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Scope of Lecture

* Observed growing waves

* Adaptation of equations to f-plane and
iIncompressible fluid with basic shear

* Conditions for growth: short wave cut-off
" Selection of fastest growing wave
" Structure of the growing wave

" Implied limits to forecasting
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Cyclone - early
stages
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Cvclone - later
staaes
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F1a. 12.2.1. The life cycle of extratropical cyclones. (Mainly after J. Bjerknes and




Incompressible flow on f-
plane
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Flow configuration
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Linearised equation and
wavelike solutions
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Vertical structure and
boundary conditions

We seethat v=+i«x

with a wholly real and positive and given by

a=+[a2+p?) ais a scaled horizontal wavelength
£

To find A and B we impose boundary conditions, but these
Involve w, so we need the thermodynamic equation
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1 nermoaynamic
equationfor
incompressible flow
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Linearised form
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Appllcatlon to boundary

nditions
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Equation for time
variation

Last equation being homogeneous, consistency requires
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This expands to
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So the horizontal scale fixes the time-dependence

Note rhs apparently can be positive or negative
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Neutral case

We can show R.H.S. positive for a>a_. (short-wavelengths)

crit

Then g is wholly real so wite =~ @ =0, +i0,=—cA+i0

(uOO—c)Zi\/R.H.S

Turns out that wave amplitudes are constant in time
and disturbance is confined near to a lid.
Wavespeed characteristic of velocity near the relevant lid
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Growing case
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