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Abstract

The relationship between generalized differential forms and gen-
eralized vector fields to certain differential forms and vector fields in
superspace is explored. The investigations in this technical report
have some interesting aspects but a more satisfactory approach to
generalized forms and vector fields has now been developed in the
paper Generalized forms, vector fields and superspace.

1 Introduction

Generalized forms have been applied in diverse areas of geometrically re-
lated physics, including twistor theory [1] [2] [3], Lagrangian field theories,
such as BF theory, Yang- Mills, general relativity, Chern-Simons theories [4]
[5] and path space [8]. This paper extends the formal developments and
applications of generalized forms contained in [9] to [14]. Its aim is to ex-
plore relationships between the exterior algebra and differential calculus of
generalized differential forms on manifolds and the algebra and calculus of
exterior forms on supermanifolds. In particular, generalized vector fields,



introduced in [6] and [7], are related to certain vector fields on superspace
and the actions of vector fields on differential forms are discussed.

A review of the algebra and differential calculus of generalized forms
needed in this paper is given in the second section. Different types of gener-
alized differential forms, on an n dimensional manifold M, are labelled by a
non-negative integer N. In this paper the case where N = 1 is considered.
A type N = 1 generalized p—form is defined by an ordered pair consisting of
two ordinary forms of degrees p and p + 1 respectively, where —1 < p < n.
The module of type N = 1 generalized p—forms on M is denoted A?l)(M ).
The exterior product for generalized forms makes the vector space of type
N =1 forms at a point z in M, A¢))(z) = @&,-";A{}y(x), into an associative
algebra, in fact a super-commutative graded algebra. Generalized forms of
degree zero form a commutative ring with 1 # 0. The graded module, and
super-commutative graded algebra over the ring of smooth functions, on M
is equipped with an exterior derivatives, d : Afl)(M ) — Aff)l(M ), a super-
derivation of degree one. While both the exterior algebra and differential
calculus satisfied by generalized forms are similar to the algebra and calculus
of ordinary forms there are some differences. For instance, generalized forms
of degree p = —1 are allowed and the generalized de Rham cohomology can
be different from the de Rham cohomology of ordinary forms.

Properties and actions of generalized vector fields are summarized in sec-
tion three. These objects are ordered pairs of ordinary vector fields and
functions on M. Their actions on generalized forms are extensions of the
actions of ordinary vector fields considered in [10]. The interior products,
Lie derivatives and Lie brackets constructed in [6] are listed in this section.

In section four possible relations between the algebra and differential cal-
culus of type N = 1 generalized p—forms and the exterior algebra and dif-
ferential calculus of certain classes of differential forms on supermanfolds are
discussed. Mappings between generalized forms on M and certain super-
space forms and between a class of vector fields on superspace and generalized
vector fields on M are constructed. The compatibility of these mappings
with exterior products, exterior derivatives, commutators, interior products
and Lie derivatives are considered. Incompatibilities which arise and the
definitions in [6] and [7] are discussed. All these calculations are local so the
manifold M is taken to be R™ and the corresponding superspace to be R™!.
Since the approach to the integration of generalized forms, as developed in
[14], is different from that of superspace integration the integral calculi are
not considered.



The fifth section contains a summary and discussion of the results. Fi-
nally there is an appendix in which some of the results of section four are
illustrated by using them to formulate the Dirac equation in Minkowski space-
time.

