
PROBLEMS To CONSIDER

for/in relation To THE COURSE

"THE GAUGE PRINCIPLE"



Problem 1 . Let XfFB (M) be a differential character
-

of curvature HeZir(M) (see : p .
2

. ) . Using its defining
property : Xn0, = exp(iSH) Fce( (M) (a3-chein),
derive the contribution of the funcional

(o(2
,
M)c- X + Xy(X(z)

to the fito egts of the PAG -model/see : p . 1).

①



Problem 2 .
Consider a frisson manifold (VM) given by a real

-

reda space V(of-say-dimension () Se a linear Poisson

Director M(4) = <"ya ,
mitten in the stanono

(global) coordinates yo on V associated with a basis

Leabacip of V ,
i . e
., y "(bes) = 0: Gove that It endore

V*

Eog with The structure of a die algetze .

Assume

The letterquadratic ,
that i-equipped with a non-degenerate

symmetric ad-invariant bilinear ko : gxg -> 1.

Write out the Poisson r-model for the Guid X (OI, IR)00
Es AER(2) of in Terms of ko b The Lie backer on of ②



Derive the corresponding fild egts E consider the infinitesimal

gorge transformations from p.4 .
in the natural resentation

of X Er A adopted here . Propose an integrated versies

of there transformations Er Move
the invationo

of the action functional under these integrated

gauge transformations .

③



Roblem 3. show that bisections of the Aliyah groupoid-

At(P) of aprincipal G-bundle P-I are in a one-to-one

correspondence with G-equivariant automorphisms of P.

Roblem 4 . Rove For 3.
-

&



Problems . Consider principal UCD-bundles PaZ
,
Ul)

, Fira) ,
a [1 ,23

-

over the common base I
. Using the Quotient Manifold

Theorem move
that the quotient (Php*TRP2)/2 of the smooth

manifold P.P = &(ppc) /patPa ,
+(12) n P(P) = TP(P2)]

Ep areeupeolive submersions ! ) is- again- smooth.

Show that the quotient is naturally a principal
VI)-bundle over I-we denote it a P. QP2.

given an open cover doilies over which
both In and Pr

hiralize as:p: /EO + G
,
isI (US) -equivaziently) ,

with the respective hosition /cocytes g :-UC) , find
the inducedhinidizations & the transition cocycle of POR . ⑤



Problem 6: Consider a metic manifold (M , gr) with a trivial
-

gabe (B ,
0

, 1) over it. Assume given a group Gc[som (M ,gr)
suchthat BER*(M) (6-invariant) : gange the symmetryGAM
of The PAG smodel through 'minimal coupling' (= verticalisation)
for a livel principal bunde [xG with Minial connection

④(r, 9) = idftTegA(r) (r :G
,
h hg , geG) over[ with nz Lovnzian ,

E wina

The snilling action funded as a polynomial inThe There global

gorge Gild AER(2)
Lief

. Foaling the lotter as a feld

of the new theory ,
derive its Euler-Legrange egts.

Assume the action of G on M que Ge roper ,
Er such

thatgou defines a contiredefinite metric on fibres
6



of the ensuring Mincipal G-bundle M +> M/G (Man) . Uring
that assumption ,

solve the equations for A , a substitute

the solution back in the action functional . Internet

The result as a new r-model for CO2 ,M) with

Tensors (Gm ,
5) .

Trove that the letter are allbacks

ofUnsors from M/G ,
this demonshaling the direct

Descent of Oramics to the symmetry abispo M/G

as the end result of the gounging.

⑦



Problem7 We identify ISOMORPHISM CLASSES of garbes with cohomologylosses
-i

[BiAgin)) of BD 2-cocycles (Bitipgin)(4(20(2) .
On dones

,
we have

the product as in the ledene

[Bitippin)]e[(Bi ,Al ,giful] := [(Bitipin)B ,Aptif] = [(Bi+Bi , Aij+Af , giv giul]
Denote (3(M ;H) : = [[(BiAptipu)] / dBi =0 FicIY (1So-clAsSESof gabes

of unvalue HEZr(M)) · Assume O= [0: List good b show

W3(M ;O) F(M ,
U(K),

where or the right-hand side there appears
be cohomology

of the complex ...-
> [P(0,

VD)
A
y ... ,

b Ap) as in the lecture
,
but restricted to locally constant

maps valued in VC)
,
[P(0

, V11)=(2)~Kerd: ⑧



fore that WS/MiH) is a ferson under the action

WY(M , H) xF2(M , UCK) <W(MiH)
, /[Bign)] ,

[ki)])1 > [Bip , gin)]@ ([(in)]) .

⑨


