
Homework 5 Solutions Ph 205b Baoyi Chen

1. Srednicki 48.5
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2. Srednicki 52.3

(a) Since dg/dlnµ = b0g
3/16π2 and dλ/dlnµ = (c0g

4+c1λg
2+c2λ

2)/16π2, for ρ ≡ λ/g2

we have (by the chain rule)

dρ

dlnµ
=

g2

16π2

(
c0 + (c1 − 2b0)ρ+ c2ρ

2
)

(1)

=
g2

16π2
c2(ρ− ρ∗+)(ρ− ρ∗−) ,

where ρ∗± = [2b0− c1±
√

(c1 − 2b0)2 − 4c0c2]/2c2. Working with g and ρ is better
because the beta function for ρ is now separable. For our case, b0 = 5, c0 =
−48, c1 = 8, c2 = 3.

(b) dρ/dlnµ = 0 gives two solutions, ρ∗± = (1±
√

145)/3 = 4.32 and −3.68.

(c) Since g is small, we can treat it as approximately constant. For ρ = 0, βρ is
negative, and so ρ increases as µ decreases, and approaches ρ∗+ from below; ρ
decreases as µ increases, and approaches ρ∗− from above.

(d) When ρ = 5, βρ > 0, ρ flows to ρ∗+ in the IR (low energy limit), and runs off to
infinity in the UV (high energy limit).

(e) When ρ = −5, βρ > 0, ρ flows to ρ∗− in the UV, and runs off to negative infinity
in the IR.

(f) We have dρ/dg = βρ/βg = (c2/b0)(ρ− ρ∗+)(ρ− ρ∗−)/g2. This can be separated and
integrated to get ∫

dρ

(ρ− ρ∗+)(ρ− ρ∗−)
=
c2
b0

∫
dg

g
, (2)

1

ρ∗+ − ρ∗−
ln

∣∣∣∣ρ− ρ∗+ρ− ρ∗−

∣∣∣∣ =
c2
b0

ln|g/g0| , (3)

which yields the claimed result with ν = b0/[c2(ρ
∗
+ − ρ∗−)] = 0.208. The RG flow

diagram is shown in Figure. 1.

(g) As energy increases, RG flow runs away from ρ∗+, thus ρ∗+ is a IR fixed point; RG
flow runs to ρ∗−, thus ρ∗− is a UV fixed point.
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Figure 1: RG flow diagram in ρ − g plane. Arrows are directed towards where energy is
increasing.
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