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second term in (10) is finite, 0(1). Near t = 11", sets= t - 11", h =1 + 77(s), JnJ << 
1, so that (9) becomes approximately 

( 477 + ¼ s2
) !; = A' 

Neglecting the ¼ s2 term, we obtain 

77 = {½A'(s + So)} 112 , 

(11) 

(12) 

the constant of integration s0 ,-, 0(1) being chosen so that 1 + 77(s) joins onto (10) 
at -s s0• The neglect of ¼ s2 in (11) is justified as long as s 0(A'1l 3

) ,-, 0.5. 
As t increases substantially beyond t = 11" , the term h0

4 in (9) dies away so that 
an approximate balance between (A) and (D) reestablishes itself, leading again 
to a one-third power development 

h {12 m 0N(t + t0)}113 

(in dimensional variables), the virtual zero-crossing time of which, t = -t0, occurs 
somewhat earlier than t = 0. 

The various parametric regimes emerge clearly in the exact, numerical solution 
of (1). Figure 1 shows two cases: [u. = 1, m0 = l] and [u. = 3, m0 = ½ ]. The 
ordinates are ratios of various terms, to term (A). Simple, unstratified deepening 
(h ex: t) occurs for the first 30 to 200 sec (depending on the strength of the stress 
and the 'stirring' parameter m0), Kraus-Turner erosion ( ex: t1l 3) then lasts until 15 
to 60 min have passed, when the Pollard-Rhines-Thompson ( ex: t1l 2

) regime takes 
hold, until about 12 hours. Finally Kraus-Turner erosion returns. 

Let us summarize the deepening behaviour we expect from equation ( 1 ) in the 
oceanic situation. [Values correspond to extremes of these parameters: m0 = 0.5-
1.2, u. = 1 - 3 cm/ sec, 271"/ N = 5 min to 10 min, f = 10-4 sec-1, C0 = l.] 

(i) Initially , a linear deepening according to (3), lasting for a fraction of a Brunt-
Vaisala period (~ 100 sec) and attaining a depth of 2-7 m, while the level of 
turbulence in the incipient mixed layer spins up. 

(ii) Next, a t1
/ 3 deepening (4) as the turbulent work done by the wind at the 

surface erodes heavy fluid from below and mixes it uniformly through the surface 
layer, raising the potential energy. 

(iii) Meanwhile, the mean flow has been accelerating, until after 20 to 120 min 
at a depth of 5-20 m, the production of turbulent energy by the shear at the 
base of the mixed layer becomes important, and a t1! 2 deepening (8) takes over, 

(iv) gradually shading into f-112{2(1-cos ft) p 14, equation (10), as Coriolis 
force swings the mean motion away from the wind direction. 
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Figure la. Numerical solution of the complete mixed-layer model equation, (1), showing vari-
ous asymptotic regimes. Solid curve: the ratio DJ A of terms in (1); dashed curve: B/ A; dotted 
curve: C / A. Parameters u. = 1, mo= 1, C, = 1. 
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Figure lb. Same as Figure l a, but u. = 3, mo = ½. 
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(v) Expansion (10) breaks down after one-half pendulum-day, having attained 
a depth of 2314 u,(Nt)- 1! 2 = 12-49 m (for u. = 1-2 cm/ sec). Equation (12) de-
scribes the development around this time. 

(vi) Finally, the shear production energy becomes insignificant, and a deepening, 
proportional to t1/ 3 reestablishes itself. 
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