Solution 4-1
1)

Either look up or derive the rotation matrices and Taylor-expand up to first order
around o; = 0 w. sin(a) = a+ 0(a?) and cos(a) = 1+ 0(a?) and get

1 0 0 0 O 0
Ri(a1) = [0 cos(a1) —sin(an) ] =14+]0 0 —a1 | +0(af),
0 sin(a1) cos(ar) 0 an O
cos(az) 0 sin(ae) 0 0 a2
Ro(an) = 0 1 0 |=1+| 0 0 0]+0d),
—sin(az) 0 cos(az) —az 0 0
cos(az) —sin(as) 0 0 —az O
Ri(az) = | sin(as)  cos(az) 0| =14+|as 0 0] 4+0(ad)
0 0 1 0 0 0
= read off ﬂ-’s, ie.
0 0 O 0 0 —i 0 ¢ O
=0 0 i, la=(0 0 0 |,ls=|—i 0 0
0 —2 O i 0 0 0O 0 O
Using this calculate [fk,fl] = —i€iimbm and by
[U}g70'l} = 20€kimOm = want [ﬂmi;] = ;:;’; iEklmfm = QiEklmﬂn
= c¢; = £ = {¢;} is either {5}, 3L, 51} or any permutation of {3, 3, 2

Note that if you defined the &, as the generators the resulting constants
are the reciprocals of the ones stated above.

2) a)

Use the Einstein convention:

[k, Tm] = [EkabTaDb, Tm] = Ekab(TaDbTm — TmTaPb + TaTmDb — TaTmPo)
=) <C:k:ab(xapbxm - xazmpb) = _ihfkabxadbm = th€akmTa

[lk>p7n] = [Skabxapbypm] = Ekab(xa,pbpm — PmZTaPb + LaPmPb — -Tapnlpb)
=) eab(TaPmpP — PmTaDb) = ihekabOamps = ihepkmDs

[lk> lm] = [5kabmapb7 87ncd-7:cpd] = 8kabg'mcd(ma,pbacpd - wcpd-rapb)
= Ekabfmcd(xapbxepd — LaZTePbPd — TePdTaPb + LeLaPdPb + LaXePobPd — xcmapdpb) =
EhabEmed (Ta[Pb, Te)Pd — Te[Pd, TalPb)
= ih(EkabEmabTaPd—EkbaEmeaZePd) = th((OkmOad—Ikddam)TaPd— (OkmObe—OkeObm ) TeDb) =
ih(—ZmPr + Tipm) = therm;l;
(*) Since [z, x;] = [pi,p;] = 0 the middle terms in the first two expressions and the
last two terms in the last one cancel.

(%)

b)

Use [A,BC] = [A,B]|C + BJ[A,C] to find:

[lj,lQ} = [lj, lklk] = lk[l]', lk] — [lj, lk]lk = ih(é‘jkmlklm —+ Ejkmlmlk)

= [lk,lm]+ =0

[lj,$2] = [l]‘,kak] = a:k[lj,mk] + [lj,xk]xk = ’ih(Ejkm + akjm)mkwm =0
L, 0% = (L, prpr] = prlly, pr] + [, PE]PE = iR(Ejkm + Ekjm)PrPm = 0



