of former gauge fields, or accepted a priori as parts of this
superconnection.)
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AbnutITags Symbals To Do pm of paper
- - B The building blocks of the standard model and gravity are fields over a four
i3 Contents i Latest R E AL dimensional base manifold. The electroweak and strong gauge fields are
PABl Existing Tags and note population: described by Lie algebra valued connection 1-forms,
0 (74
a brist {i} Wesu(2) Beu(l) gesu(3d)
7 cartan (10)
) dif;!l{r;ﬂj (44) while the gravitational fields are described by the spin connection,
= co
z _ 2
~ w € 50(3, 1) = CF(3,1)
N a Clifford bivector valued 1-form, and the frame, e € CI'(3, 1), a Clifford vector
a E?i{iggﬂliﬂ valued 1-form. The frame may be combined with a muitiplet of Higgs scalar
gmmj (2) fields, ¢, to interact with the electroweak gauge fields and fermions to give them
gut (1) masses. [he fermions are represented as Grassmann valued spinor fields,
> :Z’;;f%] {ve, e, u,. ..}, with the spin connection and gauge fields acting on them in
A ':IT*: Ef)l fundamental representations. The electroweak W acts on doublets of left chiral
— i
ol i (14) fermions, {[v.;,e;],...}: the strong g acts on friplets of red, green, and blue
- lag (10) N
- :_I'fi glﬁl colored quarks, {|u”, u?, r;b[, ... }; and the electroweak B acts on all with an
= nat (58) interesting pattem of hypercharges. The left and right chiral parts of the
= gg‘:_’é‘:%? gravitational spin connection, w, act on the frame and on the left and right chiral
® pb(16) fermions. This structure, depicted in Figure ref{ptsm}, is repeated over three
' person (8) generations of fermions with different masses.
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The building blocks of the standard model and gravity are fields over a four dimensional base manifold. The
electroweak and strong gauge fields are described by Lie algebra valued connection 1-forms,

Wesu(2) Beu(l) gesu(3)
while the gravitational fields are described by the spin connection,
w € 50(3,1) = CI*(3,1)

a Clifford bivector valued 1-form, and the frame, e € QII (3, 1). a Clifford vector valued 1-form. The frame may be

combined with a multiplet of Higgs scalar fields, ¢, to interact with the eleciroweak gauge fields and fermions to
give them masses. The fermions are represented as Grassmann valued spinor fields, {ve, e, u, . . . }. with the spin

connection and gauge fields acting on them in fundamental representations. The electroweak W acts on doublets
of left chiral fermions, {|v,;, €], .. .}: the sirong g acts on triplets of red, green, and blue colored quarks,

{[«",u? u’],...}; and the electroweak B acts on all with an interesting pattern of hypercharges. The left and right

chiral parts of the gravitational spin connection, w, act on the frame and on the left and right chiral fermions. This
structure, depicted in Figure ref{ptsm}, is repeated over three generations of fermions with different masses.

This diverse collection of fields in various algebras and representations is, inarguably, a mess. It is difficult at first
to believe they can be unified as aspects of a unique mathematical structure — but they can. The gauge fields are
known to combine naturally as the connection of a grand unified theory with a larger Lie group, and we continue
with unification in this spirit. The spin connection, frame, and Higgs may be viewed as Lie algebra elements and

2 O594Rided as parts of a "graviweak” connection. Relying on the algebraic structure of the exceptional Lig#gfitips, the

fermions may also be recast as Lie algebra elements and included naturally as parts of a BRST extended
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The building blocks of the standard model and gravity are fields over a four dimensional base manifold. The
electroweak and strong gauge fields are described by Lie algebra valued connection 1-forms,

Wesu(2) Beu(l) gesu(3)
while the gravitational fields are described by the spin connection,
w € so(3,1) = CI*(3,1)

a Clifford bivector valued 1-form, and the frame, e € @1(3, 1), a Clifford vector valued 1-form. The frame may be

combined with a multiplet of Higgs scalar fields, ¢, to interact with the electroweak gauge fields and fermions to
give them masses. The fermions are represented as Grassmann valued spinor fields, {ve, e, u, . . . }. with the spin

connection and gauge fields acting on them in fundamental representations. The electroweak W acts on doublets
of left chiral fermions, {|v,, €], .. .}: the strong g acts on triplets of red, green, and blue colored quarks,

{[u”, v, r;b], . . .} and the electroweak B acts on all with an interesting pattern of hypercharges. The left and right
chiral parts of the gravitational spin connection, w, act on the frame and on the left and right chiral fermions. This
structure, depicted in Figure ref{ptsm}, is repeated over three generations of fermions with different masses.

This diverse collection of fields in various algebras and representations is, inarguably, a mess. It is difficult at first
to believe they can be unified as aspects of a unigue mathematical structure — but they can. The gauge fields are
known to combine naturally as the connection of a grand unified theory with a larger Lie group, and we continue
with unification in this spirit. The spin connection, frame, and Higgs may be viewed as Lie algebra elements and
included as parts of a "graviweak” connection. Relying on the algebraic structure of the exceptional Lie groups, the
fermions may also be recast as Lie algebra elements and included naturally as paris of a BRST extended
connection.cite{Lisi,Holt} The result of this program is a single principal bundle connection with everything,
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~ a Clifford bivector UEIUEG ‘I-TD[T‘I"I and the TI"EII'!"IE € € LE {d lj "a Clitford vecior value.—d T-form. TI‘IE frame may be

combined with a muliiplet of Higgs scalar fields, ¢, to interact with the eleciroweak gauge fields and fermions to
give them masses. The fermions are represented as Grassmann valued spinor fields. {ve, e, u, . . . }. with the spin

connection and gauge fields acting on them in fundamental representations. The electroweak W acts on doublets
of left chiral fermions, {[v,.,€e.], ...} the strong g acts on friplets of red, green, and biue colored quarks,

{[u’, f_;b], ... }; and the electroweak B acts on all with an interesting pattern of hypercharges. The left and right

chiral parts of the gravitational spin connection, w, act on the frame and on the left and right chiral fermions. This
structure, depicted in Figure ref{ptsm}, is repeated over three generations of fermions with different masses.

S - A -

]
3

This diverse collection of fields in various algebras and representations is, inarguably, a mess. It is difficult at first
to believe they can be unified as aspects of a unique mathematical structure — but they can. The gauge fields are
known to combine naturally as the connection of a grand unified theory with a larger Lie group, and we continue
with unification in this spirit. The spin connection, frame, and Higgs may be viewed as Lie algebra elements and
included as parts of a "graviweak” connection. Relying on the algebraic structure of the exceptional Lie groups, the
fermions may also be recast as Lie algebra elements and included naturally as paris of a BRST extended
connection.cite{Lisi,Holt} The result of this program is a single principal bundle connection with everything,

A = jwtiept+B+W+g+

F
%
B
-~
-

(bigA)
+(@etetutd) +(vutptets)+(vr+7+t+0b) .

In this connection the bosonic fields, such as the strong g = dg:"glf‘lT__l, are Lie algebra valued 1-forms, and the

fermionic fields, such as u = uATA. are Lie algebra valued Grassmann numbers. (These Grassmann fields may
be considered ghosts of former gauge fields, or accepted a priori as parts of this superconnection.)
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| The building blocks of the standard mode! and gravity are fields over a four dimensional base manifold. The electroweakand
' strong gauge fields are described by Lie algebra valued connection 1-forms,

|

|‘£‘V}'ﬁin \f{sul2) \quad \f{B} \in W{u}(1) \quad \f{g} \in \f{su}3)

|while the gravitational fields are described by the spin connection,
33

Eom} \in \{sa}(3.1) =W{CI}{}"2(3,1)

a Clifford bivector valued 1-form, and the frame, $\f{e} \in WCI}{}*1(3,1)3, a Clifford vector valued 1-form. The frame may be

combined with a muitipiet of Higgs scalar fields, $\ph$, to interact with the electroweak gauge fields and fermions to give them |

masses. The fermions are represented as Grassmann valued spinor fields, $Y{ \ud{\nu}} e, \ud{e}, \ud{u}, \dots }$, with the spin|

connection and gauge fields acting on them in fundamental representations. The electroweak $\f{W}$ acts on doublets of left
‘chiral fermions, $\{ [ \wd{nu}{} {eL}, \ud{e}{} L ]. \dots \}$; the strong $\f{g}$ acts on triplets of red, green, and biue colored
'quarks, 3 [ \ud{u}{}*r, \udfu}i*g, wd{u}}*b ], \dots }3; and the electroweak $\f{B}$ acts on all with an interesting pattem of o
|h3rpert:hargas.Th&Ieﬂ:and right chiral parts of the gravitational spin connection, $\{flom}$, act on the frame and on the left and
 right chiral fermions. This structure, depicted in Figure \ref{ptsmy}, is repeated over three generations of fermions with different
masses.

|This diverse collection of fields in various algebras and representations is, inarguably, a mess. It is difficult at first to believe .
they can be unified as aspects of a unigue mathematical structure — but they can. The gauge fields are known to combine
naturally as the connection of a grand unified theory with a larger Lie group, and we continue with unification in this spirit. The

' spin connection, frame, and Higgs may be viewed as Lie algebra elements and included as parts of a "graviweak” connection. |
Relying on the algebraic structure of the exceptional Lie groups, the fermions may also be recast as Lie algebra elementsand .

‘ inciuded naturaily as parts of a BRST extended connection.\cite{Lisi,Holt} The result of this program is a single principal '
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 chiral fermions, $Y{ [ \wd{\nu}{} {el}, wd{e}} L ], \dots }3; the strong $\f{g}$ acts on tripiets of red, green, and biue colored
‘quarks, $Y [\wd{u}}*r, wd{u}}*g, wdiu}}*b ], \dots }3; and the electroweak S\f{B}$ acts on ail with an interesting patiern of
hypercharges. The left and right chiral parts of the gravitational spin connection, ${flom}3. act on the frame and on the left and
right chiral fermions. This structure, depicted in Figure \ref{ptsm}, is repeated over three generations of fermions with different
masses.

' This diverse collection of fields in various algebras and representations is, inarguably, a mess. |t is difficult at first to believe
they can be unified as aspects of a unique mathematical structure — but they can. The gauge fields are known to combine
‘naturally as the connection of a grand unified theory with a larger Lie group, and we continue with unification in this spirit. The
' spin connection, frame, and Higgs may be viewed as Lie algebra elements and included as parts of a "graviweak” connection.
'Relying on the aigebraic structure of the exceptional Lie groups, the fermions may also be recast as Lie algebra elements and
inciuded naturally as paris of a BRST extended connection.\cite{Lisi,Holt} The resuit of this program is a single principai
bundle conneciion with everything,
\begin{eguation}
\begin{amayHrcl}
\udf{A} &=& \ha \flom} + \r{1}{4} \fe} \ph +\{B} + \{W} + g} + wp{{} {\big(}\ 4
&& +\, \big( \ud{\nu}{} e +\ud{e} + \wud{u} +\ud{d} \big) _
+big( \wd{inu}} \mu +\udfimu} +\ud{c} + \ud{s} \big)
+1big( \ud{\inul} \a +\ud{iz} +\ud{f} + \ud{b} \big)
\end{array}
\izbel{bigA}

