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Un termometro che risale nel tempo

Piermarco Cannarsa   09/09/2021



Cosa ci dice questa 
macchina del tempo 
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Problemi diretti e problemi inversi

problema inverso 

nota    

determinare

L’evoluzione di un sistema viene descritta da grandezze  
che soddisfano una relazione dinamica 

in tempo discreto 
-                                                                                                 
- o in tempo continuo

<latexit sha1_base64="m14gvGRSyUZsTcqmu4NzqvKVSBU=">AAACC3icbVDLSgMxFM3UV62vUZduQovQQikzouhGKLpxWcHWQluGTJq2oZnMkNwIpXTvxl9x40IRt/6AO//GtJ2Fth4InJxz703uCRPBNXjet5NZWV1b38hu5ra2d3b33P2Dho6NoqxOYxGrZkg0E1yyOnAQrJkoRqJQsPtweD317x+Y0jyWdzBKWCcifcl7nBKwUuDmTRFKl+2Q94sm8C0vt7sx6LIJpL1M9VLgFryKNwNeJn5KCihFLXC/7AxqIiaBCqJ1y/cS6IyJAk4Fm+TaRrOE0CHps5alkkRMd8azXSb42Cpd3IuVPRLwTP3dMSaR1qMotJURgYFe9Kbif17LQO+iM+YyMcAknT/UMwJDjKfB4C5XjIIYWUKo4vavmA6IIhRsfDkbgr+48jJpnFT8s4p3e1qoXqVxZNERyqMi8tE5qqIbVEN1RNEjekav6M15cl6cd+djXppx0p5D9AfO5w8JKJkm</latexit>

u(t) =
�
u1(t), . . . , un(t)

�

<latexit sha1_base64="Dg6g3nhbKDjI/JCWWTlSyc14u3A=">AAACAXicbZDLSgMxFIbP1Futt1E3gptgEVqUMiOKboSiG5cV7AXaoWTSTBuayQxJRiilbnwVNy4UcetbuPNtzLSz0OoPgS//OYfk/H7MmdKO82XlFhaXllfyq4W19Y3NLXt7p6GiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id1pv3VCoWiTs9iqkX4r5gASNYG6tr7yUlceSWL4OOz/olcWyu5RTLXbvoVJyp0F9wMyhCplrX/uz0IpKEVGjCsVJt14m1N8ZSM8LppNBJFI0xGeI+bRsUOKTKG083mKBD4/RQEElzhEZT9+fEGIdKjULfdIZYD9R8LTX/q7UTHVx4YybiRFNBZg8FCUc6QmkcqMckJZqPDGAimfkrIgMsMdEmtIIJwZ1f+S80TiruWcW5PS1Wr7I48rAPB1ACF86hCjdQgzoQeIAneIFX69F6tt6s91lrzspmduGXrI9vlDaVDQ==</latexit>

u(n+ 1) = f
�
n, u(n)

�

<latexit sha1_base64="uWISTb0EBXOl0/fR+5nWwmQ/Qe0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSFD0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2V3m956o0iySj2YeU1/giWQhI9hkUlJ3L0fVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty7QhVXGKIyULWlQrv6eSLHQei4C2ymwmepVLxP/8waJCW/9lMk4MVSS5aIw4chEKHscjZmixPC5JZgoZm9FZIoVJsbGU7EheKsvr5Nus+FdN9yHq1qrWcRRhjM4hzp4cAMtuIc2dIDAFJ7hFd4c4bw4787HsrXkFDOn8AfO5w8SYo2M</latexit>

u(0)
<latexit sha1_base64="T/6VINUpuCFF2iCCtLIVeNUzHgk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR2k1JiqLLghuXFewDmlAmk0k7dPLozI1QQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvfd4ieAKLOvbKKytb2xuFbdLO7t7+wfm4VFbxamkrEVjEcuuRxQTPGIt4CBYN5GMhJ5gHW90M/M7D0wqHkf3MEmYG5JBxANOCWipb56kFag645T4uALOgI2VIBFgq9o3y1bNmgOvEjsnZZSj2Te/HD+macgioIIo1bOtBNyMSOBUsGnJSRVLCB2RAetpGpGQKTebfzDF51rxcRBLXXr9XP09kZFQqUno6c6QwFAtezPxP6+XQnDtZjxKUmARXSwKUoEhxrM4sM8loyAmmhAqub4V0yGRhIIOraRDsJdfXiXtes2+rFl3F+VGPY+jiE7RGaogG12hBrpFTdRCFD2iZ/SK3own48V4Nz4WrQUjnzlGf2B8/gDD0JXA</latexit>

u(t) (t > 0)

