Homework Assignment #4

Problem 16  Equal time commutation relations.
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For the second quantized Schroedinger equation,
we have, in the Schroedinger picture,
[vX),y T X)]=8Ex-X) ,
[v(X),y(x’)]=0, etc.

(a ) Show that in the Heisenberg picture, this commutation relation
holds at all equal times.

Proof
\Vh(X’t) — eth \lf(X) e—th
\Vh'l'(X,t)=eth y1(x) e 1H!

[y, X0,y t&X0D]=[eH yx) e 1H!, et yt(x') e 1H!]
=elft [y, yt(x)] e M

= 83%(x —x’) which does not depend on t.

(b ) What is the commutation relation for different times?

[\Vh(X:t),\VhT(X’,t')] :[eth \V(X) e—th, piHt \|!'|'(X') e—th']
= plHt \V(X) e 1HE-1) \VT(X') e 1HT
— el yt(x) e - y(x) e 1

which is hard to simplify.




Problem 17(a) = MANDL and SHAW, problem 2.1

Consider a field theory with a set of fields
{o,x),0,x),...,0X), ..., 0,(X) }.

First consider Lagrangian density
£=£(0x), 0,0x))=£(0,., ¢.,)

The field equations (i.e., Euler-Lagrangian equations) are
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Now modify the Lagrangian density. Let
£'= £+ 0A°
where A%(X) is a function of {0,X),0,X), ..., 0., ..., (X }.
Now what are the field equations?
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Problem 17(b) = MANDL and SHAW, problem 2.2

The real scalar field is ¢(x) and the Hamiltonian density is
HEX)=Y{cI*+ (Vo) +p?o*}

The equal-time commutation relations for the quantized fields are
[ox), I(x)]=ind(x-X")
[¢X),0(x)]=0 and [Ix),NEx)]=0

e Calculate[H, ¢(x)] E[A [ mom, p]  (¢ee>
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e C(Calculate[H, Mx)] =4 S’ ﬁx'{ [ vty ] + 4t [ 4360, min] }
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Next, the Heisenberg equations of motion are
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Combining the equations,
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Problem 17(c) = MANDL and SHAW, problem 2.3

Consider a real vector field ¢*(x) with this Lagrangian density,

£=—1/z(6a(pB)(8“(pB)+1/z(8a(p“)(86(p3)+1/zu2q)a(p°‘
or

£=-%(g,, ) (o")+ % (¢* ) (o ) +Yan?o, ¢
where Ppo = o, P -

e Derive the field equation (Euler-Lagrange equation)
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Problem 18
For the free real scalar field (Section 3.1)

(A) Write H in terms of IT1(x) and o(X). wnsr
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(B ) Write H in terms of ay and a, t.

(B) 4:(;51;= %‘r(&:l;ﬁ)‘i{q es\/f-ﬁ—mﬂdu o= S

i a‘é‘ - (L- .w-uf')}

b= . z(m) c_m;{aye

Nt set £ 20 awd elelts (1. (V¥ de ngt dput
~m )

n-—ml"«") 1- ‘*C‘r-i"“f-'{g_

i:-n;}fa»:e g na -.-“’é L o3
+ 4> &, % v gt 07 [a e By ol e 51’7
foﬁ rz,'Jr I'Z;!' CE:)_I" )jﬁ¥£1r A -lz;,"x C‘-"::_CE_.-I;- E.'!Z.

H=—éiz -—{4; __1-(&:4 .LL:+ +dh'a':t€“|:.+£'=+#?j
+("E“"*“'¢. Gy ) (w4 LT+0Y 1 POINT

L L
b= [ Eh k(o b, = [ty (4 h)




Problem 19(A) = Mandl and Shaw problem 3.1.
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Problem 19(B) = Mandl and Shaw problem 3.2.
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Problem 20 = The Yukawa Theory Problem
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Problem 20 = The Yukawa Theory Problem
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Problem 20 = The Yukawa Theory Problem
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