\end{equation}

In this connection the bosonic fields, such as the strong $\f{g}=\f{dx*i} g_i*{\p{i}A} T_AS, are Lie algebra valued 1-forms. and vy
the fermionic fields, such as $\ud{u} = \wd{u}{}*A T_AS, are Lie algebra valued Grassmann numbers. (These Grassmann fields -
may be considered ghosts of former gauge fields, or accepted a priori as parts of this superconnection.) ]
tags § @0 = ¢
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. chiral fermions, $Y [ wd{\nu}{} {eL}, ‘ud{e}} L 1, \dots \}3; the strong $\f{g}$ acts on tripleis of red, green, and biue colored ~|
quarks, $Y{ [\wd{u}}*r, \wd{u}}*q. wd{u}}*b 1. \dots \}3; and the electroweak $\f{B}3 acts on all with an interesting patiem of
b hypercharges. The left and right chiral paris of the gravitational spin connection, ${f{lom}3. act on the frame and on the left and
" right chiral fermions. This structure, depicted in Figure \ref{ptsm}, is repeated over three generations of fermions with different |
|2 masses.
_Ei
= This diverse collection of fields in various algebras and representations is, inarguably, a mess. It is difficult at first to believe
! they can be unified as aspects of a unique mathematical structure — but they can. The gauge fields are known to combine
e naturaily as the connection of 2 grand unified theory with a larger Lie group, and we continue with unification in this spirit. The T‘
e spin connection, frame, and Higgs may be viewed as Lie algebra elements and included as parts of a "graviweak” connection. ||
P’ Relying on the aigebraic structure of the exceptional Lie groups, the fermions may also be recast as Lie algebra elements and |
S inciuded naiurally as paris of a BRST extended connection.\cite{Lisi,Hcoli} The result of this program is a single principal }
BN bundle connection with everything, |
§ \begin{egquation} |
: \begin{amayHrcl} f
\udf{A} &=& ‘ha \flom} + \fr{1}{4} \fe} \ph +\{B} + \{W} + g} + wp{{} {\big(}} W\ '
v && +\, \big( \ud{\nu}} e +\ud{e} + \ud{u} +‘ud{d} \big) :
+ \big( Wwd{inu}{} \mu +‘wd{\mu} + ‘\wd{c} + \ud{s} \big) i
+ \big( wd{inu}{} \ta +\ud{ita} + \wd{f} + \wd{b} \big) !
~ \end{array} n
- \label{bigA} I
- ‘end{equation} &
£ In this connection the bosonic fields, such as the strong $\fig}=\f{dx*i} g_i*{\p{i}A} T_AS, are Lie algebra valued 1-forms, and -
P the fermionic fields, such as $wd{u} = \ud{ul{}*A T_AS, are Lie algebra valued Grassmann numbers. (These Grassmann fields |
4 may be considered ghosts of former gauge fields, or accepted a priori as parts of this Buperconnection.) |
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The building blocks of the standard model and gravity are fields over a four dimensional base manifold. The
electroweak and strong gauge fields are described by Lie algebra valued connection 1-forms,

Wesu(2) Beu(l) ge€su(3)
while the gravitational fields are described by the spin connection,
w € s0(3,1) = CI*(3,1)

a Clifford bivector valued 1-form, and the frame, e € @1(3, 1), a Clifford vector valued 1-form. The frame may be
combined with a multiplet of Higgs scalar fields, ¢, to interact with the electroweak gauge fields and fermions to
give them masses. The fermions are represented as Grassmann valued spinor fields, {ve, €, u, . . . }, with the spin
connection and gauge fields acting on them in fundamental representations. The electroweak W acts on doublets
of left chiral fermions, {[»,;,e;],...}; the strong g acts on triplets of red, green, and bilue colored quarks,

{[«",u?, 4], ...} and the electroweak B acts on all with an interesting pattern of hypercharges. The left and right

chiral parts of the gravitational spin connection, w, act on the frame and on the left and right chiral fermions. This
structure, depicted in Figure ref{ptsmy}, is repeated over three generations of fermions with different masses.

This diverse collection of fields in various algebras and representations is, inarguably, a mess. It is difficult at first
to believe they can be unified as aspects of a unique mathematical structure — but they can. The gauge fields are
known to combine naturally as the connection of a grand unified theory with a larger Lie group, and we continue
with unification in this spirit. The spin connection, frame, and Higgs may be viewed as Lie algebra elements and
included as paris of a "graviweak” connection. Relying on the algebraic structure of the exceptional Lie groups, the
fermions may also be recast as Lie algebra elements and included naturally as parts of a BRST extended
connection.cite{Lisi,Holt} The result of this program is a single principal bundle connection with everything,
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combined with a muitiplet of Higgs scalar fields, ¢, to mteract with the electroweak gauge fields and fermions to
give them masses. The fermions are represented as Grassmann valued spinor fields, {ve, €, u, . . . }, with the spin

connection and gauge fields acting on them in fundamental representations. The electroweak W acts on doublets
of left chiral fermions, {[v,;,e;], - ..}: the sirong g acis on friplets of red, green, and biue colored quarks,

N ".' In'ﬂ;\'

{[«",u? 4], ...}; and the electroweak B acts on all with an interesting pattemn of hypercharges. The left and right

|2

&2 chiral parts of the gravitational spin connection, w, act on the frame and on the left and right chiral fermions. This
‘!'-' structure, depicted in Figure ref{ptsm}, is repeated over three generations of fermions with different masses.

& This diverse collection of fields in various algebras and representations is, inarguably, a mess. It is difficult at first
? to believe they can be unified as aspects of a unique mathematical structure — but they can. The gauge fields are
3 known to combine naturally as the connection of a grand unified theory with a larger Lie group, and we continue
= with unification in this spirit. The spin connection, frame, and Higgs may be viewed as Lie algebra elements and
s included as paris of a "graviweak” connection. Relying on the algebraic structure of the exceptional Lie groups, the
< | fermions may also be recast as Lie algebra elements and included naturally as parts of a BRST extended

S connection.cite{Lisi,Holt} The result of this program is a single principal bundle connection with everything,

= A = jw+liep+B+W+g+

= (bigA

- +(ve+et+utd)+ (vut+ptct+s)+(vr+7+t+b) }

i In this connection the bosonic fields, such as the strong g = d‘g:"gl_*‘lT‘_i. are Lie algebra valued 1-forms, and the
.’i;r fermionic fields, suchas u = T:IAT{. are Lie algebra valued Grassmann numbers. (These Grassmann fields may
E be considered ghosts of former gauge fields, or accepted a priori as parts of this superconnection.)
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— combined with a muitiplet of Higgs scalar fields, qv to mterac:t with the electroweak gauge fields and fermions to
give them masses. The fermions are represented as Grassmann valued spinor fields, {ve, €, u, . . . }. with the spin

connection and gauge fields acting on them in fundamental representations. The electroweak W acts on doublets
of left chiral fermions, {[v, ., e;],-..}: the sirong g acis on friplets of red, green, and biue colored quarks,

' ‘i’ ““‘f‘

{[«",u? u’], ...} and the electroweak B acts on all with an interesting pattern of hypercharges. The left and right

|2
__zl chiral parts of the gravitational spin connection, w, act on the frame and on the left and right chiral fermions. This
i—‘ structure, depicted in Figure ref{ptsm}, is repeated over three generations of fermions with different masses.
& This diverse collection of fields in various algebras and representations is, inarguably, a mess. It is difficult at first
? to believe they can be unified as aspects of a unique mathematical structure — but they can. The gauge fields are
- known to combine naturally as the connection of a grand unified theory with a larger Lie group, and we continue
xR with unification in this spirit. The spin connection, frame, and Higgs may be viewed as Lie algebra elements and
s included as paris of a "graviweak” connection. Relying on the algebraic structure of the exceptional Lie groups, the
< fermions may also be recast as Lie algebra elements and included naturally as parts of a BRST extended

S connection.cite{Lisi,Holt} The result of this program is a single principal bundle connection with everything,

: A = jw+ied+B+W+g+

= - (bigA)

- + (e +et+utd) + (vu+ptcts)+(vr+7+t+0)
s In this connection the bosonic fields, such as the strong g = c;i'.g:"gl_*‘lT‘_i. are Lie algebra valued 1-forms, and the

2 =

w fermionic fields, suchas u = :_:ATA. are Lie algebra valued Grassmann numbers. (These Grassmann fields may
= be considered ghosts of former gauge fields, or accepted a priori as parts of this M]

=
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combined with a muitiplet of Higgs scalar fields, ¢, to mterac:t with the electroweak gauge fields and fermions to
give them masses. The fermions are represented as Grassmann valued spinor fields, {ve, €, u, . . .}, with the spin

connection and gauge fields acting on them in fundamental representations. The electroweak W acts on doublets
of left chiral fermions, {[v,;,e;],-..}: the sirong g acis on friplets of red, green, and biue colored quarks,

Y

LA ".' -3'-;:' .

{[«",u?, 4], ...} and the electroweak B acts on all with an interesting pattern of hypercharges. The left and right
chiral parts of the gravitational spin connection, w, act on the frame and on the left and right chiral fermions. This
structure, depicted in Figure ref{ptsm}, is repeated over three generations of fermions with different masses.

This diverse collection of fields in various algebras and representations is, inarguably, a mess. It is difficult at first
tfo believe they can be unified as aspects of a unique mathematical structure — but they can. The gauge fields are
known to combine naturally as the connection of a grand unified theory with a larger Lie group, and we continue
with unification in this spirit. The spin connection, frame, and Higgs may be viewed as Lie algebra elements and
included as paris of a "graviweak” connection. Relying on the algebraic structure of the exceptional Lie groups, the
fermions may also be recast as Lie algebra elements and included naturally as parts of a BRST extended
connection.cite{Lisi,Holt} The result of this program is a single principal bundie connection with everything,

ve 00120 KE g & B

A = wtied+B+W+g+

7
+ (e tetutd+(utu+cts)+(prrr+i+d) D)

In this connection the bosonic fields, such as the strong g = d‘g"'gl_*‘iT‘_i. are Lie algebra valued 1-forms, and the
fermionic fields, suchas u = z_:‘“lfI‘A. are Lie algebra valued Grassmann numbers. (These Grassmann fields may

be considered ghosts of former gauge fields, or accepted a priori as parts of this superconnection.) A

DI &2 A
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to believe they can be unified as aspects of a unique mathematical structure — but tt'ley can. The gauge ﬁeids are
known to combine naturally as the connection of a grand unified theory with a larger Lie group, and we continue
with unification in this spirit. The spin connection, frame, and Higgs may be viewed as Lie algebra elements and
included as parts of a "graviweak” connection. Relying on the algebraic structure of the exceptional Lie groups, the
fermions may also be recast as Lie algebra elements and included naturally as parts of a BRST extended
connection.cite{Lisi,Holt} The result of this program is a single principal bundle connection with everything,

A = jwtied+B+Wig+

(bigA)
+(wete+utd +(vut+ptct+s)+ (vr+1+t+b)
In this connection the besonic fields, such as the strong g = dg:igl_‘“iTA, are Lie algebra valued 1-forms, and the

fermionic fields, such as u = u‘iTA. are Lie algebra valued Grassmann numbers. (These Grassmann fields may
be considered ghosts of former gauge fields, or accepted a priori as parts of this superconnection.)

superconnection
A superconnection,

o
A

=8 O

A=A+ A

is the sum of a Lie algebra valued connection 1-form field, A = d:_r:"AI_BTB, and a Lie algebra valued
Grassmann number field, A = AHTB. This construct arises naturally in the BRST technique, in which it is called
a BRST extended connection.

Ref:
« Shlomo Stermberg
= Toronto Lectures on Physics

A 080909576. Catre_n and J_ DEVOtD Page 40/127
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A = jwtiep+B+Wig+

N bigA
+(vetet+utd)+(wutptct+s)+(wr+7+t+b) —i

In this connection the bosonic fields, such as the strong g = d.;:"gl_’iTA. are Lie algebra valued 1-forms, and the

fermionic fields, suchas u = u‘{Tq. are Lie algebra valued Grassmann numbers. (These Grassmann fields may

‘:. be considered ghosts of former gauge fields, or accepted a priori as parts of this superconnection.)
>
3, superconnection e
A superconnection, -
A Rik o

is the sum of a Lie algebra valued cnnnecting 1-form field, A = d:_c"AiHTH. and a Lie algebra valued

Grassmann number field, A = APT}. This construct arises naturally in the BRST technique, in which it is called
a BRST extended connection.
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Ref:
« Shlomo Stemberg
= Toronto Lectures on Physics
« G. Catren and J. Devoto
o Extended Connection in Yang-Mills Theory
(more at BRST speculation)
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superconnection s B
A superconnection, S
A=A+ A

=

is the sum of a Lie algebra valued connection 1-form field, A = d:_r:"AjBTH. and a Lie algebra valued Grassmann

number field, A = A®T5. This construct arises naturally in the BRST technique, in which it is called a BRST
extended connection.