<latexit sha1_base64="CZZLll+g7oWeDAiO8aP1ADZK4iI=">AAACEHicbZC7SgNBFIZn4y3G2xpLm8EgJk3YDYiWARvLCOYC2bDMzk6SIbOXzJwVwpJHEMFXsbFQREtLOx/E3smliIk/DHz85xzmnN+LBVdgWd9GZm19Y3Mru53b2d3bPzAP8w0VJZKyOo1EJFseUUzwkNWBg2CtWDISeII1vcHVpN68Y1LxKLyFUcw6AemFvMspAW255llShJIzTIiPi+BajmBDJUgIGBbQtUuuWbDK1lR4Few5FKp5p/jz8eDUXPPL8SOaBCwEKohSbduKoZMSCZwKNs45iWIxoQPSY22NIQmY6qTTg8b4VDs+7kZSP73A1F2cSEmg1CjwdGdAoK+WaxPzv1o7ge5lJ+VhnAAL6eyjbiIwRHiSDva5ZBTESAOhkutdMe0TSSjoDHM6BHv55FVoVMr2edm60WlU0ExZdIxOUBHZ6AJV0TWqoTqi6B49oRf0ajwaz8ab8T5rzRjzmSP0R8bnL/KYn4Y=</latexit>

u(t) (t0 6 t 6 t1)

<latexit sha1_base64="jy5YBFElDuJvafdgK1uHh1hh7iY=">AAACC3icbZA7SwNBFIXv+ozxtWppsyQICUjYDYg2QsDGMoJ5QBLC7OxsMmT2wcxdISzpLfSv2FgoYmsf7Kz8K04ehSYeGPjm3HuZuceNBVdo21/Gyura+sZmZiu7vbO7t28eHNZVlEjKajQSkWy6RDHBQ1ZDjoI1Y8lI4ArWcAdXk3rjjknFo/AWhzHrBKQXcp9Tgtrqmrm2LwlNvWSUejgqYPHSb7u8V8DTRF8mWOyaebtkT2UtgzOHfKXwPR73HqDaNT/bXkSTgIVIBVGq5dgxdlIikVPBRtl2olhM6ID0WEtjSAKmOul0l5F1oh3P8iOpT4jW1P09kZJAqWHg6s6AYF8t1ibmf7VWgv5FJ+VhnCAL6ewhPxEWRtYkGMvjklEUQw2ESq7/atE+0eGgji+rQ3AWV16GernknJXsG51GGWbKwDHkoAAOnEMFrqEKNaBwD0/wAq/Go/FsvBnvs9YVYz5zBH9kfPwAESGeEQ==</latexit>

du

dt
(t) = f

�
t, u(t)

�

problema diretto 

nota   

determinare
<latexit sha1_base64="uWISTb0EBXOl0/fR+5nWwmQ/Qe0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSFD0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2V3m956o0iySj2YeU1/giWQhI9hkUlJ3L0fVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty7QhVXGKIyULWlQrv6eSLHQei4C2ymwmepVLxP/8waJCW/9lMk4MVSS5aIw4chEKHscjZmixPC5JZgoZm9FZIoVJsbGU7EheKsvr5Nus+FdN9yHq1qrWcRRhjM4hzp4cAMtuIc2dIDAFJ7hFd4c4bw4787HsrXkFDOn8AfO5w8SYo2M</latexit>

u(0)
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Datazione con C14
<latexit sha1_base64="66I8SuLJBi6Zzbk/cJ0ffT+7E6s="></latexit>