In general the forms and manifolds considered may be real or complex
but in this paper it will be assumed, unless it is otherwise explicitly stated,
that the geometry is real, all geometrical objects are smooth and that M is
an n—dimensional real, smooth, orientable and oriented manifold. Bold-face
Roman letters are used to denote generalized forms and generalized vector
fields, ordinary forms on M are denoted by Greek letters and vector fields
on M by lower case Roman letters. The exterior product of any two forms,
for example o and [, is written o, and as usual, any ordinary p—form &,
with p either negative or greater than n, is zero. The degree of a form is
indicated above it and the Einstein summation convention is used

2 Algebra and calculus of generalized forms

The algebraic and differential properties of generalized forms are outlined in
this section using the notation of [13] and [14]. In this paper generalized
forms will be expressed in terms of a minus one-form which is linearly in-
dependent of ordinary forms on M, [13]. Hence a basis for type N = 1
generalized forms consists of any basis for ordinary forms on M augmented
by a minus one-forms m. These latter type of objects have the algebraic
properties of ordinary exterior forms but are assigned a degree of minus one.
They satisfy the ordinary distributive and associative laws of exterior algebra
and the exterior product rule

am = (—1)’ma; m? = 0, (1)

together with the condition of linear independence. Thus, for a given choice
of m, a generalized p-form, ac Afl), can be written as

A=&+"a'm, (2)

where gz, and ‘&’ are, respectively, ordinary p— and (p+ 1)—forms and p can
take integer values from —1 to n. At a point x in M the generalized p—forms

of type N=1, A?l)(x), form a real vector space of dimension %. The
dimension of A} (z) = &,-" A} () is 21+n,
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If ¢ is a smooth map between manifolds P and M, ¢ : P — M, then the
induced map of type N = 1 generalized forms, ¢f,) : A(} (M) — A} (P), is
the linear map defined by using the standard pull- back map, ©*, for ordinary
forms "

Fiy®) = ¢ (B) + ¢ (& m, ®)
pd P a
and o7} (ab) = ¢} (a)p(;)(b). Hence ¢f})(m) = m.

Henceforth in this paper, in addition to assuming that the exterior deriv-

ative of generalized forms satisfies the usual properties, it is assumed that

dm = e, (4)

where € denotes a real constant. If m —m= ym, where u is a non-zero
+1 p+1

p+1 p PT L ptl

function on M, then a = &+ 'am = &+ a m, wherea = p*a. Fur-

thermore dm=¢, where € is also a real constant, if and only if du = 0 and
then € = pe.
The exterior derivative of a type N = 1 generalized form & is then

dh = [db + (-1 e + d'a'm, (5)

where d is the ordinary exterior derivative when acting on ordinary forms.
The exterior derivative d : A}, (M) — Af;;l (M) is an anti-derivation of degree
one,

d(b) = dAb + (—1)"Adb, (6)

and (Afy(M), d) is a differential graded algebra. The exterior derivative is
discussed in more detail in the appendix.

3 Generalized vector fields and type N = 1
forms

The ordinary Cartan calculus consists of three linear operators, the exterior
derivative d, the interior product (or contraction ) i,, and the Lie derivative



£,,where v is an ordinary vector field on M. The H.Cartan formulae, [15],
are satisfied, that is

P =0, dfy — £,d=0,
dl,v —+ Lvd = £v7 £v£w - £w£v = £[U,w}7 (7)

Loty = twdy = Low]y bolw + twly =0,

for all vector fields v and w on M. They span a Lie superalgebra. These
linear operators were used in the definitions of similar operators acting on
generalized forms. They were introduced and defined in [10] for type N =1

forms as follows (for N = 1 see [11]). Let two type N = 1 generalized forms
q q qtl
be given by A=0b+ pgzlm and b =+ S m. The interior (contraction or

inner) product for type N = 1 generalized forms is defined for —1 < p < n
by

© AP p—1
Ty A(l) — A(l)
ivh = iyt + i, % m, (8)

where o = 0, and z'vgz = 0. Then

io(8b) = (i, )b + (~1)PA(i,b), ()
that is , , " ,
io(Bb) = iy (AB) + [in(& 8 ) + (=1)%,("a )] m. (10)

The Lie derivative with respect to v of a generalized form, £,, is defined by
a Cartan-like formula

£oa = i,(da) + d(i,a), (11)
or equivalently
LA = £.b+ (£, 4 )m. (12)
Then
p. 4 pd p, A
£,(ab) = (£,a)b +at,(b). (13)

A@yM) is a graded algebra and there is a natural grading of these linear
operators on A(M), d is degree 1, £, is of degree 0 and ¢, is of degree —1.
These derivations span a super Lie algebra and satisfy the H.Cartan type
relations above.