Ref:
« Shlomo Sternberg
= Toronto Lectures on Physics
« G. Catren and J. Devoto k
o Extended Connection in Yang-Mills Theory
(more at BRST speculation)

An Exceptionally Simple Theory of Everything, This Week's Finds 253, piece of paper, the big picture
Science in the 21st Century

Advantages of a Wiki

5a: 08090057 Page 42/127



@ Safari File Edit View History Bookmarks Window Heip = EB = 4 [EPFE9E Tueb:40 PM Garrett Lisi ¢

900 5ci1 physics wiki —

—

Lel> Jl e J=El| + | @ o/ /physicswiki.arg/sci21/ B EQ- Cooo

W10 u g0

A
W

% i
%, & oMk
A G W

superconnection +[298 = >
A superconnection,
A=A+ A

is the sum of a Lie algebra valued connection 1-form field, A = d:_r:iAz_HTH. and a Lie algebra valued Grassmann

number field, A = AT This construct arises naturally in the BRST technique, in which it is called a BRST
extended connection.
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superconnection
A superconnection,

e

A=A+ A

is the sum of a Lie algebra valued connection 1-form field, A = d:_r:"AI_BTB, and a Lie algebra valued Grassmann

number field, A = ABT. This construct arises naturally in the BRST technique, in which it is called a BRST
extended connection.
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superconnection + - @ o x
A superconnection, orst
A=A+ A

is the sum of a Lie algebra valyed connection 1-form field, A = d:_r:"AI_BTB, and a Lie algebra valued Grassmann

number field, A = ABT5. This construct arises naturally in the BRST technique, in which it is called a BRST
extended connection.
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; superconnection B
= A superconnection, i
a A=A+A
i:\ is the sum of a Lie algebra valued m 1-form field, 4 = d:r:‘A BTy, and a Lie algebra valued Grassmann
S number field, A = ABTB This construct arises naturally in the BRST technnque in which it is called a BRST

- extended connection.

°

e Ref:

o= « Shlomo Stermnberg

2 = Toronto Lectures on Physics

- e G. Catren and J. Devoto

= « Extended Connection in Yang-Mills Theory

- (more at BRST speculation)
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An Exceptionaily Simple Theory of Everything, This Week's Finds 253, piece of paper, the big picture
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A=A+ A 0

is the sum of a Lie algebra valued connection 1-form field, A = a'.'_r:iAI_BTB, and a Lie algebra valued
Grassmann number field, A = APT}. This construct arises naturally in the BRST technique, in which it is called
a BRST extended connection.

Ref:
« Shlomo Stemberg
o Toronto Lectures on Physics
« G. Catren and J. Devoto
o Extended Connection in Yang-Mills Theory
(more at BRST speculation)

An Exceptionally Simple Theory of Everything, This Week's Finds 253, piece of paper. the big picture

connection

A connection completely encodes the local geometry of a fiber bundle. Specifically, it describes how the
local trivializations change as one moves around on the base manifold. The group of these changes is the

same as the siructure group, G, of the fiber bundle. From any point, the infinitesimal change of a local trivialization
when moving in any direction is described by the operation of a Lie algebra element. These changes may be
described via a Lie algebra valued 1-form over the base, the connection,

e dEjATB{I)TB

with the appropriate action on the fiber elements. Using this connection, the covariant derivative of a section,
o(z), (valued in the fiber) is

Vo=do+ Aoc=dz’ (ﬁia' -+ A.{HTBU')

2 odpqogghich the Lie algebra basis elements, T'5, act on the fiber. The connection changes under a gaugepage 49127
transformation so as to keep this derivative covariant.
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connection

A connection completely encodes the local geometry of a fiber bundle. Specifically, it describes how the =
local trivializations change as one moves around on the base manifold. The group of these changes is the

same as the structure group, G, of the fiber bundle. From any point, the infinitesimal change of a local trivialization

when moving in any direction is described by the operation of a Lie algebra element. These changes may be
described via a Lie algebra valued 1-form over the base, the connection,

=dz' A,° ()T

with the appropriate action on the fiber elements. Using this connection, the covariant derivative of a section,
o(z), (valued in the fiber) is

Vo=do+ Ao =dz’ (ﬂicr—.l— A.‘-BTHU')

in which the Lie algebra basis elements, T, act on the fiber. The connection changes under a gauge
transformation so as to keep this derivative covariant.

An Exceptionally Simple Theory of Everything, BRST speculation, Chern-Simons form, Discussion, Ehresmann connection, Ehresmann
principal bundle connection, Geometry of Yang-Mills theory, Plan of attack (old}, Symbals. This Week's Finds 253, Unification (old},

a; 08090053utomorphism bundle, covariant derivative, curvature, fiber bundle. gauge ransformation, holonomy, parailel transport. paftededigitiimy,

principal bundie, superconnection, talk for FQXi 07, talk for Loops 07, talk for UCD 08, tangent bundie parailel transport. vector bundie
connectinn vector bundie nsrsilel rransnort



@ Safari File Edit View History Bookmarks Window Help = EE

.,J)

4 EPFE7T8 Tueb4] PM Garrett lisi (

a BRST extended ::onnectlun

Ref:
« Shlomo Stemberg
o Toronio Lectures on Physics
« G. Catren and J. Devoto
o Extended Connection in Yang-Mills Theory
(more at BRST speculation)

An Exceptionally Simple Theory of Everything, This Week's Finds 253, piece of paper, the big picture

connection > - 0w

A connection compietely encodes the local geometry of a fiber bundle. Specifically, it describes how the fib
local trivializations change as one moves around on the base manifold. The group of these changes is the

same as the siructure group, G, of the fiber bundle. From any point, the infinitesimal change of a local trivialization
when moving in any direction is described by the operation of a Lie algebra element. These changes may be
described via a Lie algebra valued EI@ over the base, the connection,

=dz' A,° ()T

with the appropriate action on the fiber elements. Using this connection, the covariant derivative of a section,
o(z), (valued in the fiber) is

Vo=do+ Ao =dz’ (ﬁ‘ia—k— Al-BTHu')

in which the Lie algebra basis elements, T, act on the fiber. The connection changes under a gauge
transformation so as to keep this derivative covariant.

An Exceptionally Simple Theory of Everything, BRST speculation, Chern-Simons form, Discussion, Ehresmann connection, Ehresmann
principal bundle connection, Geometry of Yang-Mills theory, Plan of attack (old), Symbaols, This Week's Finds 253, Unification (old},

ba; 08090053 utomorphism bundle, covariant derivative, curvature, fiber bundle. gauge transformation, holonomy, parailel transport. pattededbiidimy,

principal bundie, superconnection, talk for FQXi 07, talk for Loops 07, talk for UCD 08, tangent bundie parailel transport. vector bundie
connecticn vector bundie nsrsilel rransoort
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local trivializations change as one moves arnund on the base manifold. The group of these changes is me

same as the structure group, G, of the fiber bundle. From any point, the infinitesimal change of a local trivialization
when moving in any direction is described by the operation of a Lie algebra element. These changes may be
described via a Lie algebra valued 1-form over the base, the connection,

N d-‘_I:jATB(I)TB

with the appropriate action on the fiber elements. Using this connection, the covariant derivative of a section,
o(z), (valued in the fiber) is

Vo=do+ Ao =dz’ (ﬂiu'—i— AiBTHu')

in which the Lie algebra basis elements, T'5, act on the fiber. The connection changes under a gauge
transformation so as to keep this derivative covariant.

An Exceptionally Simpie Theory of Everything, BRST speculation, Cherm-Simons form, Discussion, Ehresmann connection, Ehresmann
principal bundle connection, Geometry of Yang-Mills theory, Plan of attack (old), Symbaols. This Week's Finds 253, Unification (oid],
automorphism bundle, covariant derivative, curvature, fiber bundle, gauge transformation, holonomy, parallel transport. path holonomy,
principal bundle, superconnection, talk for FQXI 07, talk for Loops 07, talk for UCD 08, tangent bundle parallel transport. vector bundie
connection, vector bundle parailel transport

1-form
A 1-form, or cotangent vector, ‘f , Is a geometric object that acts on a tangent vector at a point, p, to give

nat
Hus

a real number. It may be written in terms of the coordinate basis 1-forms as
f=fidz' €T;M

It is a linear operator, and so may be written as a function of a vector or more simply as a vector-form
contraction (product),
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. with the appropriate action on the fiber elements. Using this connection, the covariant derivative of a section,
3 o(z), (valued in the fiber) is

‘ Safari File Edit View History Bookmariks Window Help m EE L = 4 EPGETE Tuebt:4l PM  Garrett Lisi
m
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. Vo=do+ Ao =dz' (aia'—.l— AiHTBJ)
E: in which the Lie algebra basis elements, T, act on the fiber. The connection changes under a gauge
4 transformation so as to keep this derivative covariant.
e
a An Exceptionally Simple Theory of Everything, BRST speculation, Chern-Simons form, Discussion, Ehresmann connection, Ehresmann
= principal bundle connection. Geometry of Yang-Mills theory, Plan of aitack (old), Symbols. This Week's Finds 253, Unification {old).
S automorphism bundle, covariant derivative, curvature, fiber bundle. gauge transformation, holonomy, parailel fransport, path holonomy,
Pl principal bundle, superconnection, talk for FQXI 07, talk for Loops 07, taik for UCD 08, tangent bundile parailel transport, vector bundie
= connection. vector bundle parzilel fransport
<
S 1-form = o
ﬁ / A 1-form, or cotangent vector, [, is a geometric object that acts on a tangent vectorata
+- =i HLLS

E F)

. e point, p, to give a real number. It may be written in terms of the coordinate basis 1-forms

= as

; f=fdz' €T, M
‘ It is a linear operator, and so may be written as a function of a vector or more simply as a vector-form
? contraction (product),

. e e L _ [
e Pty ey T .
=] f(ﬁ)—lff—ﬂi—lﬂfiajd?—U']f:"s}—”fiem
E # The vector space of 1-forms at each point, p, of a manifold, M, is the cotangent space, T;M, and is spanned
the dz*.
5a.; 080 0057 - Page 53/127
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2 with the appropriate action on the fiber elements. Using this connection, the covariant derivative of a section,
) o(z), (valued in the fiber) is
Vo=do+ Ao—dz' (9,0 + A, Ty0)

' in which the Lie algebra basis elements, T, act on the fiber. The connection changes under a gauge
‘: transformation so as to keep this derivative covariant.
=
g An Exceptionzslly Simple Theory of Everything, BRST speculation, Chern-Simons form, Discussion, Ehresmann connection, Ehresmann
g principal bundle connection, Geometry of Yang-Mills theory, Plan of attack (old), Symbois. This Week's Finds 253, Unification {oid},
automorphism bundle, covariant derivative, curvature, fiber bundle, gauge transformation, holonomy, parallel transport, path holonomy,
ot principal bundle, superconnection, talk for FQXI 07, talk for Loops 07, taik for UCD 08, tangent bundle parallel transport. vector bundie
) connection, vector bundie parzilel fransport
= 1-form
S
- . - Mk

/f A 1-form, or cotangent vector, _f is a geometric object that acts on a tangent vector ata s
o 2 ~ point, p, to give a real number. It may be written in terms of the coordinate basis 1-forms
f=rfdz' eT;M
= It is a linear operator, and so may be written as a function of a vector or more simply as a vector-form

‘.I-
N

contraction (product),
f(7) =i f = of = v/ f,8,de =/ f,§ —v'f, € R

The vector space of 1-forms at each point, p, of a manifoid, M, is the cotangent space, T;M, and is spanned
by the dz’.

|EPED §>
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The vector space of 1-forms at each point, p, of a manifoid, M, is the cotangent space, T; M, and is spanned
by the dz*.
An Exceptionally Simple Theory of Everything. Grassmann number, Lie group geometry, Lorentz rotafion. Symbaois, This Week's Finds 253,
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tangent vector

_ The velocity, or tangent vector, v, with respect to some =
Y = parameter, t, of a path, e(t), at a point is defined via the

/_._\ directional derivative of a function, f(z), along the path,
cit df(c(t dei (¢ 8 B =
B A T )

t=0

{0) oz
A tangent vector, or simply "vector”, can also be visualized in the pseudo-Euclidean embedding space containing
the manifold. For a manifold parameterized by coordinates, the coordinate basis vectors are

dt

=0 c{0)

- 8 0p .
31. r - = p e alp
ori Or
with the parameterized manifold points, ;E(z), vectors from some arbitrary origin in the flat embedding space.
A vector at a point. p, may be written in terms of coordinate basis vectors,

