Peskin and Schroeder: 3.1
(a) We are given the following commutation relation:

[T, J70) = i (g7 TP — 7P — g T 4 ghe ) 1)

As well, we are given the following relations:

. 1 .. .
Lf = Skt 2)
K'=J% (3)
Hence:
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For the second and last terms, interchange the roles of k and 1
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For the third and last terms, interchange the roles of m and n.
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The next task is to write J7¢ in terms of L* and L

Hence we have:
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(LY, L) = it [} = jelik K

The commutation relation for K can be calculated also:

[K', K]
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The commutation between L and K:

[KZ, Lj] — [JO’L’ 5EﬂdJkIl]
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With these relations derived, one can now determine the commutation rela-
tion between J, and J_ with ease:

[T, 2]
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[Ji,J]] = B (Li + zK) % (Lj + ZKJ)]

_ 1 (Z-EijkLk . 6@'ij]€>
2
Similarly,

(b) Rewrite K and L in terms of J4 and J_:
L=J, +J_

Z'K:J+—J,
Rewriting the transformation, we have
O - (1—-i0-Je+IJ)+p8- T+ -J)P
— 14+ (B—-1i0) - I+ (-0—10)-J_)D

The (%, 0) representation transforms as:
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which means that ® transforms like a right-handed Weyl spinor as indicated

in (3.37) in Peskin and Schroeder.
Similarly, for (O, %) representation, the transformation rule is:

. .
d — (15.0%-0)@
2 2

which is identical to the left-handed Weyl spinor transformation rule.

(¢) The parameterization of the 2x2 matrix is given to be:

Vo+Vs Vi —ils L
. =V,o
Vi+iVa Vo—V3



Now we apply the transformation as described:
. O o O o
VMO'H - (1—19~2+5'2> VuUu (14—19'24-5'2)

- <1+(5_i€)';)V#"“<1+(ﬁ+w).;’>

— Vot + (8 —if)- %Vﬂa“ + Vot (B +i6) - % +(B—if)- gvﬂa“ (B + i) -

The last term is quadratic in the infinitessimal parameters, and hence should
be omitted to be consistent. (The above expansion is based on expanding
the exponential to the linear order)

= Vot — Vot + % (Bi —i0;) oot + % (B +i6;) o*'c”

— Vo' + V“Tﬂl {Ui,a“} — @ [o",a“}

— Vot + Vbzﬁi {ai,I} + V]Tﬁl {O'i,O'j} — %0& {ai,f] — ngel [ai,aj}

Recall that o’c? = 69 + i€* g, then:

{ai, aj} = ool +0l0!
= § 467
= 269

{ai,a]} = oo/ —olo’
= 2i6ijkak

And [0%,I] =0 and {o%, I} = 20°. Hence:

= Vol — Vol + VoBio' + V36 4 V0% gy,
— Vo' + VoBiot — ViB' + Vi0:éF oy,
Define antisymmetric tensor w,g such that wo; = 3; and w;; = eijkﬂk . Not-
ing that eijkY/}Hiak = ek”VQUij = e”kViaij, one can rewrite the above
transformation as:

Vot — Vo' + Vowoio' — V'wgi + wiV'o?
— Vo' + Vowopuo! + wioVie? + wi;V'o?

— Vo' + Vowopuo! + wioVie? + wi, Vot — wioV'o?
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— Vot + Vowoua“ + wiMViU“
— Vo' +w,, Vot
— <5Z + w”M) V,ot

Claim that this is identical to what is given in 3.19 in Peskin and Schroeder.
Eq. 3.19 states that for a four-vector V#, the transformation is as follows:

(0% (63 1/ r\&
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where (J"),,5 is given as:
(T )y = i (3204 = 856%)
The proof is as follows:
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