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For the second part, it’s best to do for each p in turn:

,y v _27071727370 27071727073 27071707273
— 799991929 = =095 = {45,4%} =0,
’7 ,y _27071727371 27071727173 27071717273

— iy = =195 = {4541} = 0.

It is clear that the other two calculations will be similar.

2. We have '
()2 =1, (v)*=-1, i=1,2,3.
,}/0,}/1,}/2 ,}/0,}/1,}/2,}/3,}/3 _ Z—,}/S,}/S
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3.

{’Vua 'YI/} =20y = Yy Ve = 2014,

where 14 is the 4-dimensional identity matrix, usually not written explicitly. Taking
the trace, and using tr(AB) = tr(BA), trly = 4, we get

tr[yu ] = 4.
Now

YV VYo = — V¥ YpYo + 2007 p Vo
=YY YuYo — 2Nup VYo + 20 Yp Ve
= = YWY YoVu + 2Mue Vo Vp — 2Nup Vo Yo + 20w Vp Yo
= YV Yp Vo + VWV VoVu =2MucVoVp — 2Mup Vo Vo + 20V p Vo -

Taking the trace and using

[V Yo Yo Yul = V1Yo Vs ),

together with tr{y,v, = 471,., we find

trhu%/Yp'Ycr] = 4[77uu77pa — NupMvo + nucrnup]
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Normalize

/dsww =1= /47”“2d7°(\R|2(1 +a?))

:>/ r2|R\2dr = [47r(1—|—a2)]*1
0

0
Le=—igs = L= R

so 1 is not an eigenstate of L.

(b.)

(L) = /dslﬂbTsz = /27rr2dcos 0|R|%a® sin? 0
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= (L) = o
(L2) 3(1+4a?)

In H-atom , v/c ~ a = (L,) = O(v?/c?). This is a relativistic effect - spin—orbit interac-
tion.

(c.)
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5. (a) Operating with v70, from the left on the Dirac equation we have

V"0 (v 0y —m) P(x) =
Z% (Y +A"YY) 00 Outh — my" O =
in*" 0,0, + im%y =
i (0"0y +m?) Ih =0
where [ is the 4 x 4 identity matrix.

(b)
VO +imy =0, (99N —imy! =0

= (0T 940 —imyt =0

= (0, )y —imap =0

o (YY) = (Bu)v" 9 + y* (3uy)
= (ima)yh + P(—imyp) = 0

o 0. (VYY) = ()Y Y + Py Y (D)
= (imp)y°Y — py° (P0,) = 2imyy ¢