/ F:Eiﬂ'ditjgz'zuzg;

2 051857 real valued quantities, v*, are the velocity components. (Summation over repeated indices is imphedy12
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4 The velocity, or tangent vector, v, with respect to some
" »  parameter, t, of a path, ¢(t), at a point is defined via the

'_"a_ /—‘—\ directional derivative of a function, f(z), ajung the path,
' cit df(c(t))| _ de(¥)| of

T —w i =i
E:. @a | _, a | _, or C‘im 3‘:: c(0)
: A tangent vector, or simply "vector”, can also be visualized in the pseudo-Euclidean embedding space containing
g the manifold. For a manifold parameterized by coordinates, the coordinate basis vectors are
= - 8§ 8p .
? af_azi_azi_afp
\_-.r:.)
= with the parameterized manifold points, p(z), vectors from some arbitrary origin in the flat embedding space.
s A vector at a point. p, may be written in terms of coordinate basis vectors,
: S - |-
© s e J —" 3
L] The real valued quantities, v*, are the velocity components. (Summation over repeated indices is implied)
,_ The space of all tangent vectors to a manifold, M, at a point, p, isa
e ’T % vector space, T, M, the tangent space to M at p.
4 u/ Foo The directional derivative of a function may also be be written using the
= \ }\ 4 - / exterior derivative and vector-form algebra as
B g i v[f] = vdf =v'8,f

‘\/\f
1-form, Hodge identities, Killing spinor, Lie derivative, Lorentz rotation, Symbois,

5a: 08090057 commuiator, coordinate basis vectors, coordinaie change, differential fBege, 564 nor
derivative, flow, frame, gecdesic, natural, path, proper time, pullback, rest frame, submanifold geomeifry, tangent bundie, tangent bundle
narziied transnort vector bundle narzilel transoort vector oroiection onto 3 section vector vaiued form vector-form sloghrs
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9 The velocity, or tangent vector, v, with respect to some =
Y = parameter, t, of a path c(t), at a point is defined via the

/—o—\ directinna‘l demramfeof a f1unr:ﬁun, f(z), along the path,
e df(c®)| _ dc(®) 0

d - ¥ _—
i
dt at 0T | 0) oz 0) =
A tangent vector, or simply "vector”, can also be visualized in the pseudo-Euclidean embedding space containing
the manifold. For a manifold parameterized by coordinates, the coordinate basis vectors are

- 3 _0p .
A
ort Ozt
with the parameterized manifold points, ﬁ(z), vectors from some arbitrary origin in the flat embedding space.
/_ A vector at a point, p, may be written in terms of coordinate basis vectors,

de(t) =
The real valued quantities, v, are the velocity components. (Summation over repeated indices is implied)

=il =0

U = -—zEE——E} Ei

The space of all tangent vectors to a manifold, M, at a point, p, is a
vector space, T, M, the tangent space to M at p.

The directional derivative of a function may also be be written using the
exterior derivative and vector-form algebra as

F[.ﬂ =i E‘_ff = Uiaif

1-form, Hodge identities, Killing spinor, Lie derivative, Lorentz rotatior?23ybifdis,
commuiator, coordinate basis vectors, coordinate change, differential form, exterior
Pl = T LT = s i =T =l s = e sl el =l la= e = tia Tl nslsl = ahites =B N i A e = i n=Tas - DA stas = Tnltial s Bel=slast = lin'dl=tzls =Tatdal flalel =B =Talsl =larl a1 0 lalal =]

5a: 08090057
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= A superconnection, ==
4 A=A+ A 3
§ is the sum of a Lie algebra valued connection 1-form field, A = d:_r:"AI_BTB, and a Lie algebra valued

s Grassmann number field, A = APT. This construct arises naturally in the BRST technique, in which it is called
b a BRST extended connection.

°

| Ref:
2 « Shlomo Stermnberg
2 = Toronto Lectures on Physics
- « G. Catren and J. Devoto
- « Extended Connection in Yang-Mills Theory

e (more at BRST speculation)
-
An Exceptionally Simpie Theory of Everything, This Week's Finds 253, piece of paper, the big picture
- § connection
= A connection completely encodes the local geometry of a fiber bundle. Specifically, it describes hnw the o

; 90057 58/127
= *f8Ea] trivializations change as one moves around on the base manifold. The group of these changes iS*the

same as the structure amup. (¢ of the fiber bundie. From anv ooint. the infinitesimal chanae of 3 local trivialization
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g“s A superconnection, el
3 A=A+4 :
g is the sum of a Lie algebra valued connection 1-form field, A = dg"AI_BTH, and a Lie algebra valued
Grassmann number field, A = AHTB. This construct arises naturally in the BRST technique, in which it is called
= a BRST extended connection.
‘Wl Ref
L « Shiomo Sternberg
A o Toronto Lectures on Physics
4 « G. Catren and J. Devoto
B = Extended Connection in Yang-Mills Theory
G (more at BRST speculation)

An Exceptionally Simple Theory of Everything, This Week's Finds 253, piece of paper, the big picture
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superconnection
A superconnection,
A=A+A

is the sum of a Lie algebra valued connection 1-form field, A = dg:"A:_BTH,

and a Lie algebra valued Grassmann number field, A = A®T5. This construct

arises naturally in the BRST technique, in which it is called a BRST extended
connection.

Ref:
 Shlomo Stemberg
o Toronto Lectures on Physics
« G. Catren and J. Devoto
o« Extended Connection in Yang-Mills Theory
(more at BRST speculation)

An Exceptionally Simple Theory of Everything, This Week's Finds 253, piece of papeg, {Dg,ig picture



@8 Safari File Edit View History Bookmarks Window Heip L] = 4 [EPFPGE7TE Tueb:42 PM Garrett Lisi ¢
800 SciZ1 physics wiki —
o 4| > j [ I?—t + b http: / / physicswiki.arg/sci2 1/

R BE§ JlQ- Googie

Sci21 physics wiki

About Tags Symbois To Do p of
a- b S
T [ Tags I Science in the 21st Century
Existing Tags and note population:

o Advantages of a Wiki

cartan (10)
clifford (44) -
cp2 (1) superconnection
dg (29)
dirac (8) .
editing (23) connection
fib (29)
& gauge (1)
Sl or (39) 1-form
grscai (2)
gut (1)
] =2 tangent vector
Ml higgs (2)
ilus (6)
info (1)
. kic (14)
- lag (10)
math (2)
meta (26)

S A

¥
1

P

-
nat (58)

“W) cacer (40)
<Jll papers (1)

pb (16)

person (9)
5a. MQ&%? Page 61/127
E qmi (4)
slide {89)



@8 Safari File Edit View History Bookmarks Window Help m EE = 4 EPGE7TE Tueb:42 PM Garrett Lisi ¢
800 Sci21 physics wiki —
| h-' & I:-::—-H+iﬂmnxnhyﬁlr_ﬁwmargmllf uﬁl"':k* OHgie

F = S e el T e A M e g e o

Sci21 physics wiki

".": -\'.'L
LA

siide (B9)

About Tags Symbols To Do piEGE of paper
= | I T§H¥ENM x>y
i+ ContentsLztest g 1O oy Science in the 21st Century
'n,- Ex:s-tmg Tags and note pcpuEhnn
B Advantages of a Wiki
SOl cartan (10)
- superconnection
b dg (29)
il cirzc (8) . S
5 I:gi?’;g}{ﬂ] connection
Sl o=uge (1) A connection completely encodes the local geomeitry of a fiber bundie. "
- gr (38) Specifically, it describes how the local frivializations change as one moves
gﬁ]m around on the base manifold. The group of these changes is thelsame as the
— ham (2) structure group, G, of the fiber bundle. From any point, the infinitesimal change
o niggs (2) of a local trivialization when moving in any direction is described by the operation
- ?ﬁ';: Ef; of a Lie algebra element. These changes may be described via a Lie algebra
- ki (14) valued 1-form over the base, the connection,
: BEE A=dz AP @)
v meta E;%; A=dr' A" (z)T5
E ﬂﬁliﬁﬂgm with the appropriate action on the fiber elements. Using this connection, the
< gﬁ;‘j,;“} covariant derivative of a section, o(z), (valued in the fiber) is
B pb(16) _
| e—C Vo = do+ Ao = dz’ (a,.u+ AI.HTBU)
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A connection compieiely encodes the local geomeiry of a fiber bundle. Specifically, it describes oo
how the local trivializations change as one moves around on ithe base manifoid. The group of these
changes is the same as the structure group, 5, of the fiber bundie. From any point, the infinitesimal change
of a local rivialization when moving in any direction is described by the operation of a Lie algebra element.
These changes may be described via a Lie algebra valued 1-form over the base, the connection,

A =dzr’A. {I}TB =k
with the appropriaie action on the fiber elementis. Using this connection, the covariant derivative of a
section, o{z), (valued in the fiber) is
Vo =do+ Ao = dz’ (a:u+¢BT3u)
in which the Lie algebra basis elements, T, act on the fiber. The connection changes under a gauge
transformation so as o keep this derivative covariant.

An Exceptionally Simple Theory of Everything, BRST speculation. Chem-Simans form. Discussion. Ehresmann connection,
Ehresmann principal bundle connecton. Geaomesy of Yang-Mills theory, Plan of attack (ald). Symbols, This Week's Finds 253,
Unification (old}, autocmarphism bundle, covariant derivative, curvature., fiber bundle. gauge transformation, halonomy, parsilel

transport. path holonomy, principal bundle, superconnection, talk for FOXI 07, taik for Loops 07, telk for UCD 08, tangent bundie

paralle! ransport. vector bundle connection, vector bundle parsllel mansport
Page 64/127

1-form




File Edit View History Bookmarks Window Help - =2
O Sci21 physics wiki —
2 E2Rd # htto: / / physicswiki.org/sciZ 1/

= 4

P 378 Tueh:4? PM Garrettlisi (

':f- Sooge

Sci21 physics wiki

About Tags Svmbals Ta Do

a- §+¥r_x»

E:usnng Tags and note populstion:

074
brsr(4)
cartan (10)
clifford (44}
cp2 (1)

da (29)
dirac (B)
editing (23)
fib {29}
gauge (1)
ar (3%}
grscal (2)
gut(1)
ham (2)
higas (2}
ilus (G}
i (1)

ke (14)

lgg (10}
math (2)
meta (26)
nat (58}
paper (40)
papers (1)
pb (16}
person (9)
git{2}

ami (4}
slide (BS)
sm(12)
speculstve (B)
55(7)

sa: BE0V0057

topa (1)
tors (3)

piece of paper

Science in the 21st Century

Advantages of a Wiki
superconnection
connection i i
A connection compleiely encodes the local geomeiry of a fiber bundle. Specifically, it describes -
how the local trivializations change as one moves around on the base manifold. The group of these
changes is the same as the structure group, &, of the fiber bundle. From any point, the infinitesimal change

of a local frivialization when moving in any direction is described by the operation of a Lie algebra element.
These changes may be described via a Lie algebra valued 1-form over the base, the connection,

A=dr*A(z)Tp L
with the appropriate action on the fiber elemenis. Using this connection, the covariant derivative of 2
section, o{z), (valued in the fiber) is
Vo =do+ Ao = dz’ (a:u +¢5Tﬂa)
in which the Lie aigebra basis elements, T, act on the fiber. The connection changes under a gauge
transformation so as o keep this derivative covariant.

An Exceptionally Simpie Theory of Everyithing, BRST speculation. Chem-Simons form, Discussion. Ehresmann connection.
Ehresmann principal bundle connection. Geomesy of Yang-Mills theory, Plan of attack (old). Symbols, This Week's Finds 253,
Unification (old}, autocmarphism bundle, cavariant denvative, curvature, fiber bundle. gauge transformation, holonomy, parsilel

transport. path holonomy, principal bundie, superconnection, taik for 50X 07, tsik for Loops 07, teik for UCD 08, tangent bundie
paralled ransport. vector bundle connection, vector bundle parsllel ransport
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s grscal (2) changes is the same as the structure group, G, of the fiber bundie. From any point, the infinitesimal change
< E::ﬂ;} of a local trivialization when moving in any direction is described by the operation of a Lie algebra element.
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A connection compieiely encodes the local geomeiry of a fiber bundle. Specifically, it describes -
how the local trivializations change as one moves around on the base manifold. The group of these
changes is the same as the structure group, G, of the fiber bundie. From any point, the infinitesimal change
of a local rivialization when moving in any direction is dﬁcﬁb%:ynﬁmupeaﬁunda Lie algebra element.
These changes may be described via a Lie algebra valued 1- over the base, the connection,

A=ds'A(z)Tp
with the appropriate action on the fiber elementis. Using this connection, the covariant derivative of 2
section, o{z), (valued in the fiber) is
Vo =do+ Ao = dz’ (ﬂp + A_BTEU)
in which the Lie aigebra basis elements, T, act on the fiber. The connection changes under a gauge
transformation so as o keep this derivative covariant.

