
PROBLEMS CLASS 5 

Ex 4et F 2A-,A 
1. Show thot tRe'va.cum Maxwell cans (ie.with J-o) 

have ploan Wave solutious of the fore 
wavenubor -vector 
nouatum -veckor) ikya" 

polan 2 otion vector 

tor Constoant vactors Pa,ku lhich conditions musE Pk obey 

Tha EoM is 

O-0Fu= a'(3A,-3,A 

Lelting A Re (p gives 
NOTATION: 
a-bzab 
aa-a 

ik-

So the plant wae is a Solution p.rovidud hat 

-Kp ktp0 Yu-O,2,3 

2. Takina into account th tfreedoie of gaunge trans torsations, 

how may indupendunt compenests ot P ppear in a gem 
Hinti ry ReceK*) 

Cewst 
plana ave Soution 

ndur a gauga bransto 
Not gounge tremsto 
ettps e piavt prave 



A 
2Ra(P ReFicky)ek 

i.e. P Pet ick 

laking ceiR parely inmaginan) tis alleus us to 
elinin.ott th coponsnt of P parallal to kThen 

Congitudinol cauponaut 
kp a P 

inplies Rat 
k-p k-0 

kak=0 is t dispersielation of elactroun.aqukisw 
Lwhich tells us tRat K 

kpakpo Saus ot he polarization vector pis 
orthoa cmal wik hu Minkowski metrie to th waUe veckor k 
Lor 2auivolstu, mo menhun of the ckro maqnekic wae 

Th gouge kreadom)elininotis enaitidinal com poxant 
ot Pr-

-Th 2quotianpkso elimindtes auotker cetspouuutE 

Fof indapendant ceponats ace f Reudo 

of P = -1-1-2 

NOTE using (**) in )we tind 

Osk p kpt ic kis k p0 
P Prick) - p+ 2ic k-p-ck'=p 

so kp Cnd p a gauge invariout 



Considura complux scalar Piald wit Lagrangian dlensib 

-Fo-36-1e 
1 Show that tau 2urauor 'Hamiltonianis 

E-d(l24+2,4PVG,T))-
28-Bela Ve 

AL hLs 
otati ue 

are h 
NOTATI ONS: 

The Hami ltonian is the intigor ver spac Rot tka ttousiltoxias 
cdussity Lcougallwa 

2. Find tha confjqurations of laast enerquVacuaorounod 
stats")and shau that tiy paramatrize a ircle in felo 
Spaca 

AL 3 terms in t are sepauritily 20, 3 theaARrgy is 
mininsizaa by setbina thum to 22ro Sepamtclu 



Hente th qround statis/vacua are constant field contiqurmton 
that minitize the Scalar potential. tere 

Crale of radus 
a in hu Copux 

to pta 
|-pranjs 
Cnus touts 

3Sho that any wo vacua are relatid bya qlobal U() 
transforwaction. 

Global (internal) U) transfo 

&t 2r) 

Vacuun 1 aeP ad 
Vocuutr 2: ae 

PRercfer(R)uit o=f 

a rk)aet=a-6 

Shou that e Commutastor of two covariaut dariutives 

D--iA is given by 

-i F z(,DJi(2A, -®,A) 
We nd to use 

f,a functions of z 

funchii f 
ot 



whare ti akove ar viawed as diferential operators (funchou of 

act o multipicatim Oud 

2 as operookors 

2 Siooth funcaions of x 

Indeed 
Egfg-gfy= oo 

[]ya,(6+)-t2-¥)G)¥*eGpt-544)-G)-

Than 

F iPD]=a[a,-iAp,,=iA 

A(][,A]=i{A,]-A 



{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

