



































































































































I PopulationDynamics in SpatiallyextendedSystems 1170

A Spatial range expansion
1 Diffusionequation

if individuals perform
random walk

98 then the local density f Fit
evolves

according to thediffusionequation

If DISK it boundary condition f Fo t 0

initial audition Sfr NoStr

i e Noindividuals placed in a small volume at 1 0

lit j e
Fit spreadingGaussian

plot along x axis E coli in liquid

5 x y 0.2 0 run at 25mms
reen duration 0145

nappy see

250mm s 0.9mmher
fiiH

sine.ms
x far x ̅ g it 2Dt WFD
Sars Fit No unchanged






































































































































2 Rangeexpansion forgrowing population

logisticgrowthofwell mixedpopulation

ft re 1 5 5

allow random spatialmovement

Starting from localized initial spatialdist for

Study in Id for illustration

t.FI I

i
IIInaa

dimensionless form 2 8 5 T rt IF
2 ut u 1 4 Delmenta r Yur

FF 1mm ur

a man
purasatys.mil Iii

n
U uses HEE

refer

Tt 21 edit
1 cqty.lt y o

What is the propagating speed e or v c.FI






































































































































find c suchthat Z z 0 exist

with Y z b 1 Y z w 0

Can visualize as Newton's equ of
motion

for a particle at positiony at time z

Elocity

Y

Ear 1
cd ya y
min

friction Fly dyt
1T

6141 12

expecttwotypesof motion

if friction c is small

get dampedoscillation
aroundy o

un physical since Y cannotbe
ve

if friction c Ruff large over damped

then expectY t
0

a range of allowed c






































































































































quantify theabove conditions using linear

stability anlysis around 7 0 front

for yet 1a edge y

let y ye X ex 1 0

1
iFE car

o e 22

damped ose if C 2 Stable if C 22

propagatingSolin exist for e 2

22 Y A e B e
7 2 25B e

7 2

u 3 T Y co α e
1 3 cc

Amie7 A

e t.EE e
rlx res

allowedspeed v
M

steepnessof
frot

lk eB.EE T eE
made trout
forfasterprop

for ex 2 E GI 1 FEB etc Rx t






































































































































b selection of propagating speed

in general propagating speed
C

can depend on the initialprofilentimmed

examine the soln at the front

u term can be neglected at front

2 U
7

suppose init
card as U 3,0 no é

for Tso look fortraveling solin

U t no e
113 c

then Xc 1 x2
i t

c 7th
3

so

at mostonemin

day o 1 1
2 texter

a

speed depends on steepnessofintprofile a






































































































































Stabilityof frontwith differentslope x
heuristics givenbelow formalsolin via stabilityanalysis

e
B e 1 1 Sharplydeclining init andhim

fc 2 c Coin 2
Ltc

marginalstability

theabove does not apply to broader init and

This for any
init and U 3,0

such that U 0 0 for 30

i e int pop confined to
a certainregion c

then eventually the speedof the front
approaches C Caine or 2 Fir

validation for motile
bacteria population

Cremer2019

13 24 may 1
Steepness k Go Fo






































































































































3 Trigger ware
1230

U order parameter of a bistable system8

Htin

broca r o

a G U

eg magnetization ferromagnet

ftp f
Mitotic wave Chromosomemod

Spatially coupled dynamics
metal

stake

21 D 112 tru a u a b

rt x
2 Izu u a n a b

Stablephase
Propagation from stable to

metastablephase triggenware

u I e 3 Eng
1 c z yb

Note f g
fictitiousdynamics

f y Ily always fromstable
Uly x to metastablephene

Mechanicalanalogy
a ball rolling downf y from a move pass on

and stopexactly at b






































































































































dissipation energy proportional to c

must be exactly equal to ΔU U a U b

unique criterion for prop speed
c

multiply Eq by day and integrate
over 2

1 It c A day
d

di 5 c feb11st fait dat

17518
0

cfdz U H UN Ula U b

c α U a U b

thermodynamic potential Ula
U b OG

is the driving force for propagation



Analysis of trigger wave dynamics 914 1250

24 334 1

914 U curcu.rsrdetU3.4 Y 3 cc
U Salafis

Len 1 17 1 14 0 I.ityglysfigs Yj
Solin try kicking
1 Eyes qq.by

off α y uity.us

α y 41 g us 2y u 43

u y ui g us
α 2y urus hays

3 0 2 21,2
701

α with U2

c with 242

Y z from direct integration z
L y 4 y_us

yizs Y i.li FZoisabitoyshiftof z axis

4113 4113 tank 143 4 2 20



boundary condition Y z w Uz

y z b u 20
1260

c uitus 2U2

propagation to thightifyue
left if Uz

direction of propagation
U us U 4 dy f y fdy y us uz y y 43

Us u uz u 43 425

LEE Y nmn

c ftp Ulus Uca

propagation fromStable to
metastableState

Why does the systemknowaboutmetastability
even though the dynamics is

determinists

existence of Lyapunovfunction
u fax ED E Ulu

He Exit 2 3
can show ft L to except when u solves PDE