An Exceptionally Simpie Theory of Everyihing, BRST speculation. Chem-Simons form. Discussion. Ehresmann connection.
Ehresmann principal bundle connection. Geomesy of Yang-Mills theory, Plan of attack (old). Symbols. This Week's Finds 253,
Unification (old}, automarphism bundie, covariant dervative, curvature. fiber bundle. gauge ransformation, hoionomy, parailel

transport. path holonomy, principal bundle, superconnection, taik for FOXI 07, =ik for Loops 07, t=ik for UCD 08, tangent bundie

parallel transport. vector bundle connection, vector bundle parsllel ransport
Page 67/127

1-form




@ Safari File Edit View History Bookmarks Window Heip m ER = 4 [EPFE3% Tueb:45 PM  Garrett Lisi

= sano SciZ21 physics wiki —

= 4 » i & 51+ | O hiin: [ physicswiki.org/sci2 1/ RSS| Q- Coogle

- | e . R

» info (1) A =dzA (z)Ty

e (14} S _— : . . . . S

- |qg£-16} with the appropriate action on the fiber elements. Using this connection, the covariant derivative of 2

- math (2) section, oz}, (valued in the fiber) is

mets (26)

: nat (58) Ly ( 4

= > Vo =do+ Ao = dz* (8o AfTBa)

nt papers (1) : 3 : : x -

_ pb (16) in which the Lie algebra basis elements, T, act on the fiber. The connection changes under a gauge
e P&HE“ = transformation so as o keep this derivative covariant.

- ] L

-__‘-"' arm (4) An Exceptionally Simple Theory of Everything, BRST speculation. Chem-Simans form, Discussion, Ehresmann connection,
= 5'“‘{“35} Ehresmann principal bundle connection. Geometry of Yang-Mills theory, Plan of attack (old). Symbois. This Week's Finds 253,
a sm (12) ) Unification {old), automorphism bundile. covariant derivative, curvamure. fiber bundile, gauge ransformation, holonomy, paraliel
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o "= Chern-Simons form

N
E A Chern-Simons form, w,, is a grade p differential form defined (for odd p) to satisfy b
'- dwp . ('_E-"__')

S 2

in which F = dA + A A is the curvature for some principal bundle connection, A. The first few Chemn-
Simons forms are

= (EEEA+?EEAAA+?EAAAAA+?AAAAAAA)

L ER TS

The integral of 2 Chem-Simons p-form over a p dimensional manifold is a homotopy invagaag!;%%# the

a: 08090057
Chern number,
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A connection compleiely encodes the local geomeiry of a fiber bundle. Specifically, it describes e
how the locai frivializations change as one moves around on the base manifold. The group of these
changes is the same as the structure group, (7, of the fiber bundie. From any point, the infinitesimal change
of a local triviaiization when moving in any direction is described by the operation of a Lie algebra elementik
These changes may be described via a Lie algebra vaiued 1-form over the base, the connection,

A =dr*'A"(2)T,
with the appropriaie aciion on the fiber elemenis. Using this connection, the covariant derivative of 2
section, o{z), (valued in the fiber) is
Vo = do+ Ao = dz (ﬂ:{r :—fLﬁTﬂ,ﬂr)
in which the Lie algebra basis elements, T, act on the fiber. The connection changes under a gauge
transformation so as o keep this derivaiive covariani.
An Exceptonally Simpie Theory of Everything, BRST speculation. Chem-Simons form. Discussion, Ehresmann connection,
Ehresmann principal bundle connection, Geometry of Yang-Mills theory, Plan of atteck (old). Symbaols, This Week's Finds 253,
Unification {old}), automarphism bundie. covariant dermvative. curvature. fiber bundle. gauge ransformation, holonomy, parzilel
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A connection completely encodes the local geomeiry of a fiber bundle. Specifically, it describes =
how the local trivializations change as one moves around on the base manifold. The group of these
changes is the same as the structure group, 7, of the fiber bundie. From any point, the infinitesimal change
of a local frivialization when moving in any direction is described by the operation of a Lie algebra element.
These changes may be described via a Lie algebra vaiued 1-form over the base, the connection,

A =dzr'A"(z)Ty
with the appropriaie action on the fiber elemenis. Using this connection, the covariant derivative of a
section, o{z), (valued in the fiber) is
Vo =do+ Ac = dz* (ﬂ:a :—A__ETBJ)
in which the Lie algebra basis elements, T, act on the fiber. The connection changes under a gauge
transformation so as o keep this derivative covariant.
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A connection completely encodes the local geomeiry of a fiber bundle. Specifically, it describes -
how the local frivializations change as one moves around on the base manifold. The group of these
changes is the same as the structure group, &, of the fiber bundie. From any point, the infinitesimal change
of a local friviaiization when moving in any direction is described by the operation of a Lie algebra element.
These changes may be described via a Lie ailgebra vaiued 1-form over the base, the connection,

2 B
A=dz*A " (z)T;
with the appropriaie aciion on the fiber elemenis. Using this connection, the covariant derivative of a
section, o{z), (valued in the fiber) is
Vo =do+ Ac = dr* (ﬂ:a :—A__ETL—,-D')
in which the Lie algebra basis elements, T, act on the fiber. The connection changes under a gauge
transformation so as o keep this derivative covariant.
An Exceptionally Simpie Theory of Everything, BRST speculation. Chem-Simons form, Discussion, Ehresmann connection,
Ehresmann principal bundle connection, Geometry of Yang-Mills theory, Plan of attack (old). Symbaols, This Week's Finds 253,
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- ph (16) in which the Lie algebra basis elements, T, act on the fiber. The connection changes under a gauge
. WIB} transformation so as to keep this derivaiive covariant.
- __ 2 o (4) An Exceptionally Simpie Theary of Everything, BRST speculation. Chem-Simons form. Discussion, Ehresmann connecton,
— slide (83) Ehresmann principal bundle connection. Geometry of Yang-Mills theory, Plan of attack (old). Symbols, This Week's Fnds 253.
- sm (12} : Unification (old}, aumomorphism bundle, covariant derivative. curvaaure. fiber bundle. gauge ransformation. holonomy, parailed
. speculstive (8) transpaort. path holonomy, principal bundie, superconnection. t=ik for FOX 07, =ik for Loops 07, =ik for UCD 08, tngent bundie
= 55 g?ﬁﬁ‘j paralle! ransport. vector bundle connection, vector bundle parzailel ransport
5ym
.
=l 0o (1)
5 . curvature
= " = . . r -TE
b The curvature is pernaps the most imporitant object characterizing the local geometry of = fiber

e bundie and connection. lts expression and action depends on the action of the structure group. Taking, for

.5 exampie, the siructure group to act from the left, the curvature is then a local, Lie algebra (of the structure
® group) valued 2-form defined as

= oo

= F(z) = ;dz'dz'F, "Ty

"'.-."" — M—A&

® =dA+AxA

- —dA- [A, A]

- The curvature coefficients are

E;E P-:JC' s ﬂ',-AJC—EIA__C+A,‘lAjBC:wC

in which C' LEC are the structure constants.

The curvaiure is most intuitively derived in terms of the holonomy of infinitesimal loops.

It may also be derived by applying the covariant derivative fwice to any fiber bundie section,
VVC = (d+A4) (d+4)C =ddC+dAC+AdC + AAC = (dA+ A4)C = EC

5a: 08090057 Page 73/127



@ Safari File Edit View History Bookmarks Window Help = Ez = 4 [EPFGE3E Tuebs:45 PM  Garrett Lisi ¢

— 800 SciZ1 physics wiki —

= - | » & == L+ # htto: / / physicswiki.org/sci21/ HSS | "':l' Googie

S D = - :

gy = curvature

= The curvaiure is pernaps the most imporiant object characterizing the local geometiry of a fiber .
- bundle and connection. lis expression and action depends on the aclion of the siructure group. Taking, for
¥ exampie, the structure group to act from the left, the curvature is then a local, Lie algebra (of the siructure
= group) valued 2-form defined as

w : -

= F(z) = Ydz'de’F, T,

i3 —dA+AA

‘é —dA+AxA

= = dA+ [ﬁ,A]

é The curvaiure coefficients are

5_1 FFf=8AF—aA°+AA"C"

S in which C , ; are the structure constants.

\3 The curvaiure is most intuitively derived in terms of the holonomy of infinitesimal loops.

f It may also be derived by applying the covariant derivative twice to any fiber bundle section,
vVC = (d+A) (d;A) C = ddC +dAC + AdC + AAC — (dA+AA) C=FC

=

;' The curvature changes under gauge transformations, C+— (" =gC,as F— F'=gFg .

E Noie again that the expression of the curvaiure, and its action, depends on the form of the group action.
E An Exceptionally Simple Theory of Everything, Canan geomery, Cartan tangent bundie spin connectiaon, Chem-Simons form,

Clifford-Riemann curvature, Maures-Cartan form. Plan of atteck (old), Standard mode! 2nd gravity in 8 matrix. Symbaoils, This
Weelk's Finds 253, Unification (oid), automaorphism bundle, covariant derivative. fiber bundle. gauge ransformation, holonomy,
nomogensous space Engent bundle geometry, principal bundle. talk for B0XI 07, =tk for Loops 07, talk for UCD 08, the big
5a: 08090057 picture, vector oundie curvamre Page 74/127
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A connection compieiely encodes the local geomeiry of a fiber bundle. Specifically, it describes -
how the local trivializations change as one moves around on the base manifoid. The group of these
changes is the same as the structure group, G, of the fiber bundie. From any point, the infinitesimal change
of a local frivialization when moving in any direction is described by the operation of a Lie algebra element.
These changes may be described via a Lie algebra valued 1-form over the base, the connection,

A =do*A ()T,
with the appropriate action on the fiber elemenis. Using this connection, the covariant derivative of a
section, oz}, (valued in the fiber) is
Vo =do+ Ao = dz* (ﬂp + z’l_BTEJ)

in which the Lie aigebra basis elements, T, act on the fiber. The connection changes under a gauge
transformation so as o keep this derivative covariant.

An Exceptionally Simpie Theory of Everyining, BRST speculation. Chem-Simons form. Discussion. Ehresmann connection,
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The two main pieces from which this site is built are Tiddiv\Wiki, cresied by Jeremy Rusion, and s
sMsath, made by Davide P. Cervone. Both of these excellent open source software packages are under
coniinuing development and have supportive communities. | owe thanks to many people for buiiding the
pieces used for this site, and for helping out with technical detzils. To delve more into the nitty-griity of how
it's put together, and see who coniributed which plugins, go check out the Configuration. If things don't
work perfectly, it's probably my fauit. You can get everything you need to set up a similar wiki for yourseif
from this downioads directory. x

To use it.. iry things. Click on buitons and see what happens, you'll figure it oui.
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superconnection

connection

A connection compleiely encodes the local geomeiry of a fiber bundle. Specifically, it describes -
how the local trivializations change as one moves around on the base manifold. The group of these
changes is the same as the structure group, (5, of the fiber bundie. From any point, the infinitesimal change
of a local frivialization when moving in any direction is described by the operation of a Lie algebra element.
These changes may be described via a Lie algebra vaiued 1-form over the base, the connection,
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changes is the same as the structure group, G, of the fiber bundie. From any point, the infinitesimal change
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v curvature
ﬁ The curvature is pernaps the most important object characterizing the local geometry of a fiber o
E bundle and connection. lis expression and action depends on the action of the siructure group. Taking, for
— exampie, the siructure group to act from the left, the curvature is then a local, Lie algebra (of the structure
- group) valued 2-form defined as
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S in which C ,,° are the structure constants.