These results were extended when generalized vector fields were intro-
duced in [6]. In the remainder of this section definitions from that paper
will be listed so that they can be compared with results obtained in subse-
quent sections by using standard superspace results.

A generalized vector field is defined as an ordered pair of an ordinary
vector field on M and a function on M. A generalized vector field V can be
written as

V = (Ul, Uo) (14)
where v; is a vector field and vy is a function on M. The product of a

generalized zero-form, a=a + ém, with a generalized vector field is defined
to be

aV = (v, avo + iv, Q). (15)

It follows from this definition that (lgg)V :lg(gV) where lg is a second gen-
eralized zero-form. Generalized vector fields form a module over the ring of
generalized zero-forms on M.

The generalized contraction or interior product of a generalized vector
field and a generalized p—form & is denoted Iva and is a generalized (p —
1)—form given by

Ivg = ivl(ll)l + [Z'mp(—;l + /{,p(—l)p_l’[)o(l]){]m’ (16)

where k is an arbitrary constant. This is a (graded) derivation of degree
minus one and is constructed to satisfy the Leibniz rule

pd

Iv(Bb) = Iv(B)b + (— 1ALy (b), (17)

where lq) is any generalized ¢— form. In their papers the authors set k = 1.
However this will not be done here so that later results can be easily compared
with results in this section.

The generalized Lie derivative, Cva of a generalized form & with respect
to a generalized vector field V is defined by Cartan-like formula

Lva = Iyda+d(Iva) (18)
= (£, — erprot)+

LA — e(p+ Drvg’d + wp(—1)P " (dvo)& + (—1)Pruodd i m.



It is a derivation of degree zero and satisfies the Leibniz rule

q

£v(Eb) = Ly (B)b + A2y (b). (19)

The generalized commutator of two generalized vector fields V and W is
a generalized vector field and is defined by

{V7W} = ([Ulvwl]v £U1w0 - £w1U0)- (20)

Here W = (wy, wy), and the ordinary commutator or Lie bracket is denoted
with square brackets. The Jacobi identity is satisfied so generalized vector
fields form a Lie algebra. The generalized commutator is constructed so that
for any generalized form

(EvEw — Lwlv)a = Lrv.wya. (21)

A modified Lie derivative Ev, which like the Lie derivative, £y, is a
derivation of degree zero satisfying the Leibniz rule and

(Cvew — Lwsv)a = Lrvwia, (22)

is given by

pt1 +1

Evg = (£U1£z — pEUQCI;é) + (£y, a0 —(p+ ].)EU()p )m. (23)

The modified Lie derivative of a generalized vector field is defined by
va = (['Ul, 'LUl] + €EVoW1, £U1'lU0). (24)

With this definition £ , unlike the unmodified generalized Lie derivative £,
satisfies R R
Eviw — Iwlv = I w- (25)

However, EVW is not equal to the generalized commutator and the modified
Lie derivative of a generalized form is not given by a Cartan-like formula.
The modified Lie derivative will not be considered further in this paper.



4 Superspace, generalized forms and vector
fields

First in this section relations between the exterior algebra and calculus of
type N = 1 generalized p—forms on a manifold M and the exterior algebra
and calculus of certain classes of [p + 1 + r(p)]—forms, —1 < p < n, on a
supermanifold [16] [17] [18], are constructed and explored. Here r(p) denotes
an integer-valued function of p which will be discussed below. Then vector
fields on superspace and generalized vector fields are related and the action
of the vector fields on the differential forms is discussed. All the consider-
ations here are local ones so the real manifold M is taken to be R™ and the
supermanifold to be the Z, graded vector space R”'. Complex manifolds
can be dealt with in a similar way In this section the superspace definitions
and sign conventions generally follow those used in [18].

