Quantum Field Theory: PHY 539 Spring Semester 2018

Solution Assignment 6: Quantum Field Theory

1. Show that equal time commutator for a scalar field and its time like component of the

canonical momentum is given by,
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2. Show the complete step-by-step working for the canonical quantization

of the complex scalar field,
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[@E(X,iﬁ),@ozﬁ(y,t)- = ¥ (x —y) etc.
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(e) Mode Expansion:
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3. In the class we discussed that the non-relativistic Lagrangian density
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for a complex scalar field can be written as,
1
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Apply the Euler-Lagrange equation with respect to the field ! and
derive the Schrodinger equation. Also show that the mode expansion
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yields the conventional energy dispersion for a free particle
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n(20) - 22

(0, v ot
Likewise,
a(giﬁ) B _Q;ai@a(afw)@”w)
= —imaixp(sw
() = g
= —%aiaiqx
Hence - %VQ = o5V




Quantum Field Theory: PHY 539 Spring Semester 2018

which is the schrodinger equation.

if U = Zape_ip'x

p

E —i(Ept—p-X)
ape P

P

ov :

— = —1 Z Epape®™
P

ot

. 1 .
2 2 —ip-X 2 —ip-X
VI = =3 pfape PR+ §pj|p| ape P

p
. —1ip-X
= g Epape

P

P
Comparing the to sides yields Ep, = ‘Qpl
m

4. Starting with the non-relativistic lagrangian given in Q3, and the def-
inition of the amplitude p(x) and phase 6(x) fields, show that the la-

grangian density can also be written as,
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