The curvature is most intuitively derived in terms of the holonomy of infinitesimal loops.
It may also be derived by applying the covariant derivative twice to any fiber bundle section,
VVC = (d+A) (d—A) C = ddC + dAC = AdC + AAC — (dA+AA) C=FC

DD &> A
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1-form

The velocity, or tangent vector, v, with e
S0 respect to some parameter, £, of a path, 1),

at a point is defined via the directional derivative of a

function, f(z), along the path,

tangent vector
df(dt))| _de(®)| off _ .8

/_‘—\
dt = di foiy ozt am o+

A tangent vector, or simply “vector®, can also be visualized in the pseudo-Euclidean embedsjogspace
containing the manifoid. For a manifold parameierized by coordinates, the coordinate basis vectors are

e2|

A =
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lag (10) - - 2 X

math (2) tangent vector @

mei= (28) - b st
- nat (58) o The velocity, or tangent vector, v, with <=
. paper (40} U _  respectto some parameter, £, of a path, c{t),
= m“? at a point is defined via the directional derivative of a
o miﬁ} function, f(z), along the path,
o - it ®)| _dew| of _ 8

ide il il S ¢ i I il i+ (e

a sm (12} di P di l—n oz o az? lem
_— speculative (8) . . ) ) i )
'.5 55 (7) A tangent vector, or simply "wector®, can ailso be visualized in the pseudo-Euclidean embedding space
a mﬂ;tﬁ?] containing the manifold. For a manifold parameterized by coordinates, ihe coordinate basis vectors are
= | e : B :
- Y - L -

& with the parameterized manifold points, p (), vectors from some arbitrary origin in the flat embedding
S space.
A vector at a point, p, may be written in terms of coordinate basis vectors,
/ =g

The real valued quaniities, v, are the velocity components. (Summation over
repeated indices is implied)

The space of all tangent veciors to a manifold, M, ata

point, p, is a vector space, T, M, the tangent space to
Matp.

| I q > -

The directional derivative of a function may also be be
written using the exterior derivative and vector-form N
algebra Page 94/127

v[f]l = vdf =v'O.f
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The: real valued quaniities, v*, are the velocity componenis. (Summaiion over
repeated indices is implied)

The space of all tangent vectors o a manifoild, M, ata

* point, p, is a vector space, T, M, the tangent space to
= Matp.

_._!’ The direcitional derivative of a funciion may also be be
. written using the exterior derivative and vector-form
= algebra as

= i[f]l = vdf =v8.f

]

= 1-form. Hodge identites, Killing spinor. Lie derivative. Lorentz
-: rotation. Symbols. commutator. coordinate basis vectors. coordinate change, differential form, exgerior derivative. flow. fame.
:'-»_. geodesic, naturad, path, proper ime, pullback. rearﬁ'img. suhmanifold geqrnetl",r. tangent bundie. engent bundle paralled
.g ransport. vector bundie paralled ransport. vector projection onto & section. vector valued form, vector-form algebra

ﬁ manifold ity i
An oriented n v

dimensional
- may be visualized as a curved
;;T n dimensional surface
L= embedded in a higher
o dimensional, pseudo-Euclidean
v space. A manifold is described
mathematically by a collection

=] of coordinate charts (paiches),
E {(U.. z.)}, with the open sets,

U.,, labeled by a, covering M,
, and the coordinates,

a: 08090057 x, : U, —+ R™ PRtimedthorphic
maps into open subsets of B"
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manifold =
An oriented n o
dimensional

differentiable manifold, M,
may be visualized as a curved
n dimensional surface
embedded in a higher
dimensional, pseudo-Euclidean
' space. A manifoid is described
\ mathematicaily by a collection
\ of coordinate charis (paiches),

/ / \
.Ill ! I'. I
7 Fi ( \ {(U., z.)}, with the open sets,
sl 'q‘ = U'i :f_,. ., labeled by a, covering M,
rR"™ . ) r" - and the coordinates,

r, : U, —+ &™, homeomorphic
. maps into open subsets of B"
: such that overlap maps, z, o z, : R* — M — R", defined on z;(U. " U,), are infinitely differentiable. So,
every point, z, on the manifold is labeled by a set of n real coordinates, z* (), in some chart, I, with
coordinate indices, i, typically running from 1 to n or from 0 to (n — 1). In most practical cases the chart
label, a, is not written and the coordinates are simply written as z* with some chart implied.

AL

4
¥

¢ "' w r,)r,-'{_":'ll H |

L

For more on manifolds, see htin-//en. wikipedia ora/wiki/Manifoid L3

1Sorm. 2-sphere, 3-sphere. An Exceptionally Simple Theory of Everything, Chem-Simons form, Clifford bundle, Clifford vector
bundle, Curvature of bosonic part, Discussion, Killing vector, Lie group., Lie group geometry, Symbols, This Week's Finds 253,
almost compiex structure. closed. cohomoiogy, coordinate basis vectors. coordinate change, cotangent bundie.
L2 08090057 diffeomorphism. differential form. distribution, exact ber bundle. funclion. gecdesic. homogeneous space gdiygh naural.
parial derivative. path, pullback. rest rame, spacetime. submanifold. submanifold geomesry, tangent bundie. t2ngent vector,. the
big picture. vector space. vector valued form
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Name Plugin: jsMath

Created by BobMcElrath (edited by Garrett)

Email my first name ai my lasi name dot org

Locsiion | hifn://bob.meelrath.oraffiddivismaiin-2 0.3.himi

Version 13g

Reguires TiddivWiki > 2.1, jsMath > 3.0

Description

mssT- e

syswEmConig
adiing

THLTIT

LaTeX is the worid standard for specifying, typesetiing, and communicating mathematics among scientists,
engineers, and mathemaiicians. For more information about LaTeX itself, visit the LaTeX Proiect. This
plugin typesets maih using jsMath, which is an implementaiion of the TeX math rules and typeseiiing in
javascript, for your browser. Notice the small buiion in the lower right comer which opens its conirol panel.

Installation

In addition io this plugin, you must also insisll [sMaih on the same server as your TiddlyWiki himi file. If
you're using TiddlyWiki without a web server, then the jsMath directory must be piaced in the same location

as the TiddlyWiki himi file.
Examples

Source

Output

The variable $xS is real.

The variable T is real.

The wariable A\ (y\) is complex.

The variable y is complex.

\[\int a"b x = \frac{1}{2}(b"2-a"2}\] is an easy
3 e

ntegral.

This

fI:%(f}Q—ﬂzj

is an easy i i
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NamePlugin: jsMath

|Created by|BobMcElr=ih (edited by Gamett)|
|£E11'ﬁknyﬁ5tmdnw last name dot orgj
|wmmmma1m
Version{1.3.gj

| |Requires|[[ TiddhyWikijlhitp:/fwww. tiddlywiki.com]] &ge: 2.1, [[isMathihtip//fwww. math.union. edu/—dpvc/isMaih/]] &ge;
30
| |Description
'maTeKﬂmﬁEmﬁmhmmm mathematics among scientists,
| enginesrs, and mathematicians. For more information about LaTeX itself, visit the [[LaTeX Projectihttp:/www. atex-
| project.orgf]]. This plugin typesets math using [[jsMathfhtip://www. math. union edu/'dpveljsMathi]]. which is an
implementation of the TeX math rules and typesetiing in javascript. for vour browser. Notice the small buiton in the
lower right comer which opens iis conirol paned.
linstaliation
|Inaﬂ1u1tnﬂ‘mﬂ.mymrmmtzﬁnﬂ'ﬂﬁ:-ﬂ

fwwww_math. union. edu/ downioad/jsMath.himi]] on the same server as your TiddlyWiki htmi
ﬁh If you're using TiddlyWiki without a web server, then the jsMath directory must be placed in the same location
asﬁ-ueﬂrﬂy'\'ﬁﬂiimlﬁp_
'Examples
|E|5|:ui:all.tun.ﬂ1
ﬁﬁﬁevmﬂi&ﬁﬁmﬂ.ﬂ}]‘ﬂnvﬂeﬁlﬁmﬁ.l
H{{The variable \(y\) is complex.}}}iThe variable ‘(y\) is complex.|
[HﬁT!'ns ".Ii‘.u'lt_a‘i: x = \frac{1{2Hb"*2-a"2)\] is an easy integral }}HThis \[lint_a"b x = \frac{1H{2}b*2-a*2}\] is an easy
integral.
| {i{This $Sint_a*b \sin x = {\cos b - \cos a}$$ is another easy integral. JJ}{This $Slint_a"b \sin x = {\cos b - \cos a)$%
-_rsmem_rml .
| H{{Block formatied equations may also use the ‘equation’ environment \begin{fequaiion} \int \tan x = -in \cos x -
| \end{equation} H}iBlock formatied eguations may also use the ‘eguation’ environment \begin{eguation} \int\tanx=- ~
ln \cos x \end{equation}|

g

Egs § 6 @ =¢g

syatmﬁmﬁg eﬁiﬁng plugin Page 107/127




@ Safari File Edit View History Bookmarks Window Help m EE = 4 ([ P(6% Tueb:S7PM Garrett Lisi
800 SciZ1 physics wiki —
| 2= EE::Q- Google

([e-

‘.I-
]

|EPED 4>

About Tags 3Symbols To Do

Q- §+ ¥4 _x2»

September 9, 2008
piece of paper
Advantages of a Wiki
UploadlLog
About
Science in the 215t Century
SiteTitde
superconnection
An Exceptionally Simple Theory of
Ewerything
Elementary Particle Explorer
Instiki

Sentember 8. 2008
Ehresmann Cartan geomestry
isMamPlugin
TextArsaPlugin
Configurstion
Welcome
SiteUrl

September 2. 2008
Plebanski action for a general
Srous
SiteSubtitie
SideBarOptionsText
UploadPlugin
AdvancedOptions
StyleShest
Si

August 14, 2008
SciFoo 2008

August 3, 2008
BRST speculation

b2 A0R00P% 2008
spin foam
June 4. 2008

— B ]

A # http: / / physicswiki.org/sci21/

Sci21 physics wiki

jsMathPlugin

§© @ oeg

jsMathPlugin

0=
[NameiPlugin: jsMathi

|Created bv|BobMcElrath (edited by Gamett)|

|Emailimy first name af my last name dot orgj

ILocationjhitp://bob. mceirath. org/tiddlyjsmath-2_0.3. htmi]

[Version|1.3.g|

|Requires|[[ Tiddhy Wikijhitp/iwww.tiddhywiki.com]] &ge: 2.1, [[[sMathihtip:/fwww._math. union. edu/—dpvcijsMaih’]] &ge;
3.00

'Description

[[LaTeX]] is the world standard for specifying, typesetting, and communicating mathematics among scientists,
engineers, and mathematicians. For more information about LaTeX itself, visit the [[LaTeX Projectihitp/www. |laiex-
project.oraf]]. This plugin typesets math using [[jsMathihttp.//www.math.union. eduw/—dpveljsMath(]], which is an
implementation of the TeX math rules and typesetiing in javascript. for your browser. Notice the small button in the
lower right comer which opens its control panel.

'Instaliation

In addition to this plugin. you must also [[instail

jsMathihttpc/ fwww.math. union. eduw/'-dpvc/jsMath/downioadfjsMath.himi]] on the same server as your TiddhyWiki himi
file. If youre using TiddlyWiki without a web server, then the jsMath directory must be placed in the same location
as the TiddlyWiki himi file.