Let coordinates on R”' be the (even) coordinates of R” and the odd
variable y which commutes with ordinary functions and forms on R™. The
following relations and conventions hold,

y* =0, ydy = —(dy)y, (26)
dydy # 0,
bdy = (—1)(dy)a,
d(ygz) = dygz + yd&,

b . .
where « is any ordinary one-form on R".

q
Let 4 and b be generalized type N = 1 forms on R"”

q q g+l
A=8+" ' mandb=3+ fm, (27)

where dm = € and € is a real constant. If their exterior product is the

degree (p + ¢) generalized form péq,then

q
"¢’ = &b, (28)



Now, for given ¢, k and r(p) introduce the map & : A% (R") — A*(R™Y) by

ReAn R —""a" € A*(R71) where
B dR) ="V = By + (ey + )& [y (29)

Here k is an odd Grassmann parameter, satisfying

dk =0, (30)

and for s = 0 [dy|® denotes the s—fold exterior product of dy with itself, with
[dy]° = 1. Furthermore r : p +— r(p) is an integer-valued function of p as
above.

Under a (super) diffeomorphism y = py +I, where p is of even type

r P ~ P+l
and 1 is odd, du = dl = 0, & = [Gdg + @ + ¥) @ |[dg' P, where
P p+l
a= gz,u re+l Ty =" ,u”(p),e = eu,k = el + k. For fixed m and y and k the
map A?}(R") — ®[A?)) (R")] is bijective.

q q+1+r
Similarly ®(b) is the [¢ + 1+ 7(q)]—form b on R™! given by

q q+1+r(q) q q+1
db)= b =[Bdy+ (ey+Fk) B ][dy"?

and @(péq) is the [p+ ¢ + 1+ r(p + ¢)]—form on R"', given by

PRRECR) _ BBy 1 ey + AB + (—DPE a0 31)

On the other hand the exterior product of of the superspace forms CID(S) and
q
®(b) is given by the [p+ g + 2+ r(p) + (q)]—form

q 14r(p)a+14+7(q)
sRam) = "8 g (32)

= (-0 ASdy + fey + KATS + (~1)7E B Hay) 00,

q q
Hence the exterior product of ®(a) and ®(b) is related to ®(ab) = @(péq)
by



q
d(A)®(b) = (_1)q[r(p)+1}q)(péq)(dy)1+r(p)+r(q)—r(p+q)’ that is (33

a b

p+g+1+r(p+q)
C

= (—1)dr @+ ) (dy) T PFr@-ripta),

Consider now the exterior calculus. The exterior derivative of the gen-
eralized p—form ais given by the (p 4+ 1)—form

dh = (db + (—1)P 8 + da'm, (34)

with image under ® given by the [p+ 2 + r(p + 1)]—form

®(dh) = {[db + (—1)" S dy + (ey + k)dd Hdyy P, (35)

. o +14+r(p) . .
However the exterior derivative of ®(&) =0 s given by

daB)] = a1 & = (db+ (—1)E dy + (ey + W) A& W dyy @, (36)

From Eq.(33) it follows that ® is a homomorphism of the exterior algebras
of generalized forms and forms on superspace, that is

pd N
d(ab) = ¢(a)P(b),
if and only if

L+7(p)+7r(q) —r(p+4q) =0, (37)
(_1)q[7‘(p)+1} —1.

The solution of Eq.(37) is given by

r(p) = 2cp — 1, (38)

where ¢ is an integer. On the other hand, it can be seen from Egs.(35)
and(36) that the map ® is compatible with the exterior derivatives, that is

®(da) = d[®(a)),

if and only if
r(p) =r(p+1). (39)
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This equation requires r to be the constant function. This difference between
the compatibility conditions given by Eqs. (37) and (39) has consequences
which will be discussed below. Before that a relationship between vector
fields on R™' and generalized vector fields on R”, discussed in section three,
will be exhibited.