P (t) = percentuale degli atomi di C14 al tempo t
<latexit sha1_base64="2SYuOCOSiru4/nGt6Ccfsh7676k=">AAACA3icbZA9SwNBEIbn4leMX1E7bRZFiIXhThBtBMHG8gSTCEkIe3t7cXFv79idE8IRsLHzd9hYKGLrfwh2Vv4VN4mFGl9YeHhnhtl5g1QKg6774RSmpmdm54rzpYXFpeWV8upa3SSZZrzGEpnoy4AaLoXiNRQo+WWqOY0DyRvB9emw3rjh2ohEXWAv5e2YdpWIBKNorU55oxVpyvLQ7+ch9iu4e7zXUhnxLXXK227VHYlMgvcN2yeVz8Ggew9+p/zeChOWxVwhk9SYpuem2M6pRsEk75dameEpZde0y5sWFY25aeejG/pkxzohiRJtn0Iycn9O5DQ2phcHtjOmeGX+1obmf7VmhtFROxcqzZArNl4UZZJgQoaBkFBozlD2LFCmhf0rYVfUhoI2tpINwft78iTU96veQdU9t2nsw1hF2IQtqIAHh3ACZ+BDDRjcwgM8wbNz5zw6L87ruLXgfM+swy85b1+09pqQ</latexit>

dP

dt
(t) = �⌫P (t)

<latexit sha1_base64="a+sb/6JqtKuU4j5UZnW5MhWaZ2g=">AAAB/HicbVDLSsNAFJ3UV62v2C7dDBYhXViSguhGKLhxGaEvaGqZTCft0MkkzEyEEOov+AluXCji1g/wE9z5Ie6dPhbaeuDC4Zx7ufceP2ZUKtv+MnJr6xubW/ntws7u3v6BeVhsySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfX0399h0Rkka8odKY9EI05DSgGCkt9c2SazUql+Q2O/V4AhsT17IrfbNsV+0Z4CpxFqRcL3rW98eD5/bNT28Q4SQkXGGGpOw6dqx6GRKKYkYmBS+RJEZ4jIakqylHIZG9bHb8BJ5oZQCDSOjiCs7U3xMZCqVMQ193hkiN5LI3Ff/zuokKLnoZ5XGiCMfzRUHCoIrgNAk4oIJgxVJNEBZU3wrxCAmElc6roENwll9eJa1a1Tmr2jc6jRqYIw+OwDGwgAPOQR1cAxc0AQYpeATP4MW4N56MV+Nt3pozFjMl8AfG+w+dUJZv</latexit>

P (T ) = e�⌫TP (0)
<latexit sha1_base64="kRCOH3Ry2ndbrI/Ps1ia4m7vsI0=">AAACDXicbVDLSgMxFL1TX7W+qi7dBKvQLiwzFdGNUHDjskJf0Cklk2ba0ExmSDJCGfoDbvwVNy4Ucal7d/6BO3/B9LHQ1gMJJ+fcy809XsSZ0rb9aaWWlldW19LrmY3Nre2d7O5eXYWxJLRGQh7KpocV5UzQmmaa02YkKQ48Thve4GrsN26pVCwUVT2MaDvAPcF8RrA2Uid7VL08cX2JCXJcESOXhz00eSeVfLUwMrddGHWyObtoT4AWiTMjubL9/dU/fYNKJ/vhdkMSB1RowrFSLceOdDvBUjPC6SjjxopGmAxwj7YMFTigqp1MthmhY6N0kR9Kc4RGE/V3R4IDpYaBZyoDrPtq3huL/3mtWPsX7YSJKNZUkOkgP+ZIh2gcDeoySYnmQ0Mwkcz8FZE+NlloE2DGhODMr7xI6qWic1a0b0waJZgiDQdwCHlw4BzKcA0VqAGBO3iAJ3i27q1H68V6nZamrFnPPvyB9f4DXZadfQ==</latexit>

T = �1

⌫
log

P (T )

P (0)

decadimento radioattivo

soluzione

Piermarco Cannarsa   09/09/2021



Ricostruzione delle sorgenti
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<latexit sha1_base64="VqCqKpBnkdlMfmaM2cm81pVe5tQ="></latexit>(
dPi
dt (t) + ⌫Pi(t) = Qi t > 0

