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Exercise 1 (50 points): Normalization and complete-
ness of Dirac spinors

By direct inspection prove

(a) (15 points) the normalization condition for spinors w

U_}7"<ﬁ)w7“/ (ﬁ) = 'UJI (ﬁ)'YOUJr/ (]5) = 57‘7‘/)\7‘7
(b) (15 points) the completeness of spinors w
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In the following, the normalization of spinors is chosen such that @(p, s.)u(p, s.) = ds.s.
and 0(p, s.)v(p, s,) = —ds,s . Using the explicit form for u, @, v and v, show that

(c) (10 points)

ul(p, s.)u(p, s) = Triiz 5o

UT(P, s )u(p,s.) = Tripcz 5o
(d) (10 points)
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Exercise 2 (30 points): Projection operators

Show that P = Ay = i% and Py x = Yi(s) = %W’( are two complete sets of
projection operators, ¢.e. both satisfy the conditions
PP; =4, ; F;, ZPZ-:L

Show that Ay are the projection operators on positive- and negative-energy solutions, and
that ¥4 _ are the projection operators on positive- and negative-chirality solutions.

Exercise 3 (20 points): Lorentz transformation identity
Verify that for arbitrary proper Lorentz transformation S:

S =5 S5T.

Exercise 4 (20 bonus points): Gordon identity

Derive the so-called Gordon identity

u(p )y'ulp) = a(p) [5\2“2\?} u(p),

where P=p' +p, g=p —p and o = % [v*, 7]