Let X(l)(Rn‘l) denote the module, over the ring of real functions on R",
of superspace vector fields of the form

0
V= k)— 40
v1 + vo(ey + )ay, (40)
where v; and vy are respectively vector fields and functions on R™. The

Lie supercommutator, of V and W =w; + wq(ey + k:)a% is (with the Lie
superbracket sign convention opposite to [18])

0
[V, W] = ['Ul, ’LUl] + [vl(wg) — wl(vo)](ey + k‘)a—y
Hence the module of such vector fields is an algebra, in fact a Lie algebra.
Furthermore the Lie derivative of W with respect V is

(41)

0
£VW = [V, W] :£U1w1 + [U1<U)0) — w1<1}0)](6y + /{J)a—y
where, as above, £, denotes the ordinary Lie derivative when acting on
tensor fields on R™.

Let ¥ denote the mapping of () (R"1) to the module of generalized
vector fields on R™, x4 (R™) by

(42)

UV U (V) =V, where (43)

V=v1 + vo(ey + /{:)% and V = (v, vp).

For fixed €,y and k the map x(1)(R"!) — ¥(y()(R"")) is a bijection.

It follows from Eqgs.(20) and (41) that this mapping is compatible with the
Lie supercommutator on R™! and the generalized commutator of generalized
vector fields on R”, that is

Y[V, W)={¥(V), ¥(W)} = {V, W}, (44)

where the generalized vector fields ¥(V) = V = (v1,19) and Y(W) = W =
(wyq, wy).
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Such compatibility does not extend in a straightforward way to the inte-
rior product and the Lie derivatives of forms. This is unsurprising consider-
ing the compatibility results above for the map ® and the exterior products
on the one hand and the exterior derivatives on the other hand F'irst consider
the interior product.

The superspace interior product for such a vector field V,iy, is a graded

o . p
derivation of degree minus one and and for any superspace forms, say u and

q .
v, satisfies
pyq N p,. 4

iy (1) = (iyi) + (—1)Pl(iy0). (45)

+147r
The interior product of V with the superspace [p + 1 + r(p)]—form, " (p),

1+r
p+1+7r(p) >0, is the [p + r(p)|—degree form inJr a ® where

1+r
" = By + (ey o+ )y (46)
: +1+r( . ptl r
i 0 = {(in &)y + ey + ki@ + (~1P(r(p) + Dwodi]y (dy)".
It follows from Eqs.(16) and (46) above that there is compatibility of the
interior products iy and Iy above with the maps ® and ¥, that is

O(Ivh) = d(Lywh) =i 0", (47)
if and only if, for integer c,
Kk = 2c, (48)
r(p) = 2cp — 1.
p+1+7(p)

The superspace Lie derivative of the superspace form  a = with respect to
the vector field V is denoted £y is a graded derivation of degree zero and is
defined by the Cartan-type formula

1+r 1+r 1+r(p
V1D+ &L (p) _ d(ivp+ + (p dp+ +( (49)
Calculation gives
+1+r(p
£y a = = {[£o, &+ e(’r + 1)votdy+ (50)

+ ey + K][£0,7a + e(r + Dvg'a + (—=1)P(r + 1)(dvo )&} dy)"®
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Hence the Lie derivatives £y and £y are compatible with the maps ®
and W, that is

B(Lvh) = (Low)h) = £40(8) = £,/ 8", (51)

if and only if

Cva = [£,0+e(r+1)ut] + [£v1pgzl +e(r+ 1)1}0%1 + (=1)?(r+1)(dvy)¥)m.

