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The conservation of angular momentum

The quantity mvr (=mer?) is called angul ar monentum |t

is a consequence of the |Iaw of conservation of energy
that, in the absence of external forces (torques),
angul ar monmentumis conserved, such that

mvr = mor? = const ant

If an object is held to nove in a circular path (an
applied force maintains a centripetal acceleration),
and if the radius of rotation decreases to one half its
original value, what happens to the |linear and angul ar
velocities, v and o, respectively?

Exam ni ng the expression above, we see that the
velocity v will double and the angular velocity o wll
increase by a factor of four.

There are many exanpl es from everyday experience:

e the spinning figure skater

e an object on a string, whirled around and
brought closer to the center of rotation

e water draining froma basin

There are al so i nmportant exanples in neteorology. The
conservation of angul ar nmonmentum explains the Coriolis
effect. Consider air nmoving northward in the northern
hem sphere. Initially it is rotating about the axis of
rotation of the earth with the sanme angul ar velocity as
that of the earth itself, ©=Q. As it northward, its
radius of rotation about the axis of the earth is
reduced. Hence, according to the | aw of conservation of
angul ar nonentum its angular velocity nust i ncrease.
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Let the air nove due north fromlatitude ¢;. Initially,
its radius of rotation is

r = Rcos¢;.

Its angul ar nmonmentum (per unit mass) is

o 2 =0 1% =Q (Rcosd,)?

At latitude ¢o,
Wy T2 =0, (RCOSH,)?
whi ch nmust equal the original value, thus

®, (RCosh,)% =Q (Rcosd;)?

2
0,0 (cosq)lj

Cosd o

and 0y >0

and the air rotates around the axis of the earth nove
qui ckly than does the earth itself. An observer would
see the air as having a conponent to the east, which is
a deviation to the right fromits original path.

It is straightforward to show that the law will also
explain the departure to the right (towards the west)
of an object noving towards the south.

Hori zontal divergence and convergence are common
features of atnospheric flow If air that is rotating
is forced to converge, there will be a concentration of
such rotation and consequent “spin up”. Exanples are
dust devils, tornadoes, water spouts, and cycl ones of
all scal es.
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The thermal wind

We have seen many exanples of weather charts show ng
the air flow patterns at different levels in the

at nosphere. The |ink between patterns at different

| evel s has been stressed but now we can fornalize that
link by evaluating the difference in height of two
pressure surfaces. W do this by introducing the
concept of the thermal w nd.

The thermal wind is not a wind that can be neasured
wth an instrunent but rather is the (vector)
difference between the wind at two | evels (pressure

| evel s). Consider, first, the sinple case of no wnd
near the surface (the 1000 nb surface is horizontal)
and a tenperature pattern with a uniformnorth-to-south
gradient up to the 500 nb | evel.

wind 500 mb
west
P
500 mb
An
z cold warm
no wind
1000 mb 1000 mb
N S

The vertical separation between the two pressure |evels
is called the thickness (in this case, the 1000 to 500
nb thickness). Now, pressure is a consequence of the
mass of at nmosphere above the |evel in question. Thus,
bet ween 1000 and 500 nb, there is a fixed nass of

at nrosphere. The thickness of this mass is a function of
the density of the air which, in turn, is a function
only of the nean tenperature of the layer. In regions
of warmair (as in the south end of the diagram the
thickness is large, while, where tenperatures are | ow,
the thickness is small.

The slope to the 500 nb surface seen in the diagramis
therefore a direct consequence of the distribution of
tenperature between these two pressure | evels. Know ng
the 1000 nmb height field, and knowing this distribution
of tenperature, we can determ ne the 500 nb hei ght
field.
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Now, at 500 nb the di agram shows a sl ope upwards
towards, the south. Qur know edge of the geostrophic
wind tells us that the wind will be fromthe west (into
the paper with | ow heights on the left). The difference
between the wind at the surface and the wind at the 500
nb |l evel is a consequence of the difference in the

sl opes of the 1000 and 500 nb surfaces, which, in turn
is a consequence of the tenperature gradient. The
difference in wind between the two | evels (the thernal
wind) relates to the tenperature pattern (low
tenperature on the left) the same way that the
geostrophic wind relates to the pressure pattern (low
pressure on the left).

This rule applies in general, when the |low | evel w nd

is not zero and when the wind is not aligned with the
i sot herns. The di agram bel ow shows this:

-10°C

Here, V; is the wind at the |ower |evel. The
tenperature pattern shows isotherns of nean tenperature
between the two levels. Vris the thermal w nd

“blowi ng” parallel to the isotherns (and proportional
to the tenperature gradient).

The vector addition of V; and Vr yields the wind at the
upper level, V,. Wnd patterns at two |evels are
directly linked by the distribution of tenperature!

As an exanple of the use of this relationship, we can
derive a sinple forecasting rule. Notice that, in the
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exanple in the diagram above, the wind at both | evels
(V1 and V,) both blow fromcold to warm and
tenperatures at any fixed |ocation would be expected to
decrease with tine. The wi nd changes fromV; to V, by
turning in an anticlockw se sense. This is called

backi ng. Backing is associated with a cooling trend as
we see above, while veering (w nd turning clockw se
with height) is associated with a warm ng trend. The
student should verify this.

Soneti mes, one can observe a shift in the wi nd between
two | evel s, perhaps by the notions of clouds at
different height and it is possible to draw a
conclusion regarding the |ikelihood of a warm ng or
cooling trend over the next 24 hours or so.
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Mid-latitude westerliesand the jet stream

The thermal wind relationship explains to us why the
wind is predomnantly westerly in md |atitudes and why
the hi ghest westerly winds are found in the upper

t roposphere.

As in the sinple diagramin the figure before the
previous one, a westerly wind will build up as the
pressure surfaces increase in slope with increasing
hei ght due to the relative warnth of the low | atitudes
and the relative coldness of the high latitudes. The
followng diagranms illustrate this. H ghest w nds tend
to be concentrated in a jet (the jetstrean) at the top
of the troposphere. Above the tropopause, in the | owner
strat osphere, the tenperature gradient reverses (| owest
tenperature over |ow latitudes), the thermal w nd
reverses in direction, subtracting off fromthe

magni tude of the westerly jet, and winds dimnish with
hei ght .

The di agrans show nonthly or seasonal averages which
reduce the nmagnitude of the jet. At any one tine and

| ocation, the jet can be nmuch stronger than those shown
here. Notice the seasonal change in the position and
strength of the jet.



This document was created with Win2PDF available at http://www.daneprairie.com.
The unregistered version of Win2PDF is for evaluation or non-commercial use only.



http://www.daneprairie.com

