PHY-396 K. Solutions for problem 3 of set #5.

Problem 3(a):

First, let us calculate the commutator [y%4* +*]. According to eq. (18), any product of 2

Dirac matrices can be re-ordered as

14

VAt = 20" — A

Applying this formula twice, we have

(S.1)

Vi = A2 =AY = 20N = (P = 20097 = 20N+ iy (S.2)

and hence

it A7) = 2gMA" — 2g8HaR,

Next, according to eq. (S.1), [v*,4"] = 2y#4¥ — 2¢g"" and hence
S = —L(ytyY — gh").
Consequently,
(ST 1] = =LAt = —igMyt 4 igtiy)
or equivalently
[, ") = igMa — gy
Finally, by Leibniz rule,

[V, 8] = A" [y, S*] + [+, S ]

= V" (ig"y" — igMA) + (ig"y — ig™ )y

AU KV AV K

= Qg™ Y — Qg — gl gt

_ igAu(’YH’YV _gm/) o igm/(,y,u,y)\ _g)\,u)

_ Z'g/\u(,ym,yu _g,‘i,u,) + Z-gmp(,yl/,y)\ _g)\l/)

vy

_ 29)\#5/@1/ - 2951/5#)\ _ 2g)\l/SI€/L + leiusy)\7

(S.3)



and therefore,

[SHA’S/U/:I _ % [7/{7)\’5”1/}
_ igAuSnu _ igfwsu)\ _ Z'g)\l/SH,u, + Z'gKuSV)\ (21)

_ ig/\,uSm/ + ngm/S)\,u . ig)\VSn,u o Z-gnuS/\V_
Q.£D.

Problem 3(b):

{777 = 290 = 20PN 4 27 M
[V, 5 Y] = 29PR Y = 2gPA ARk 2gPH AR — 2gPY R,
[SP7, Y] = igT P+ igTE Py g P
— igP TR — igPR MY — igPt R
The algebra is straightforward.

Problem 3(c):

of

Y = 1% 0as = 9008 = 4

T Ya = 20" — V1" = 297 — 77(4) = —297;
VY Ve = 20"V 0 — AV ve = 29 — A (=29") = 2{¢", '} = 49"
PPV = 200 e — P = 298 = 7 (49™)

= 2(y"y" — 2gM) YN = =294k
(8.7)

Problem 3(d): Let F' = —£0,35%7, thus M = e and M~ = e~F'. We shall use the multiple-

commutator formula for the e~ F'y#etF so we begin by evaluating the single commutator

[V F] = =50ag [, 9] = 1045(9"*7" — 9"97%) = Oapg"*y’ = 7. (S8)



The multiple commutators follow immediately from this formula,

[, F].F] = €037,
[+ F].F].F] = e4e%e%,", (S.9)

Therefore, by the multiple commutator formula,

M7INPM = e Faykett
=" + [ F] + 5[ F)LF] + g [[" FL.F]LF] + -
= A" + OhyY + Lehety + %@“/\@)‘p@pyﬁy” + -
= L

(S.10)

Q.E.D.