'Examples

|'Sourcel! Quiputih

H{{The variable $x3 is real.}}}iThe variable 5x3 is real.|

H{{The variable \(y\) is complex.}}}iThe variable \{v\) is complex.|

H{{This \[lint_a™b x = \frac{1{ZHb"*2-a"2)\] is an easy integral }}}This \[\int_a"b x = \Wrac{1H{2}b*2-a"2}\] is an easy
integral.|

H{{This $8lint_a"b ‘sin x = {\cos b - \cos a)8% is another easy integral B} This 3%\int_ab \sin x = {\cos b - \cos a)33
is another easy integral |

H{{Block formaited equations may also use the 'equation’ environment \begin{eguation} \int \tan x = -in ‘cos x
\end{equation} H}iBlock formatted eguations may also use the ‘eguation’ environment \begin{egquation} \int \tan x = -

\In \cos x ‘end{equation}
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jsMiath_Macro('et’ V\eta™;
jsMath.Macro(th’, Vitheta’);
jsMath.Macro(io’ Wiota");
jsMath.Macro(ka' Vikappa’;
jsMath.Macro(la', "\lambda’;
jsMath. Macrolth’, Virho;

jsMiath. Macro('si’, Visigma
jsMath. Macrofta’, \\tau;
jsMath_Macrofup’, \\upsilon™;
jsMath.Macro{ph’, \\phi');
jsMath_Macro{'ch’, Ychi™);
jsMath.Macro('ps', \\psi);
jsMath._Macrof'om'. Yiomega');
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jsMath_Macro{Om’, "Omega');

" misc ®/
jsMiath.Macro('pa’, \\partial;
jsMath.Macro{'na’, \\nabla;
jsMath.Macro(ti', "\times");
jsMath.Macro(1b’, \efi");
jsMath.Macro(Tb', V\right]");
isMath. Macro(1p', \Weft(");
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jsMath.Macro(th' Y\iheta’);
jsMath. Macro{io’, Wiot=™;
jsMath_Macro(ka' \\kappa;
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jsMath.Macro{Th', \\Phi");
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" misc */
jsMiath.Macro('pa’, \\partial;
jsMath_Macro{na’, \\nabla’);
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RCna

\mathbbh{R}

\mathbb{C} n

‘Yud{a}

real numbers, complex
Grassmann number

M T,M T:M

manifold, tangent space
to M at point p,
cotangent space to M at
point p

8 vl

~

x"i \wve{\pa i}

wwe{v}

A\ww{l}

coordinates and
coordinate basis
wvectors with coordinate
indices, tangent vector,
loop

parameier time, proper

time

B
B
o
(ll[y]
.

s,
s g
l:h
Iy
I
iy
(9]

coordinate basis 1-
forms, 1-form, 2-form, 3-
form, differential form of
high or unspecified form
grade

partial derivative, pariiai
derivaiive, exterior
derivative

o o o
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puilback, pushforward
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s BCna (mathhR{E} \mathBE{C} n \ud{a} resi numbers, compiex numbers, dimension,
P2 Grassmann number

3 . = o manifoid, tangent space to M at point p,

- MTMTM MTpMT M :

= 2 i P —P cotangent space to M at point p N
g - == e Ntk = 1 \well coordinates and coordinate basis vectors with
= =& u l x*i \wve{\pa_i} \ve{v} \wv{l} coordinate indices, tangent vector, loop
F tT t \ta parameter time, proper time

3 coordinate basis 1-forms, 1-form, 2-form, 3-
= dr* a b ¢ f \£{dx"i} \£f{a} \££{b} \££f{c} \nf{f} |form, differential form of high or unspecified form
s grade

: s AR\ — partial derivative, pariial derivative, exterior

5 g dd pa i \f{\pa} \f{d] serivati

o & a. \ph \ph"* \ph * diffeomorphism, pullback, pushforward

r - 21 A {\cal L} {\ve{v}} Lie derivative, Lie bracket of two vector fields,
[UT e £ \1b\ve{v}, \ve{ul\rb L \ve{\De} distribution

= ) - . \E{\ve{A}} {\cal L} { \nf{\ve{K}} ikt EuN derivati EUN
= £L. [K L] P \1b\n£{ BEOEIEY rh 1 [T SRR TS S

3] ~ K |TTIE VA 'WE{__K,}}\'R : {‘ LRI bracket, vector projection

a \E{\ve{P}}
w

.ﬁ'-l D VE{\wve{\cal A}} \£ff{\ve{\cal F}} Ehresmann connection, FuN curvature,

a = \f{\cal D} Ehresmann covariant derivative
B 5 . 2 \de i"j \et_{\al \be} \ep_{\al ‘dots |Kronecker deita, Minkowski metric, permutation
= i a2 fas \be} ‘octimes symbol, Kronecker product
=xe L : : N Lie group, inverse of a group element, Ligage 117147
| — g T, T,.Tp =49 AR S AN algebra generators, commutator bracket
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sy T g e real numbers, compiex numbers, dimension,

= ECna mathbb{R} \mathbb{C} n \ud{a} c SIS

: " =t e manifold, tangent space to M at point p,
5 MTMT M MTpMTPR's M & St palntin

__! - = 255 Nuebiu i} \vebtsd Navil) coordinates and coordinate basis vectors with
age z & v 1 ==l B e b bl Sl coordinaie indices, tangent vector, loop

| E T t \ta parameter time, proper time
= coordinate basis 1-forms, 1-form, 2-form, 3-
J? dr* a b ¢ f \E{dx"i} \£f{a} \E££{b} \f£f{c} \nf{f} |form, differential form of high or unspecified form
& grade

—~ e e partial derivative, pariial derivative, exterior

s d, dd vpa i \E{\pa} \£{d) lerivati

o & o. \ph \ph"#* \ph * diffeomorphism, pullback, pushforward

1_'_5 £ jaa A {\cal L} {\ve{v}} Lie derivative, Lie bracket of two vector fields,
' = 1oy \1b\ve{v}, \ve{u}l\rb L \ve{\De} distribution

_ o ) \£{\ve{R}} {\cal L} { \nf{\ve{X}}
A L [KL] P \1b\nf{\ve{K}}, \nf{\ve{L}}\rb L
' \E{\ve{P}}

vector valued form, FuN derivative, FuN
bracket, vector projection

A D \E{\ve{\cal A}} \E£f{\ve{\cal F}} Ehresmann connection, FuN curvature,
= AE{\cal D} Ehresmann covariant derivative

\de i"j ‘et {\al ‘be} \ep {\al \dots |Kronecker deita. Minkowski metric, permutation

¥ nac, s ®

| DD &> (i

e \ba}l \otimes symbol, Kronecker product
i = - . et Lie group, inverse of a group element, Lie
i & g°- TA {T A,T B}\ri 3
Gg T, TyTs g =S A B TR \ED algebra generators, commutator bracket
a: 0000057 & A4 F \£{\na} \E£{A} \££{F} covariant derivative, connection, curvatiie 118/197
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\mathbb{R} \mathbb{C} n \ud{a}

resi numbers, compiex numbers, dimension,
Grassmann number

manifold, tangent space to M at point p,
cotangent space to M at point p

coordinates and coordinate basis vectors with

\bh\wve{v},\ve{u}l\rbk L \wve{\De}

~i \we{) i} \wed{vi ‘\wwil}
x*i \we{ipa i} \ve{v] vw{l} jnate indicas. tan : tor, loop
t \ta parameier time, proper time
coordinate basis 1-forms, 1-form, 2-form, 3-
dr* e b ¢ f \E{dx"i} \f{a} \££{b} \£f£f{c} \nf{f] |form, differential form of high or unspecified form
grade
8, 8d s i AEEGEE XETa) zamaldawahvepalmdmvmwe, exterior
o & a. \ph \ph"#* \ph * diffeomorphism, pullback, pushforward
- {\cal L} {\ve{v}} Lie derivative, Lie bracket of two vector fields,
L. [vu]l; A

distribution

\E{\ve{A}} {\cal L} { \nf{\ve{E}}
\VibA\nf{\ve{K}}., \nf{\ve{L}}\rh L
VNE{\wve{P}}

vector vaiued form, FuN derivative, FuN
bracket, vector projection

\VE{\ve{\cal A}} \£f{\ve{\cal F}}

Ehresmann connection, FuN curvature,

\bel}l ‘\otimes

AZD \f{\cal D} Ehresmann covariant derivative
] \de i"3j \et_{\al \be} \ep {‘\al ‘dots |Kronecker deita, Minkowski metric, permutation
E. Nas €a_ 3 e

symbol, Kronecker product

pa: 00094837 g T, [T).Tg

& g°"— T A \1b{T A,T B}\rb

Lie group, inverse of a group element, Ligage 11911
algebra generaiors, commutator bracket
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BCna \mathbb{R} \mathbb{C} n \ud{a} real numbers, complex numbers, dimension,

= Grassmann number
v . =L e ifold, tangent space to M at point p,
_ M T,M T:M MTpMTp*M o :
e ol LS == = cotangent space to M at point p
_.,__-:'.'.‘ e 275 Vwaf\se i} \vadvl \evfll coordinates and coordinate basis vectors with
e zt 0, v 1 it : : coordinate indices, tangent vector, loop
a t T £ \ta parameter time, proper time
— coordinate basis 1-forms, 1-form, 2-form, 3
3 dr* a b ¢ f \E£{dx"i} \£{a} \££{b} \££f{c} \n£f{£} |form, differential form of high or unspecified form
- _ i \Ef\mal \£7d41 partial derivative, partial derivative, exterior
.g a!- a d pPa 1 l"-.L._l"-._l_.-a}' l"'\.;_'l_ﬂd deri %
o o o. \ph \ph"# \ph * diffeomorphism, pullback, pushforward
> . [5.4], A {\cal L} {\ve{v}} Lie derivative, Lie bracket of two vector fields,
. z LU.Bir \Mb\ve{v}, \ve{ul\rbk L. \wve{\De} distribution
= ) o i \E{\ve{R}} {\cal L} { ‘\nf{\ve{K}} } e EuN derivative. EuN
. e [KL] P \1b\nf{\ve{K}}, \nf{\ve{L}}\rb L VELEMME WAL S, 8 shovionie.
] = Al R ¥ ) {____ _,‘}{}\__ veiP-‘r} {L}} = bracket, vector projection
= AFD \E{\ve{\cal A}} \ff{\ve{\cal F}} Ehresmann connection, FuN curvature,
- = \f{\cal D} Ehresmann covariant derivative

& & 2 \de_i"j ‘et_{\al \be} ‘ep_ {\al ‘dots |Kronecker deita, Minkowski metric, permutation
=] T T \be} ‘\otimes symbol, Kronecker product
E 3 N, T~ Lie group, inverse of a group element, Lie
- G g T, [T,T5] =2k T A WIDCE AT BE VD algebra generators, commutator bracket
- sa: 08090057 7 A F \E£{\na} \E£{A} \fE{F} covariant derivative, connection, curvatiiaee 120/137

