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EXERCISE  The Lie brutket O% 2 vedoe f\‘elds Xand Y s a

vector field XY defined by
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a) Derwve the wordinare expression
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USlng the ]Cm:?r that ij: €= egg;@ and w‘—w‘ 0\><) then

(e ) and ((.\J ) are Nverse mq‘h"t(es
fogether with the coordinale o\eﬁnlhono& dwt
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EXERCISE . Derwve the 'f:mme ‘ﬁ:mu\q for a o{-a 2-'631‘7“’
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exercse. Use d(AB) = dua € + -0\ PorndB o prove
some of the ﬁ\\owtmg (some = at least two ). |
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;ur¥ V) = gnd§ x V + £ wdV
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Recdl  (WxU)= Ei5eVOUS

EXAMPLE Minkowskel SFace'ng (2”‘; des) carlesian coords {X.or}c’: o123

X°=t, (e =diag-h\, 1, 1)
p=1 A= Audx™ = Aodh+ Audxt Let A°=—Ao=¢
E v
dA: | af,Ao leb-’\.dt | -i— 53AC AXA\ -+ V aoAtd%Ad'sci

3g3A= "‘z'@urt'?A"'*)“emo\xi‘h
= QA ALY ddindt v (ourd 3A) LAR
P A '
- Ld)"“ EAL BL
= E,

Fuelet  F=dA | then F= Esdcadts 1B erjedx’®,
Fo=Fio, B=3eY®Fe.

It

:K @7> P\L‘%@) are the scalar and vector Pb-ken-}-:&l_s) EL‘&& and Bc%g

are the electnc and magaetic flelds  and
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¥ (o= —wk (;)j)t)zcﬂ-(hz\g)
H'S w‘jtzz~w°
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So =~* dfF = de B) at + (curl E+ aa% ); dx*

Recall ?age di {

Ha\fof Maxwell's 'eq/uai-\‘o&s are ‘k‘nerefore Just
F=dA=0. e [|dvEB=O
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From page 28 .
AF = —Bi akadt + S Eleyedn’”

Weget d*F from dF by rmplaing (E,B) by €B, £).

“xd¥F = (dNEDdE + et B R )i

Let J_#F:* j"’{g))_(« = p %’E + ji&; be +the U-curent vecthoo ffclo\.

and J = *Pd_t_*“.]-eo\xt e U-currenk _i—-fo\rm

Setting, —¥3*F =uT € div E = 4Tp
N e
~ - 0B — 4T
=s cwrlB-SE =
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Prmula d (% Gudx™) = 3 Jf Oygy 9 and
us ' o = EC k= 5. ‘
i ing  Fio Fie=5 @ie) =0*(12,3) (C?ecr&:u%ofa
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ie Feexpess Ld\::f): dﬂf-’J

Note that the metnc enlers these equations only 1n the ¥
OPeru-'ﬁon , So one q nonzerd 4~ form ts spedfiecl , one

has  the genem\\ijhmo{: Moywells e({uah‘ans o any L{-manifo\&_
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EXELCISE
A Jrform O 1is uhyparsu\"fﬁcc%rming lf there exiss @
funcions T and o subthatb 0= otdf  (then A (o) =0).

T Tisavedor field sahsfyng Xf=0  (le XKishngent b
the el sufues of £) then  0(X) = 0T = wdf @ =uXf=0

so 0 wllsalvedvrs fongent fo sucfaces £=1,

Showthat  Grdo =0 if 6 15 hypersucface forming

' E we Nave a meknc g then (th Is a4 nomal vector fle\o{ fo the
level ’ngpe\"‘o‘u-rguce,s of the fmdn'mf :
g(6%X)= 6(X) =0 i T fanghrb £=£,

Oauge ‘fmw]q:mahons
Since F = dA , it A—= A+ dEF +hen
F - O\(A*‘O\‘-?) = dA+ da(? =F Is unchanged.

Changing the vecrr potential by the addifton of Fhe differcntial of a
funchion gwes the same elechomagnehic field.

Suppose ,\P is the wavefwxchon of a pqrh‘c\c,
Since only Pmbab\\s%és and velahve phases malerin QM we are free
‘o rcdtﬁnt all ﬁe\d.s by o position dependent phasefuctor

’\P —> _—fiq/eqf ( G U(JD Mh;FDMﬂHO’\)
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~iq 8 : ~ I
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Then Dﬁ'\y not &V behaves " Co\mnan’}‘lﬂ " ander this P\?"as-e change
and ts Cai\td Hhe " gauge wvanant denvative a{ W ”
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