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Università di Trieste, Dipartimento di Fisica, strada Costiera 11, 34151 Grignano (Trieste), Italy
(Dated: November 14, 2025)

Extract from the course 302 “Atmospherical Science” by Walter Robinson held at Ur-
bana/Champaign during Fall 1992 [1].

In 2007 the Nobel Peace Prize was awarded to the Intergovernmental Panel on Climate Change
(IPCC) and former US Vice President Al Gore Jr., the Norwegian Nobel Committee called special
attention to their efforts to obtain and disseminate greater knowledge concerning man-made climate
changes and the steps that need to be taken to counteract those changes. According to the IPCC,
there is a real danger that the climate changes may also increase the danger of war and conflict,
because they will place already scarce natural resources, not least drinking water, under greater
pressure and put large population groups to flight from drought, flooding, and other extreme weather
conditions [2].
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I. INTRODUCTION

In dynamic meteorology one applies the fundamental principles of physics to understand and predict the motion
of the atmosphere. Focusing on the motions of the atmosphere, this subject does not address the interactions of
electromagnetic radiation or the chemistry with the atmosphere or the microscopic processes involved in the formation
of precipitation [3].

Consider a velocity profile u of the atmosphere. Its circulation is defined as [4]

C =

∮
u · dℓ, (1.1)

and the vorticity is the circulation for unit area.
The time derivative of the circulation

dC

dt
=

d

dt

∮
u · dℓ =

∮ [
du

dt
· dℓ+ u · du

]
=

∮
du

dt
· dℓ. (1.2)

To study the dynamics of smoke rings we may use the momentum equation in an inertial frame and neglect friction
(assuming a negligible viscosity)

du

dt
= −gẑ − ∇P

ρ
, (1.3)

where g is the gravity constant, ρ is the density of the air, and P is the atmospheric pressure. We then find

dC

dt
= −

∮ ∇P

ρ
· dℓ = −

∮
dP

ρ
. (1.4)

In an incompressible fluid ρ is constant and we find that dC/dt = 0, i.e. C is a constant. This is also known as Kelvin
circulation theorem that holds more generally for a fluid with P = P (ρ) or ρ = ρ(P ).

In Fig. 1 we show a vertical section cutting a smoke ring along its diameter and the velocity profile of the air.
From the close up of Fig. 2 we can say that C = 2πrū with r the internal radius of the smoke torus and ū the air
velocity at the torus surface. Since C is constant as the smoke ring evolves in time its final fate is to disappear with
R → ∞, the ring radius, and r → 0, the torus internal radius. So that we conclude that the speed of the air at the
torus surface must

ū −→ ∞. (1.5)
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FIG. 1. Vertical section cutting a smoke ring along its diameter and the velocity profile of the air. The smoke is in the wavy
regions.
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FIG. 2. Close up of the vertical section cutting a smoke ring along its diameter. R is the outer radius of the smoke ring torus
and r its inner radius. The velocity u at the torus surface has magnitude ū.
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