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2017 S-semester, Quantum Field Theory I (Hamaguchi),
homework (report) problems (June 5).
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e Deadline :
Deadline for [Problem A]: 2017 June 26 (Mon.)
Deadline for [Problem B]: 2017 July 31 (Mon.)

e Submission:
Report Box at the Physics Academic Affairs Office
(Faculty of science bldg. 1, room 208)
or email: hamaguchi@phys.s.u-tokyo.ac.jp
(If you submit via an email and do not receive a confirmation email within three days, please

contact me again.)

e Please write the course name (QFT I), your name, and you student ID at the begin-

ning of your report.
e Reports are not returned. Keep a copy for yourself, if necessary.
e Grades are given based on this homework (report) problem and the exam (on July 24).°

e Contact: hamaguchi@phys.s.u-tokyo.ac.jp

%Though I said that I may give homework problems twice, I combined them into this one set, so this is all.
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[ A] (#&tD6 B 26 B (R))

A-1. E,08) (57— q) ¥ Lorentz AZETH B I L&, z JD boost

3 P\ _ [ B (ps _ 1 _ JEr s
<E>Q<E> (w 7><E> - B ViR

Z BN &

A-2. ﬁA//ﬁB @t %&: \/(pA ~p3)2 — mimQB = EAEB'Urel tfgé Z <‘: %%ﬁo f:f:b Px = (Ex,ﬁx), EX =
VIPx]?+m% (X = A, B), vvel = |pa/Ea — Pp/EB| TH 5,

A-3. HEEZIZOWT, a(p), of (7) DLHBRE RHE Lz &, 25 % ¢(x), d(z) DRBEHR» 5L 2

LEERD,
BT
3 . }
o) = o(t.7) = [ i P @),
pro=p"t=p7 =B = VI +m?,
»o
a(p) = 21E,, / d*ze? (Ep¢(x)+z<i>(x))
a'(p) = 21Ep /d%e*z‘p.x (Ep¢(x) - Z¢(x)> (1)

BT B &R U, (§1.4.1 D Problem(a).) ZOMEEEX &S,

(i) EHZOESGFEAZHWT

/d3xei‘7ﬁ (d)(m) + Eq2¢(a:)) =0 (2)

Rt
(ii) (2) ZHWT, (1) OFALHEH ¢ (ITHERFL 2 WZ & 2 iERE &,

(iii) (1) &, o(z), ¢p(x) DFEKFZIZHE R E FHWT

[a(p), a’ ()] = (2m)20®) (7 - @),
[a(p), a(q)] = 0,
[a®(p),a(9)] = 0
%Rt
(iv) (1)(2) & Heisenberg 1= [H, (z)] = —id(z), [H, d(x)] = —id(x) & FINT
[H,a" ()] = Epa’ (),
{[H, a(q)] = —Epa(q)

Z s,



[Problem A] (Deadline: June 26 (Mon.))

A-1. Show that Ep6(3)(]5' — ¢) is Lorentz invariant, in the case of a boost along the z-direction;

D3 ps\ (v 8\ [ps 1 B e
(EP>_><EI/)>_<'YB 'V)(EP), T 1—52’ Ep = Vp1* +m?.

A-2. Show that \/(pa - pp)? — mim% = EaEpuvre for fa /P, where px = (Ex, px) and Ex = /|px[> + m%
(X = AaB)a and Vrel = ‘ﬁA/EA _ﬁB/EB"

A-3. Consider a free field theory. Suppose that we do not know the commutation relations of a(p) and af(p),

and let us consider deriving them from the commutation relations of ¢(x) and (b(x)

In the lecture, we have shown that, starting from

d3p

- AN [ %P —ipw | (o ip
o1) = 0(0.7) = [ G e e ().
px:pot_ﬁfa pO:Ep:\/Wa
we can derive
a(p) = o /d?’xeip'“; (E o(x) +z¢(x))
VE, ”

01 (3) = —— [ dBze=* (Epp(x) - id(x) (1)
V25,

(Problem(a) of §1.4.1.) Let us continue from here.

(i) Show

/ Pre®® ($(a) + Eio(x)) = 0 @)
by using the equation of motion of the free field.
(ii) Show that the right-hand sides of equations (1) do not depend on time ¢, by using (2).
(iii) Show
[a(@), a¥()] = (2m)*6®) (7 — ),
[a(p), a(@)] = 0,
[a*(p), a"(@)] = 0

by using (1) and the equal-time commutation relations of ¢(z) and ¢(z).

(iv) Show

[H,a"(q)] = Eya’(q),
[H,a(q)] = —Epa(q)

by using (1),(2), and the Heisenberg equations [H, ¢(x)] = —ig(x), [H, ¢(x)] = —ig(x).
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BEXED DI T HZ 8, Bab5HTIERL, HODEETELHE I L,

B-1.

B-2.

B-3.

B HPIZB T AREEIICOVTHEE &,

BOBRFHMIIBIIBAREBEIIZOWT AN T —BOEEE2MIZHAL., BB T HEHETFEA A
YEFIE° Wick DEHE %2 AW/ 51E) YREUERVESNS Z & 2RYE,
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[Problem B] (Deadline: July 31 (Mon.)

Answer and submit OIN€ OY IMOTre of the following three problems. Write the references, if any.

Summarize the report in your own words, not just extracting/excerpting from references.

B-1.

B-2.

B-3.

Explain the Path Integral in Quantum Mechanics.

Explain the Path Integral in Quantum Field Theory in the case of scalar field, and show that it will
lead to the same result as the operator formalism used in the lecture (the formalism which uses the

interaction picture field, the Wick’s theorem, etc).

Write one (or more) point which you do not understand during learning the quantum field theory.

Check the textbooks and/or other literature about it, and summarize what you have learned.