Lok = AEi\cal T \fi\vef{\cal T}} | M=urer-Cartsn form. ERresmenrn-Maurer-Cartarn |
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N bR IR\t SR & NadTal resi numbers, compiex numbers, dimension,
ymathbb{R} \ma=thbb{C} n ‘\ud{a} a = i
. = e manifold, tangent space to M at point p,
= e L HIpHEITerH cotangent space to M at point p
’ %3 Aveftom i \velu¥ \ewii) coordinates and coordinate basis vectors wiih
s | r ad v l = LVES. 3 ! L coordinate indices, tangent vector, loop
o i T t \ta parameter iime, proper time
é coordinate basis 1-forms, 1-form, 2-form, 3-
. dz*a b c f \E{dx"i} \£{a} \E££{b} \£££{c} \nf{£f} |form, differential form of high or unspecified form
; grade
= : o , partial derivative, pariial derivative, exterior
3 d dd pa i \f{\pa} \f{d serivati
% o o o. \ph \ph"#* \ph * diffeomorphism, pullback, pushforward
. mar A {\eal L} {\wve{v}} Lie derivative, Lie bracket of two vector fields,
1;5 vt \1b\ve{v}, \ve{u}l\rb L \ve{\De} distribution
) o . \E{\ve{A}} {\cal L} { \nf{\ve{E}} —— EuN o EUN
Ac_ [KL], P 1b\n£{ Anf{\ve{L}}\rb L  [vECtOr T £ ——
- A B H._h‘x:t_h_‘sve{..Kr}}\ \ £ ve{L}}\rh | ket. = e
" \E{\ve{F}}
:- AFD \E{\ve{\cal A}} \ff{\ve{\cal F}} Ehresmann connection, FuN curvature,
) = \E{\cal D} Ehresmann covariant derivative
4\ JJ .3 R \de 1"j ‘et _{\al ‘be} ‘\ep {\al \dots |Kronecker deita, Minkowski metric, permutation
Ed a2 a3 \be} \otimes symbol, Kronecker product
i = L I Lie group, inverse of a group element, Lie
g G g T, [T,T5 3 T_A \1b{T AT H}\rh algebra generators, commutator bracket
s VAF \f{\na} \£f{A} \£F{F} covariant derivative, connection, curvature
= - TT &L £_é \f£{\cal T} \E{\ve{\cal I}} Maurer-Cartan form, El'lraﬁrrrarrn-Maurer-,gm,l :
7 i | \ve{\xi"L A} \we{\xi"R A} form, left and right action vector fieids
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grade
e \E£f\pa}l \E£{d} partial derivative, pariial derivative, exterior
o S derivative
—_ o o o. ‘\ph \ph"* ‘\ph #* diffeomorphism, puilback, pushforward
£ wmal. A {\cal L} {\ve{v}} Lie derivative, Lie bracket of two vector fields,
L - 1Ty \1b\ve{v}, \ve{u}\rb L \ve{\De} distribution
. [}
'::. ) \E{\ve{A}} {\cal L} { \nf{\ve{K}} e S
AL [KL] P 1b\nf{\ve{K}}, \nf{\ve{L}}\rb L.  |'oCtOr form, FuN derivative, FuN
% A o e \V1b\n '\WE{F{,}{ \ = ve{L}}\rb SR > s
— NE{\wve{PF}} vector projech
; A D \E{\ve{\cal A}} \Ef{\ve{\cal F}} Ehresmann connection, FuN curvature,
pa = \f{\cal D} Ehresmann covariant derivative
5 e 2 \de 1i"j ‘et _{\al \be} ‘ep_ {\al \dots |Kronecker deits, Minkowski metric, permutation
s i \be} \otimes symbol, Kronecker product
1 b . . Lie group, inverse of a group element. Lie
= Gg T, [T,,T & g°— T A \1b{T A,T B}\rb
S algebra generaiors, commutator bracket
; VAF \f{\na} \f{A} \£F{F} covariant derivative, connection, curvature
TT = = \E{\cal T} \E{\ve{\cal T}} Maurer-Cartan form, Ehresmann-Maurer-Cartan
‘E_i 5_.1 \wve{\xi"L A} \we{\xi"R A} form, left and right action vector fields
— G- 3 - o ClL CI** Clifford algebra, Clifford group
o] Yo Y s N Nt N § i Nelistio: N} - Nogen g:-lffnrd basis vectors, Clifford basis elements,
—- i ifford pseudoscalar
F
.- — \hat{ \tilde{ \bar{ Clifford involution, reverse, conjugate,
ﬁ 44444 \overline{A}“\dagger } } } Hermitian conjugate, Dirac conjugate
E 3 O symmetric and antisymmetric Clifford algebra
=y W \edot \times
' product
5a: 0809005 \b{A,\dots ,B}\rb A - y : Page 122/127
A, Bl %oz a {\1b{\al\dots\be}\rb} . ——
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form, left and right action

Cl C1°* Clifford aigebra. Clifford group
\ga {\al ‘dots \be} \ga = : o .
Clifford pseudoscaiar
D — \hat{ \tilde{ \bar{ Clifford involution, reverse, conjugate,
AAAAA \overline{A}"\dagger } } } Hermitian conjugate, Dirac conjugate
" Y S symmeiric and antisymmeiric Clifford algebra
i v1b{A, \dots,B}\rh A . » :
S - ESE RS P i antisymmetric
[A,....Bly &, 5 a {\Ib{\al\dots\be}\ch} bracket, index bracket
(4), (4) \Li{A}\ri g \1i{A}\ri Clifford grade g part, scalar part
Ab e WE{A} \EE£E{b} \‘ve{e} Lieforms or Clifforms

Vip{e i}\rp"\al \lp{e \all\rp™i g {

\iphve{u}, \ve{v}\rp

o

i3}

coframe mairix, frame mairix, metric, scalar
product

e* e, VE{e*\al} \ve{e \al} coframe 1-forms, orihonormal basis veciors
e "\f{&% ‘:lpj[e_f_}‘x::f’.'\ai"?'\re{e} ;
\ip{e \al}\rp*"i g {ij}
e |el \nf{e} \1ll{e}\rl volume form, frame determinant
*f € \nf{*£} \f£{ \vwv{\ep} } Hodge dual, Hodge dual projector
= = - .
es (eﬁ) 3 NEfara} \iNs NIp{ats f)\rpiNal NoVs & |7 ceskiCuum. Syuacu CRbm Ao, cumimm
: ) = } scalar
™ T°M ™" T &M tangent bundie, cotangent bundie
e T* Ga"k{}_{ij} \E{\ca}"k{}_j Christoffel symbois, tangent bundle
By TR \EE{R}"k{} J connection, Riemann curvature Page 123/1
R. R AE{R}{} T R

Ricci curvature, curvature scalar
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Ip\ve{ul,\ve{vi\rp product
\f{e"\al} \wve{e \al} coframe 1-forms, orthonormal basis veciors
- r{ep iD E?:_* :EI T-5 8 '-.I?E-*_El- :

e \lp{e \al}\rp™i g {ij}
= e el \nf{e} \1l{e}\rl volume form, frame determinant

_3‘ =f e \nf{*f} \ff{ \vw{\ep} } Hodge dual, Hodge dual projecior

e —

- ol F > - : : I

% g (e‘) 3 VE{e™s} \:\: Mlp{e"s il\rp™\al \:\: o = :

= : ) ST scalar
i ™ T-M TM T**M tangent bundle, cotangent bundie

3 re TE pE \Ga"k{}_{ij} \E{\Ga} k{}_j Christoffel symbois, tangent bundle
:_u t I =1 \EE{R}"k{} I connection, Riemann curvature

s R R \E{R}{} j R Ricci curvature, curvature scalar

1;} I2 w? F2 L*\be{}_\al \f{w}"\be{}_ \al Lorentz rotation, tangent bundle spin

- R £k e

| DD “§ > A

VEE{F} " \be{} \al

connection, Riemann curvature

CIM CIAM ciIM C1™1M Clifford bundle, Clifford vector bundle
. o - Clifford connection, spin connection, Clifford-
A R \£{A} \f{\om} \fF{I : ;
WL {a} {\om} \f£{R} Ri R -
R R \£{R} R Clifford-Ricci curvature, Clifford curvature
scalar
f iy - £E{T} \E{\ka} torsion, contorsion
CBAF (ifE] AnEfNGing ) NmiECR] \odEC{ey || S, Sl e C———

extended curvature

5a: 08090057
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VA{AR}\ri g \li{a}\r1 Clifford grade g part, scalar part
WE{A} \f£{Db} ‘\veie} Lieforms or Clifforms
= : . | Vp{e it\rp"\al \lp{e \al}\rp"i g {ij} |coframe mairix, frame mairix, metric, scalar
P (€)™ (ea) 9:; (4. 9) \lphwve{u}, \ve{vi\r product
a e 8 \f{e"\al} ‘ve{e \al} coframe 1-forms, orthonormal basis vectors
o : \f{e} \lp{e i}\rp~\al \wve{e}
=5 e e ARSI i coframe, frame
- \lp{e \al}\rp™i g {ij
%. e |el \nf{e} \ll{e}\rl volume form, frame determinant
) «f € \nE{*£} \££{ \vv{\ep} } Hodge dual, Hodge dual projector
:’2 - (e*") . Veavey NaNs Niptete spvep\at Nols & special frame, special coframe mairix, conformai
E_. TAM T-M TM T"*M tangent bundie, cotangent bundie
-g, s I* R* \Ga"k{}_{ij} ‘\E{\Ga}"k{}_j] Christoffel symbois, tangent bundle
7=1=1 \EE{R}"E{} I connection, Riemann curvature
R R \f{R}{} i R Ricci curvature, curvature scalar
- 2wl F? L*\be{}_ \al \f{w}"\be{} \al Lorentz rotation, tangent bundie spin
= = e \E£{F}~\be{} \al connection, Riemann curvature
"‘--: (JIAM CILAL clIM Cl1"1M Clifford bundle, Clifford vector bundle
-.~. . e . Clifford connection, spin connection, Clifford-
. 4 AwR \E{A} \£{ £€ g :
i {&} {\om} \EE£{R} 5 LA -
=] ” R \eror 5 Clifford-Ricci curvature, Clifford curvature
E scalar
L . \E££{T} \E£{\ka} torsion, contorsion
i 000057 - s Wit =3 --:—, |BRST ghost, anti-ghost, extended connectigé 125117
\ud{ nf{\ 4 adf {2 udf£{F} E
CBAF ud{C} \nf{\od{B}} \udf{A} \udff{F} S e
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\Li{A}\ri g \li{A}\ri Clifford grade g part, scalar part
WvE{AY \EE{Db} ‘\ve{el} Lieforms or Clifforms
i \lp{e S e e = — = E— ix, metric, scalar
= (e)” (ea) @ (uw.v) 7
& e a — You are now running on reserve battery power. nal basis vectors
- \ Please conmect your computer to AC power. [ you do not.
— e e [ 3 - your compurer will go to sieep in a Tew MINUIES [0 preserne
s == the comternts of memory.
a. e |e OK | minant
) *f €
_:; = (Eﬁ)'l = \E{a®a) \:\: \Ipferm iW\ept\al \=\: & special frame, special coframe mairix, conformai
— scalar
S ™ T-M TM T =M tangent bundie, cotangent bundie
1‘} = I~ R* \Ga"k{}_{ij} ‘E{\Ga} "k{}_] Christoffel symbols, tangent bundle
i T =1 \Ef{R}"k{} I connection, Riemann curvature
E R \f{R}{} I R Ricci curvature, curvature scalar
- 2. w2 P L*\be{} \al \f{w}"\be{} \al Lorentz rotation, tangent bundle spin
- = e \E£{F} "\be{} \al connection, Riemann curvature
“': CIM CI M ClM Cl1"1M Clifford bundle, Clifford vector bundie
4 : . - - Clifford connection, spin connection, Clifford-
v Aw R \E{A Wi 4 ££{T : *
w O {a} {\om} \f£{R} Ri e 58
=] Clifford-Ricci curvature, Clifford curvature
£IRl 1
E e \f{R} R
- Ts \EE{T} \E{\ka)} torsion, contorsion
a: 08090057 : e S --.-. |BRST ghost, anti-ghost, extended connecage 126/117
\vud{C} \nf{)\ b ad £ { idfF{F} I g
CBAF ud{C} \nf{\od{B}} \udf{A} \udff{F) = =
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Li{A}\ri g \1i{A}\ri Clifford grade g part, scaiar part
£{a} \fE£{b} \vefe} Lieforms or Clifforms
- _i}\rp"\al \lp{e_\al}\rp"i g_{ij} |coframe mairix, frame mairix, metric, scalar

- \lphve{u}, \ve{v}i\rm product
& = \E{e"\al} ‘ve{es \al} coframe 1-forms, orthonormal basis vectors
___E" e & \E{ eil- \ ;p{a?:_} ‘x::f’l' ‘Val ’ x '-.Tn‘e{ e} :
T \ip{e \al}\rp™i g {ii}
% e |e \nf{e} \ll{e}\rl unlmmfnnn,ﬁ-a'rfdetaminmt
r *y £ \nE{*£} \££{ \vv{\ep} } Hodge dual, Hodge dual projector
;; - (Eﬁ) > VEeray NeNs Niptare sivepar NaVs & special frame, special coframe mairix, conformai
-— : scalar
S ™ T°M ™ TT&M tangent bundie, cotangent bundie
":‘.'i = I* R* \Ga"k{}_ {ij} \E{\Ga}"k{}_3 Christoffel symbois, tangent bundle
) I =1 \EE{R}"E{} I connection, Riemann curvature
R R \£{R}{} i R Ricci curvature, curvature scalar
- IA wl F? L*\be{} \al \f{w}"\be{} \al Lorentz rotation, tangent bundle spin
- 5 e \E£{F} " \be{} \al connection, Riemann curvature
) CIM CIAM cIM C1°1M Clifford bundle, Clifford vector bundie
Ea AwR \£{A} \£{\em} \E££(R} C!rﬁnrd connection, spin connection, Clifford-
Riemann curvature
=] Clifford-Ricci curvature, Clifford curvature
R R \f{R} R '
E (R} i
L. il - \EE{T} \E{\ka} torsion, contorsion
' Sa: 08090057 : ; 12711
BAF \ud{C} \nf{\od{B}} \udf{A} \udff{F} BRST ghost, anti-ghost, extended conneciidse

extended curvature




