ANALOGIES OF OCEAN/
ATMOSPHERE ROTATING FLUID
DYNAMICS WITH GYROSCOPES
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Aspects of geostrophic flow and inertial oscillation
in the ocean and atmosphere are analogous to the
motion of a rapidly spinning gyroscope.
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Geostrophic
flow is
ubiquitous:

Atmospheric cyclone over the Irminger Sea
and southwest Iceland at 1410 UTC 4 Sep
2003, as seen by the NASA Aqua satellite
and visualized by clouds. The diameter of
the system is around 750 km.

Geostrophic flow requires small Rossby no.
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[nertial motion
s ubiquitous:

STORMS87 event1 Day 275-300
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Near-inertial motion of satellite-
tracked surface drifters in the North
Pacific Ocean (from van Meurs 1998).

Clockwise circles in phase with period
19h.
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Near-inertial motion of satellite-
tracked surface drifters in the North
Pacific Ocean (from van Meurs 1998).
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Near-inertial motion of satellite-
tracked surface drifters in the North
Pacific Ocean (from van Meurs 1998).
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Geostrophic
flow

Current speed a pgf/€2
and at right angles to pgf

Geostrophic motion in a rotating tank
of water. The image, taken from above,
shows streaks of dye in a tank of water
10 cm deep, rotating at 20 rpm. The
diagonal measures about 17 cm. The
black dot is a floating piece of paper
from a hole punch. Only part of the 40-
c¢m square tank is shown.

Low pressure




Inertial motion

Inertial oscillation in rotating tank of water at 20rpm




[nertial
motion
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Clockwise circles in phase

Snapshot of 4 floating particles
(A-D) with locations tracked
over time. The dimensions of
the image are approximately 7
c¢m by 23 cm and the water
depth is 10 cm.

y*-position (cm)

wind stress bu

. particle locations every 1/30s

| time of still




MITAC mechanically driven,
gimbal-mounted gyroscope Brass gimbal-mounted lecture gyroscope

Gyroscopes




Gyroscope motion

MITAC gyroscope exhibits nutation and precession.

Rotation rate = 225rpm.




Gyroscope motion

Tip motion = precession + nutation
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MITAC gyroscope under torque rotating at 225 rpm. A weight
(visible behind the conical tip) generates a gravitational force,
hence a torque, and the motion is started by a firm push of the
hand. The white line traces the motion of the tip over 12 s.



Precession

Precession .7

o, = mgl (precession frequency)
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Nutation

I _
w =——(nutation frequency),
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Link between equations of motion:

f-plane RSW equations:

Geostrophy < precession
Inertial motion & nutation

Gyroscope equations:

Gyroscope angle coordinates:

o .
—+ 0 ¢sinb, =® O sinb,
dt

dg .
—¢sin 0, -0 =0,
dt

Link for sinf, = 1:

(u,0, f, M) & (6,0,-0,,0,,).




Conclusions




Geostrophic flow




Precession & Nutation
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