(52)

By comparing this equation with the expression for Cva in Eq.(18) it is

seen that compatibility under the maps ® and ¥ holds for the superspace
Lie derivative and the generalized Lie of generalized forms if and only if

k=r(p)+1=0. (53)

Hence the only solution of both Eqs.(38) and (39) compatible with Eq.(51)

is
c=0, r(p) = -1 (54)

This is not surprising as the Lie derivative, unlike the interior product,
involves both the latter, with compatibility condition Eq.(48) consistent with
Eq.(38) and the exterior derivative with compatibility condition given by
Eq.(39). When Eq.(54) is satisfied the definitions of the interior product and
the Lie derivative of a generalized form by a generalized vector field (vy,v,)
on R” reduce to the definitions of the interior product and Lie derivative by
the ordinary vector field v; as in [10].

Furthermore compatibility of both the exterior product and exterior deriv-
ative with the maps ® and ¥ and the consequent compatibility of the interior
products and Lie derivatives requires the introduction of a formal superspace
quantity (dy)~' so that the map ® becomes ® : A% (R") — A*(R"") by

ae AL (R™) — "a e A*(R™1) where
Ao OA) =0 =&+ "4 [(ey + k)dy ™). (55)
In order that the earlier calculations using (dy)® continue to hold when s =

—1 the formal object (dy)~! is assumed to be of odd type, have formal degree
minus one, satisfy the usual linearity properties of differential forms and have

13



the same type of properties that (dy)® for non-negative s, that is

dy(dy)~ = (dy)~'dy = (dy)° = (56)
(ey + k) (dy) ™" = —(dy) " (ey + k), Oé(dy)’1 = (=1)P(dy)~'&,
d[d(y)’l] =0, d[a(dy)™"] = da(dy) ", dly(dy) "] = dy(dy) ™' = 1.

Hence, for example, if f is a function on superspace df (dy) =~ = 9 f /O [dE* (dy)~

df /9y, where {£'} are n coordinates on R™.
It is natural, in this context, to define a generalized degree minus one
form m on R™! by

m = (ey + k)(dy) " (57)
so that, from Eq.(55),
m+— ®(m) = m, (58)
a—a+pa1m»—><I>( ):g:&ijgzlm.

5 Conclusion

The first aim of this work was to discover if the algebra and differential cal-
culus of generalized forms could be realized via a mapping into the algebra
and calculus of superspace forms. The second aim was to see if generalized
vector fields could be satisfactorily related to superspace vector fields. For-
mulae that appeared in [13] were developed and employed, in a superspace
context, to construct mappings between generalized forms and superspace
forms. The compatibility conditions between these maps and the exterior
products on the one hand and the exterior derivatives on the other were
found to be different. A mapping of superspace vector fields to generalized
vector fields was also constructed. This map was compatible with the com-
mutators of these vector fields. In addition, when the mapping of forms
satisfied the compatibility conditions for the exterior product, it was com-
patible with the interior products of vector fields and forms However there
was no compatibility between the mappings and the Lie derivatives of forms.
This was not surprising as the computation of the Lie derivative involves the
use of the exterior derivative which required a different compatibility condi-
tion from the exterior product. The incompatibilities could be resolved by
enlarging the concept of superspace differential forms with the introduction

14
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of a formally defined negative degree superspace form. When this was done
it was found that the interior products and Lie derivatives with respect to
generalized vector fields reduced to the ones introduced for ordinary vector
fields in [10]. From the point of view taken in this paper the need for the
modification of the Lie derivative, as discussed and introduced in [6] and
exhibited in section three above, can be traced back to the difference in the
compatibility conditions for the exterior product and exterior derivative. To
sum up, while some interesting results and insights were obtained the origi-
nal aims of this investigation were not fully realized. What the investigation
did indicate was that exterior algebra and calculus of generalized forms are
indeed generalizations of the ordinary manifold and supermanifold algebras
and calculi.

Conversations with Alice Rogers and comments by Pawel Nurowksi are
gratefully acknowledged.

