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Figure 1. A comparison of the viscous and inviscid (Euler) solutions for a
Bjorken expansion with radial symmetry. The initial conditions are from P. Kolb’s
hydrodynamic model [9]. The equation of state is p = 1

3
e. The viscosity is proportional

to the entropy η/s = 1

5
. (a) The energy density multiplied by τ for various times (b)

The fluid velocity for various times.

The viscosity is made proportional to the entropy η/s = 1/5. The viscous solution is

compared with the inviscid (Euler) solution shown in Fig. 1. Examine the energy density

in Fig. 1(a). First the viscous solution does less longitudinal work since the longitudinal

pressure is reduced by the longitudinal expansion (see e.g. [4]). Consequently, the energy

density initially decreases more slowly for the viscous case. However, the transverse
pressure is increased by longitudinal expansion. This causes the transverse flow to rise

more rapidly in the viscous case as seen in Fig. 1(b). This larger transverse flow velocity

subsequently causes the energy density to fall more rapidly in the viscous case. By a

time of ≈ 6 fm the viscous and inviscid solutions are similar. In summary, viscous

corrections do not integrate to yield an order one change to the inviscid flow.

Next, I compare two simple models for the viscosity. The first model for the viscosity
is taken from a classical ideal gas with a constant cross sections. In this case η = 1.264 T

σ0

with σ0 = 10 mb. This model of the viscosity has been studied within the domain of

kinetic theory by Gyulassy and Molnar [3].

The second model for the viscosity is referred to as the Minimal Model below. In

this model we take

η =

{

1.264 T

σ0
for e < ec

1

5
s for e > ec

(1)

where ec = 1 GeV/fm3 and σ0 = 10 mb. This model of the shear viscosity has η ∝ T 3

for high temperatures but has a fixed scale σ0 (i.e. Λ−2

QCD) at low temperatures. The

shear viscosity of the Minimal Model is always larger than the fixed cross section model.


