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Srednicki 55.1. Use equations 55.13-55.20 and [A;, A;] = [IL;,II;] = 0 (at equal
times) to verify equations 55.21-55.23.

This is our third time solving this tedious problem, so let’s note from the outset that all
polarization vectors k have the same magnitude, and therefore w = w'.

Anyway, we begin by using equation 55.16:
- = = . <~ - g Lo -
lax(k), ax (k)] = {ia,\(k)/dzgxe’kx O A(z), 1ex (k) /al?’ﬂl:’e“”7 o A(x')}
This is:
Aead
0

lax(k), ax (F)] = —ex(K)ex () / Brdds’ [e*ikwﬁﬁ(x),eﬂ'k’x’a E@:')]

We take the derivative as indicated at the bottom of page 341. We also use equation 55.18.
Then:

lax(F), ax ()] = —ex(B)ex (K / Brds’ [eﬂ"mﬁ(m) —jwe ™ A(z), e~ Ti(') — z’we*ik’x’ﬁ(x')}
Only the cross terms survive. This gives:
lax(F), ax (K] = iwer(k)ex (F) / Brds’ {e—“kw%’)[ﬁ(gg), A(a!)] — etk a) [ (5", /Y(x)]}
Now we take this second term and swap the two dummy variables:

lax(F), ax (F')] = iwer(k)ex (F) / Brds’ {e—“kﬁk’x’) - e-l'<’w’+k’x>} Mi(z), A(z")]

We now use equation 55.20. The delta function sets x = &', which causes the term in braces
to vanish. Thus:

- —

lax(k),ax(K")] =0

We can take the Hermitiian conjugate of this to find:

[al(F), al, (K)] = 0
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The other commutator is:
- S - PTG - o, S
lax (), ax ()] = — / Prds’ [2(F) - T o Alw), 5 () - 4T o Alw)|
We write this dot product in index notation:

8 oAl (2')

B ax(F) = ~ABEE) [ Eadd [ Todt (@) Tosl )

Now we take the derivative, and recall that A = —II. Then:
[ax(R), ax (k)] = —ei (R)e3d (K) / Pad’s’ [T ) + iwe M A @), TV (o) — iwe™ AT (o))
Next we recall [A'(x), A (2')] = —[IT(z), IV (/)] = —0.
[ax(k), ax (k)] = —iwe’ (k) (K) / dr Pz’ TR LT (1), AV(2)] + [A(x), T (2')] }
Now we have:
[ax(k), ax (k)] = —iwe} (k) (K) / o P’ TR LA () T ()] + [Al(z), T (2)] }
Now we use equation 55.20:

[ax(k), ax (K)] = wel (k)e3) (K) [ d*x d? ) PH wwrray [ i) (5 KiKE
k), ax (K] = wel (k)ey (K) x d’x g e ¢ i

ST (2 2 k;/k//
+ezk (Z—-Z") <5Zj o k//; ) }

Now we can change the integral k" — —K". Thus:

— — .- .= d3]€” N N (2 k”k//
lax(k), ax (E)] = 2we (k)ey (k) /dgas a3 W iK'z’ k) {elk (@) ((5¢' - ];//2] )}

Now in the second term, one of the dot products is 5,\(15) K , Where K" s integrated over
all possible values. The result, therefore, is zero: for every component of K" in the same
direction as €& A(lg), the —k” will have the component in the opposite direction, resulting in a
cancellation. Thus, the second term vanishes.

Note that this has nothing to do with equation 55.13, as Srednicki claims in his solutions.
Vectors k, k', and k" are all distinct.

This gives:

3 1. =
C; k)s ilka' ko) iR =)
m

[ax(k), ax (K] = 2wel (k)e (K /d?’x d*a’

—~
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This dot product gives:

g — ad - d3k// s (1o ST (2 2
lax(k), ax (k)] = 2wep(k) - €5 (k) /de d*a’ 2y el (Ka'—ha) ik (F=")

Now we can use 3.27 and 55.14:
[ax(K), ay (k)] = 2wi /dgx o’ KT kD) 53 (7 — )
Doing the 2’ integral:
[ax(k), ax (K)] = 2083, [ d*x ' —R)

The temporal components of the exponential vanish, since w’ = w as discussed previously.
Now we use 3.27 again on the spatial parts, which gives:

[ax(E), ax (k)] = 2w(2m)20\0 82 (K — k)

Srednicki 55.2. Use equations 55.11, 55.14, 55.19, and 55.21-55.23 to verify equa-
tion 55.24.

We begin with equation 55.19:

1
H_ HH—|— VAVA JiAi+Hcoul

Now we have equation 55.11, and recall that IT = A. Then:

— Zw Zz/dkdk, E) (E) zkx_|_€)\<];f) (E) Zk“”(zw)] [—si%ﬂ@(k?) ik

A=+ N=

s (F)al (B (i) + L 30 3 / Rk 5 (F)an (¥) (k)™ + <4 (R)al (F) (—k, e

A=£ N=
+ [ @) ar®) (k)™ + a;<15'>a1<f€'><—k;>e-ik’f} — J(w) - () + Heou

Now we do some multiplication and factor terms from the first line with terms from the
second and third lines. The result is:

H=—= Z Z / dkdk’ eA k) - &% (K an(k)ax(K)e ) (w2 + k- 1)

—

LR (R)al (R)al, (F)e #0702 4 BB 4 a0 (F) - €5 (F)a) (B)an (Rt 0% (—F-F — w?)
2R - & () ar(R)al, (F)e 0% (<F - F = w?) } = J(@) - A@) + Heou

The next step is to move from the Hamiltonian density to the Hamiltonian, by integrating
both sides.

H=—- Z > / dkdk' d®x { 5(F) - &% (K ax(F)ax(F)e' ™7 (w2 + k- F)

/\ + N=



—

(k) - Ex (K)al (F)al, (F)e ™8 (w2 4 k- B — &y(k) - 8 (K al (k) ax (k) e ® P2 (k. K + w?
— &(F) - Ex(F)ar(R)al, () 07 (F - B + )} - / d*x J(x) - A(x) + Heou

Now the last two terms look good! In the first term, we use 3.27 to do the x-integral:
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5 27) g 3 /3} # [gA(E) L&y (k)al (R)ay (k)w + &5 (k) - & (k)ax(k)al, (F)w ]

Now we use equation 55.14:

— 27T Z Z/dk (5,WaA(l¥)ax(E)w+5M/@A(E)ax(];) ]

A=x N==%

_ / Bz J(2) - Ax) + Ha

We can do the sum over \:
H = Z /dk w E A(K) —I—a,\(lg)ai(ﬁ)} — /d3x J(x) - A(z) + Heom
We combine these first two terms with 55.23. Then:

H=-= Z / dkw 2% Yax(k) + (27?)32w(53(0)] - / Pr J(x) - Az) + Heou



which is:
H=Y" / TRECINCEDS / dk (27)%26%(0) — / &z J(2) - Alz) + Hoo
A=+ A=+
Using 3.18:
H:Z/Zl%w(ﬂ —i—Z/ Ak 27T3253(0)—/d3xf(x)~ﬁ(x)+H 1
= A 27m)32w on
We simplify, and take the sum:
H= Z / dk w al(k)ax(k) + / d*k wé3(0) — / $r J(x) - Az) + Heou
This gives:
H= Z / dk w al (K)ay(k) + 2E(2m)38°(0) — / &Pz J(x) - A(z) + Heon
As in chapter 3, we interpret V = (27)353(0):
H= Z /dk w ak( (K)ax(k) + 2&V — /d3:17 J(x) - A(x) + Heou

which is equation 55.24.