6 Appendix

6.1 The classical Dirac equation

In this appendix the classical Dirac equation in Minkowski space-time is
discussed. This will provide a simple example where the map ®, defined
in section four, that is used is compatible with the exterior derivative but
not the exterior product. Consider four dimensional Minkowski space-time
R with line element given, using two-component spinors[19] , by ds® =
eapeapdéM @ dEPP | where €44 is related to Minkowski coordinates by

an L&+ ¢ —ig?
§ == 1 ) 0 _ ¢3 )
V2 \ & +is & ¢
and spinor suffixes sum and range over zero to one. Using two-component
spinors the classical Dirac equation takes the form

! IZ: i ! IZ:
Oy = —%PA s Oanp™ = —%Um

where 040 = 0/0¢44" and p denotes the rest mass, [20]. Introduce the
four-spinor valued type N = 1 generalized three-form

(1)

g+ Bam
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on four dimensional Minkowski space-time R3 where a4, x and B4, (¥ are
respectively the classical spinor-valued ordinary three-forms and four-forms

! ! ! Z’
XV = o ¢ = NG

’ 7
o= p nan,Ba= EUAU-

A/
p*v,

Here v is the Minkowski volume four-form and n**" = £d¢A% d¢BY d¢pp is

the basis of three-forms dual to the one-forms basis d¢44. The exterior
derivative of the minus one-form m is given by dm = ¢, with € = p.
Consider first the case where the rest-mass is non-zero. The four-spinor
A/
P = < ﬁ_ ) satisfies the classical Dirac equation if and only if the four-
A
spinor valued generalized three-form S is closed

dS = 0.

By the results of section four, when the choice r(p) = 0 is made S corresponds
to the spinor-valued four-form ®(S) on R3/1,

Xy + (py + k)¢
@(s)_( aady + (py + k)Ba )

which is also closed,
d[®(S)] =0,

if and only if the classical Dirac equation is satisfied by ¢ on R'3. When
the Dirac equation is satisfied these forms are not only closed they are also

exact and
A A
S — —ld< xm )  ®(S) :—ld( (g +K)x )
L asm U (hy + k)aa

Consider next the case where the rest-mass p is zero so that the Dirac equa-

tions reduce to a pair of decoupled Weyl equations
aAA,UA = 0; 8AA/pA' = 0.

Since now dm = 0, and therefore (*'m, Bsm, k(Y and kB4 are closed
independently of the field equations, the forms S and ®(S) can be simplified
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~ Al
toS = ( X

QA

are satisfied if and only if the simplified forms S and CID(/S\) are closed. When

the Weyl equations are satisfied these closed forms can be written as the
exact forms o v
§:d(19 );@(g):d(ﬁ dy).
VA Yady

The spinor-valued two-forms 94" and v, are respectively defined up to the
gauge freedoms ¥4 —— 94" + dr?', y4 — 4 + dua where 74 and 14 are
arbitrary spinor-valued one-forms.

Now the spinor valued two-form 94" can be expressed in terms of its
components (potentials) with respect to the coordinate basis

~ Al
) and ®(S) = ( ﬁ A;lg ) respectively, and the Weyl equations

G g SIBC 4 g SO L (5 S EC

where XP¢ = Jd¢BdeOP P = Jdef P, 9fe = Ve, Yamor =
Yaprcry, and similarly for v4. By using this expansion and the equality
o™ = d¥ the solutions of the Weyl equations can be expressed in the
form

7 / 3 /
o4 = 5[3BA'(19AAB) - §5AA'90A ],

when the potentials satisfy the equations
/ 1
c c c
8D,19£,C, = aD(C”l(}A/? + 5(9(,4/900’)-

The solutions p? may be similarly obtained from the complex conjugates of
such equations. This example illustrates a correspondence between gener-
alized forms and superspace forms in a case where the exterior product is
not employed. However it should be noted that, because of the linearity in
this particular example, if the odd superspace coordinate y and parameter
k are replaced respectively by an even coordinate, say on a line bundle over
Minkowski space-time, and a real number, the formulae above, and a closed
form expression for the Dirac equation, still hold.
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