Pi(0) = p0
(i = 1, 2)

<latexit sha1_base64="A9HlXYF9XRtM0gpc8Q4uWQ0Kn3c="></latexit>

R(t) = P2(t)� P1(t) :

(
dR
dt (t) + ⌫R(t) = Q2 �Q1 t > 0

R(0) = 0
<latexit sha1_base64="zBVI+KHO4bxGMWbj5EM/wOy92zY=">AAACC3icbVC7SgNBFJ2NrxhfUQsRmyFBiEXCbgRNIwRtLBMwD0jiMjuZTYbMzi4zs0JYtrfxV2wsFLG1FzttbP0MJ49CEw9c7uGce5m5xwkYlco0P4zEwuLS8kpyNbW2vrG5ld7eqUs/FJjUsM980XSQJIxyUlNUMdIMBEGew0jDGVyM/MYNEZL6/EoNA9LxUI9Tl2KktGSnM2e5ql3MV23rqO0KhCMrT66jfJuHUMVxpHtsp7NmwRwDzhNrSrLl0tfb3uf3fsVOv7e7Pg49whVmSMqWZQaqEyGhKGYkTrVDSQKEB6hHWppy5BHZica3xPBQK13o+kIXV3Cs/t6IkCfl0HP0pIdUX856I/E/rxUqt9SJKA9CRTiePOSGDCofjoKBXSoIVmyoCcKC6r9C3Ec6EqXjS+kQrNmT50m9WLBOCsdVncY5mCAJDkAG5IAFTkEZXIIKqAEMbsE9eARPxp3xYDwbL5PRhDHd2QV/YLz+AG6endo=</latexit>

= (Q2 �Q1)
1� e�⌫t

⌫

perciò

falso se 

<latexit sha1_base64="r30sXqo639NWBeXqzbdoZzifVWk=">AAACEHicbVC7SgNBFJ2NrxhfUUubIUGMCGE3gtoEgjYWFonkBdmwzE4myZDZmXVmVgkhn2Aj/omNhSK2lnb5GyePQhMPXDiccy/33uOHjCpt2yMrtrS8sroWX09sbG5t7yR396pKRBKTChZMyLqPFGGUk4qmmpF6KAkKfEZqfu9q7NfuiVRU8LLuh6QZoA6nbYqRNpKXPLrNlI/ztnsXoZZ7I3hH0k5XIynFw0SDJS+XL3mOl0zbWXsCuEicGUkXUu7J86jQL3rJb7clcBQQrjFDSjUcO9TNAZKaYkaGCTdSJES4hzqkYShHAVHNweShITw0Sgu2hTTFNZyovycGKFCqH/imM0C6q+a9sfif14h0+6I5oDyMNOF4uqgdMagFHKcDW1QSrFnfEIQlNbdC3EUSYW0yTJgQnPmXF0k1l3XOsqclk8YlmCIODkAKZIADzkEBXIMiqAAMHsELeAPv1pP1an1Yn9PWmDWb2Qd/YH39AC84nws=</latexit>

R(T ) = 0 =) Q2 = Q1
<latexit sha1_base64="QEqK5pIjuBNnTriIWRABHhZ7gwE=">AAAB8XicbVDLSgNBEOz1GeMr6tHLkiBEhLCroF6EoBePCZgHJkuYnUySIbOzy0yvsCz5i1w8KOLVv/GWv3HyOGhiQUNR1U13lx8JrtFxJtba+sbm1nZmJ7u7t39wmDs6ruswVpTVaChC1fSJZoJLVkOOgjUjxUjgC9bwhw9Tv/HClOahfMIkYl5A+pL3OCVopOdqh9+ZKuJ5J1dwSs4M9ipxF6RQzrcvxpNyUunkvtvdkMYBk0gF0brlOhF6KVHIqWCjbDvWLCJ0SPqsZagkAdNeOrt4ZJ8ZpWv3QmVKoj1Tf0+kJNA6CXzTGRAc6GVvKv7ntWLs3Xopl1GMTNL5ol4sbAzt6ft2lytGUSSGEKq4udWmA6IIRRNS1oTgLr+8SuqXJfe6dFU1adzDHBk4hTwUwYUbKMMjVKAGFCSM4Q3eLW29Wh/W57x1zVrMnMAfWF8/hEKTJQ==</latexit>

