
Homework 6 Solutions

Problem 1 : (Srednicki problem 84.1)
a) The potential is

V =
1

2
m2v2

∑
i

a2i +
1

4
v4

λ1∑
i

a4i + λ2

(∑
i

a2i

)2
 . (1)

Solving the equation ∂V
∂v = 0 for v and plugging it back into V one gets

V =
− 1

4m
4

λ1A(α) + λ2B(α)
, (2)

where A(α) =
∑
i a

4
i and B(α) = 1.

b) From equation (1) we see that in order for V to be bounded from below

λ1A(α) + λ2B(α) > 0. (3)

c) Equation (2) implies that V reaches it’s minimum when the denominator
is minimum (note the minus sign in the numerator).

d) Here we need to minimize the function

f(ai, α, β) =
∑
i

(
1

4
a4i +

1

2
a2i + βai

)
(4)

For the ai’a we get the cubic equation

a3i + αai + β = 0. (5)

Hence, there are three different solutions whose sum is equal to zero (since
the coefficient of a2i is zero).

e)Starting from the identity
∑
i(xi− x̄)2 ≥ 0 which further implies

∑
i x

2
i ≥

Nx̄2, when xi = a2i we have that

∑
i

α4 ≥ 1

N

(∑
i

a2i

)2

=
1

N
. (6)

For even N it is easy to see that ai = ± 1√
N

with N+ = N− = 1
2N . For

odd N a little bit more complicated analysis shows that again ai = ± 1√
N

with

N± = 1
2 (N ± 1).
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Problem 2 : (Srednicki problem 87.1)
From equation (88.15) we see that

Q = T 3 + Y. (7)

Problem 3 : (Srednicki problem 87.4)
The Feynamn rules for the Lagrangian (87.27) are (r = −p− q):

iV µνρWWγ(p, q, r) = −ie[(p− q)ρgµν + (q − r)µgνρ + (r − p)ngρµ],

iV µνρWWZ(p, q, r) = −ie cot θW [(p− q)ρgµν + (q − r)µgνρ + (r − p)ngρµ],

iV µνρσγγWW = −ie2(2gµνgρσ − gµρgνσ − gµσgνρ),

iV µνρσγZWW = −ie2 cot θW (2gµνgρσ − gµρgνσ − gµσgνρ),

iV µνρσZZWW = −ie2 cot2 θW (2gµνgρσ − gµρgνσ − gµσgνρ),

iV µνρσWWWW = i
e2

sin2 θW
(2gµνgρσ − gµρgνσ − gµσgνρ),

iV µνHWW = −2i
M2
W

v
gµν ,

iV µνHZZ = −2i
M2
Z

v
gµν ,

iV µνHHWW = −2i
M2
W

v2
gµν ,

iV µνHHZZ = −2i
M2
Z

v2
gµν ,

iV3H = −3i
m2
H

v
,

iV 4H = −3i
m2
H

v2
.
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