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In the care of turbulent convection ,

the supercritical

instability of the laminar state is separated from
turbulence by a series of instabilities to

different types of pattern .

li)Pipefl a
→ I

Pressure gradient 9¥ < 0 centerline Uc

± = f-%) Uc I
1¥ = → 4¥

stability about this solution : stable up to Re--107

Belief that smooth pipes are braly stable .
2 Hall & Ozcakir : Roughness of

scale c- ⇒ Rice
-%

/ log c-1- %
C =0( 30)



Iii ) Plane ConeHe Flow - - - ---

-

Linearly stable ( Romanov 1973)←

→

but expt → turbulence Re > 350

ciiijplarepoisenillefth
←¥1zhPressure drivers flow.
⇒Linear instability : Rc = 5772 = Uch /u

→ discovered by Heisenberg!
BI : turbulence occurs at Rc ~ 1500

,
expt.

Conclusions * Finite amplitude instabilities .

Critical amplitude of disturbance
C-en

l /Re (Hof)
PRL 2003

* we need to systematically
study sub

- critical transitions !



§2cahig.

There are two stylized facts that were
known

about critical phenomena in the early 1960 's
.

nM ⁿH
1-1=0

Et◦¥:¥÷÷÷i.

order -pÉvameter scaling
' Breakdown of tired

M = Mo 4T¥ / P 1-→TE ① response theory . ②
M ~ H

"
F-Tob-= -1¥

,

h = HIKBI
not M ~ Hlkyt (Carrie)

Widom and kadanoff realised that together there
results are equivalent to

Mct
,
h) = Itf Fm ( Mto) to

where 0 is a new exponent that we'll shortly calculate

Q / What is the function Fm and the exponent 0 ?

A/ • For ① to hold
,
we need fmlz ) = court for 2--0

• For large 2-
,
i.e . h -1-0 t-00 we need to

recover ② which means b- must somehow cancel

out
.
This can only happen if Fm (2) uz

'/£

as z→ 6 .



Then TB - ° /£
= OCD ⇒p8

⇒fmct.hj-tBFn.ch/t#-fMCt,h
) is ostensibly a function of two variables hit ,

but near the critical point is actually a function
of a " similarity

"
or

"scaling
" variable h/GPS

.

We can test this as follows . Take sets of date

for t = ti ,
tr

.

try ,
.
. _

h=h
, ,
hz

,

- - - - -

and

plot @ lti , hi)} .

as

¥
f-

-

-
-

-

- ii.
" hit"

T>I

→ |BacktoslideI



§ 3 .

Predator- Prey Model

ipÉ
density density .

Ñ =

p
AB - d. A
/

AtB→ At A

- A →ᵈ ∅

is = b. B -

p
AB - B →b B+B

We can easily calculate steady dates and phone
portrait .

A- = 0 ⇒ A ( PB - d) =O A:O @ B¥
B. ( b - p A) = 0 B*=O or A*=¥

'

B = 0 ⇒
coexistence
→

81*9 : (A*,B*) = (0,0) ;A(YB*)=(b/p,
L# A-* = O

,
B → • as

ebtast-oo.li#ihty:A--A*s-8AewtB--B*+8Bewt
( o.o) unstable (b1p,d1p) → w = ± iwo

(0,0) unstable Wo = bdM

There oscillations about the coexistence fixed point
describe a

"center "

B



The phare space is obtained from .

ᵈd- =
^:/pj = ftp.B-dp#g--AlPB--d)B(b-pA)

⇒ §dA_ .
@ -pA) = B-d)

◦
A

⇒ bln Alt) - p Alt ) - bln Alo) =pBlt) - dln Blt)
+ PAID

+ dln BIO)
- p Blo)

⇒ bln Act ) + dln Blt) - plaits + BAD

= bln Alo) + dln Blo) - p ( Ato)+Blot)

So [ (f) = blnAct ] +dlnBlt) - p /Act) +BIH)

= Cco ] i. e. a armored integral
of the motion .

This model predicts periodic oscillations , with
trajectory ( amplitude /phase) determined by Cco] .

However
,
this solution is un physical because it is

structurally unstable
.

3.2finikcarryingcapaa.LI
The FP A- = O

,
B = Boebt is an physical

became in reality there is a finite amount of
food for the prey .

So B is bounded



above by what is called "

ca-rrying-apaa.ly
"
.

We model this as

⑤ = b B ( 1- B/k-AB.

⇔¥!:¥o
.

Extinction

A-
*
= O B

't
= K Predator death

. Prey saturate.

A-*
= C- ¥ )pb_ ; B't = dlp Coexistence

stability
Extinction ; unstable

.

Prey saturation : stable pepo = dlk

Coexistence : p > p
,

and linearly stable with
• = -

:# ( I ±✓t"¥l")
Summery No persistent population The phone portrait

.
Cycles .

has stable spiral# B
To see what has gone wrong , go back to

individual
level model .



OY How did ecologists deal with
this embarrassment ?

A/ Let's charge the physical picture .
The predation torn PAB only
applies if the concentration of predator
and

prey is
small

.

But
suppose prey

concentration is large .

Predator
does not need to look far to find a preyto
eat

.
In other words

, prey concentration is
not

a limiting factor . So

p AB → 2*+7-3
where C is a constant .

For Bac
, pAB is recovered

.

For B ⇒ C
p AB → p A indef of B.

This

Ñ = E¥%- - DA
Bi = bB( 1- Blk ) - PcB_☐

This non-linear system does have limit cycles.

Backtoslidest


