
Phys 517: Midterm Exam
FaIl 2016

o Write your name and Student ID number in the space provided below and sign.

Narne, Last Name:
ID Number;

Signature:

You have 3 hours.

You are allowed to consult Srednicki's QFT.

Problem 1 (15 points) Show that a 4-vector o : (a0,ri) is spare-like if and only if there is a

Lorentz boost that maps it to a 4-vector of the form (0, b-). Find b'as a function of o0 and d.

Recall that under the Lorentz boost determined by the velocity rt-, every <l-vector a : ("r0,.r-)

transforms according to r0 -+ 
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Problem 2 (15 points) Let J; and K; be the generators of the Lorentz group in its standard
representation, i.e., for all p € {0, 1,2,3} and i, j,k € {1,2,3},

(Jr)oo: (Jr)r,o - (Ji)op:0,
(K,)* : (K;)il": o,

(J1)ip : -iherix,
(K;);o : (Ku)ot: -ihdri.

Use these relations to express [(, Ki] in terms of J1 and/or K1.
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Problem 3 (15 points) Let / be a free real scalar field, a([) is ttre associated annihilation
opera.tor, so that
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aG) : I d3I' le'^ "a(A) + p-'t "d(k)T l .'JR3L

and l[) be a one-pa,rticle state vector with momentum 6. Derive the transformation rule for
a(A) and lk) under the action of a proper orthochronous Poincar6 transformation (A,a), i.e.,
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Problem 4 Consider computing (Ol9{4@)4@) d(r3)}10) in the /3-theory.

4.a (10 points) Find the Feynman diagram(s) that give the leading order terrn in the pertur-
bative expansion of \019 {$(n1)4@z)d@s)\l0l in powers of the coupling constant 9. Justify
youl response.
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4.b) (15 points) use the formula A(r) :: |."ffi;h for the Feynman propasator ro

compute the contribution of the diagram(s) you find in part a of this problem.
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4,c (10 points) Give the Feynman diagrams that contribute to the next to leading order term
in the perturbative expansion of (019 {6@t)4(rr)/(r3)} l0). If possible, include the diagrams
involving the two-point vertices.
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Problem 5 (20 points) Consider a process in which two incoming particles (with momenta k1
and ft2) scatter and produce three outgoing particles (with momenta lq, , k2, , and k3, ). Suppose
that we wish to calculate the leading order term in the perturbative calculation of the scattering
(transfer) matrix elemcnt 7 for this process in the {3-theory. Draw all the (momentum space)
Feynman diagrams that enter this calculation. Label the links bf these diagrams properly and
specify their orientation.
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