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is smooth o.d.e.
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Hyperbolic Conservation Laws — Features

Oru+divy f(t, x, u) = g(t, x, u)

1. Evolution equations
2. Singularities arise

3. Non reversible (entropy!)
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Hyperbolic Conservation Laws — Features

x € RN space

t € RT time
Oru+divy f(t, x,u) = g(t, x, u) u € R” unknown

f is smooth flow (nx N)

g is smooth o.d.e.

Evolution equations

Singularities arise

Non reversible

Finite Propagation Speed / [u(ta, x) — u(ty, x)] dx
. Q

g = 0 Conservation

AR A

/: /fm f(tx, ”;t’ x)) - v(x)dxdt
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Hyperbolic Conservation Laws — Features

x € RN space
t € Rt time
Oru+divy f(t, x,u) = g(t, x, u) u € R” unknown

f is smooth flow (nx N)
g is smooth o.d.e.

1. Evolution equations

2. Singularities arise

3. Non reversible / u(ta,x) — u(tr, x)] dx

4. Finite Propagation Speed Q
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6. Balance / /69 f (t,x, u ) v(x)dxdt
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Pure Analysis

Thecasen>1, N >1
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Pure Analysis

Large Total Variation

(Bianchini, Colombo & Monti: JDE, 2010)
(Colombo & Monti: CPAA, 2010)
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Pure Analysis

Stability Estimates

(Colombo, Mercier & Rosini: Comptes Rendus Math., 2009)
(Colombo, Mercier & Rosini: Comm. Math. Sc., 2009)
(Mercier: JHDE, 2012)

RMColombo



Hyperbolic Conservation Laws

RMColombo



Hyperbolic Conservation Laws

VACUUM
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Junctions and Pipelines

i

()‘ T

(Colombo & Marcellini: NHM, 2010)
(Colombo & Marcellini: JMAA, 2010)
(Colombo & Garavello: SIAM J. Math. An., 2008)
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Gas flow in a tube with variable section

S —

Otp + 0xq = "((XX)) q
0:q + O q; + p) a((X)) %
Ore + O ( (e+p)) a((;)) ( (e+p))

(Guerra, Marcellini & Sachers: SIAM J. Math. An., 2009)
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Control

flow direction To

/ Tube 2

062(0"‘)

(€5} (0+)

1 Tube 1

(Colombo, Guerra, Herty & Sachers: SIAM J. Control Opt., 2009)
(Colombo, Herty & Sachers: SIAM J. Math. An., 2008)
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| Vehicular Traffic|

Models

/ I
free flow _/ congested flow C
q (vehicles /,) Ji

km
Prmax 0 R0 R P

0 20\ 40 60 vehicles
el )

(Colombo, Marcellini & Rascle: SIAM J. Appl. Math., 2010)
(Mercier: JMAA, 2009)
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rho0 = 0.5, tau = 0.34

| Vehicular Traffic|

Control

Mean Arrival Time

Exit Time

tau

(Colombo, Goatin & Rosini: ESAIM M2AN, 2011)
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| Vehicular Traffic|

Junctions & Networks

(Garavello & Goatin: DCDS A, 2012)
(Garavello & Piccoli: Ann. IHP, 2009)
(Garavello & Piccoli: Book, 2006)

(Coclite, Garavello & Piccoli: SIAM J. Math. An, 2005)
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’ Crowd Dynamics

Models

W .
po(p) Elm

= 9

=] .

= N\

LR ¥ Sk Ca E—

S Ry
0| R R p a9 12346678010

Local density (‘Umzj
(Colombo & Rosini: M2AS, 2005) (Helbing et al: Phys.Review E, 2007)

(Colombo, Garavello, Mercier: M3AS, 2012)
(Colombo, Garavello, Mercier: Comptes Rendus Math., 2011)

(Colombo & Mercier: ActaMath. Sc., 2011)
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. Time = 4.438 Inside = 58.61%

’Crowd Dynamics

Control

. Time = 6.253 Inside = 41.98%

. Time = 11.396 Inside = 0.99%

. Time~ 4.438 Inside = 50.66%

Time =_6.253 Inside = 42.96%

Time = 11.396 Inside = 0.00%

(Colombo, Herty & Mercier: ESAIM COCV, 2011)
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|Granu|ar Materials
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’Granular I\/Iaterials\

Models

3x3 model t=0.36 3x3 model t=1.08 3x3 model t=1.8

Oeh + Ox(hv) = —v (a — |Oxul) h
de(hv) + Ox(hv? + 3g h?) = —g hdxu — v (o — [Oxul) hv + fh
Oru =y (a — |8Xu|) h

(Colombo, Guerra, Monti: IMA J. Appl. Math, 2012)
(Cattani, Colombo, Guerra: ZAMM, 2011)
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| Water Distribution |
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| Water Distribution

Models
e A
o " [8uh+ Bu(hv) =0
h " O¢(hv) + Ox (hv2 + %gh2) =0

h~v-=C ([h* - H*L — [ht - H*L) .\/‘[h— —H—]+—[h+7H+]+’
htvt =h"v™,

(Guerra, Herty & Marcellini: NHM, 2011)
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HCL + ODEs
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HCL + ODEs

Sewer Systems — Blood Circulation

(Borsche, Colombo & Garavello: Preprint, 2012)
(Borsche, Colombo & Garavello: JDE, 2012)
(Borsche, Colombo & Garavello: Nonlinearity, 2010)
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HCL + ODEs

Individuals—Populations Interactions

;__Solution at time 0.543 ;__Solution at time 0.200

05 g 05
0 0 @

05 0.5

T5 Y 05 1 T5 Y 05

(Colombo & Mercier: J. Nonlinear Sc., 2012)
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