Qi = Qi(t)



Clair Patterson fu un geochimico americano che 
sviluppò un metodo di datazione basato sul Pb 

generato dal decadimento di U negli zirconi. Riuscì a 
stimare l’età della terra in 4.55 miliardi di anni  

A partire dal 1965 studiò l’inquinamento da Pb 
nell’atmosfera prendendo posizione contro l’uso del 

piombo nella benzina. Dall’analisi delle carote di 
ghiaccio in Groenlandia dedusse che prima del 1923 

l'atmosfera terrestre fosse pressoché priva di piombo

Un esperto di piombo… 
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June 2, 1922 – 
December 5, 1995

https://it.wikipedia.org/wiki/Clair_Patterson
https://it.wikipedia.org/wiki/Groenlandia
https://it.wikipedia.org/wiki/1923
https://it.wikipedia.org/wiki/Piombo


Alexander F. More ha provato che questa tesi era errata nel 2017 basandosi sull'analisi 
di una carota prelevata  dal Colle Gnifetti nelle Alpi Italo-Svizzere!

…putroppo fin troppo ottimista

Piermarco Cannarsa   09/09/2021

La carota del Colle Gnifetti, essendo molto più vicina  
alle fonti di inquinamento umane in Europa, ha catturato 

nei suoi strati dettagli ben più nitidi delle carote della 
Groenlandia, le quali si trovano a monte dei venti 

prevalenti, provenienti dall'Ovest

Il Dr. More ed il suo team hanno provato che l'uomo ha inquinato l'atmosfera con Pb per gli 
ultimi duemila anni. La sola pausa in questo continuo inquinamento è rappresentata da 

cinque anni corrispondenti alla pandemia di peste del 1348-1353

https://it.wikipedia.org/w/index.php?title=Alexander_F._More&action=edit&redlink=1
https://it.wikipedia.org/wiki/Punta_Gnifetti
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La scomparsa del 
ghiaccio nell’Artico 

NASA/Goddard Space Flight Center Scientific Visualization Studio.  
The Blue Marble data is courtesy of Reto Stockli (NASA/GSFC)

https://svs.gsfc.nasa.gov/cgi-bin/details.cgi?aid=4867&button=recent
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NASA and JPL/Caltech

La situazione in 
Groenlandia 

NASA and JPL/Caltech
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NASA and JPL/Caltech

La situazione in 
Antartide 



Modelli di bilancio energetico  
(EBCM)

La variazione termica sulla superficie 
del pianeta viene data dal bilancio 
tra 

• energia solare assorbita 

• energia emessa dal pianeta 

• diffusione del calore sulla superficie 
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Modello Globale

<latexit sha1_base64="gwPTPRKRgs764SrFt11HeejJmYc=">AAACG3icbVDLSsNAFJ3UV62vqks3wSK0C0tSFN0IhW5c1mIf0IQwmUzaoZNHZ26EEvIfbvwVNy4UcSW48G+cPhbaemC4h3Pu5c49bsyZBMP41nJr6xubW/ntws7u3v5B8fCoI6NEENomEY9Ez8WSchbSNjDgtBcLigOX0647akz97gMVkkXhPUxiagd4EDKfEQxKcoq1huULTFIvyVIPsjJUbloOU+W85USqWOMEe2WwBnQsOQ5BNypOsWRUjRn0VWIuSAkt0HSKn5YXkSSgIRCOpeybRgx2igUwwmlWsBJJY0xGeED7ioY4oNJOZ7dl+plSPN2PhHpq/Uz9PZHiQMpJ4KrOAMNQLntT8T+vn4B/bacsjBOgIZkv8hOuQ6RPg9I9JigBPlEEE8HUX3UyxCorUHEWVAjm8smrpFOrmpdV4+6iVK8t4sijE3SKyshEV6iOblETtRFBj+gZvaI37Ul70d61j3lrTlvMHKM/0L5+AEEOoDk=</latexit>

C
du

dt
(t) = Ri(t)�Ro(t) (t > 0)

<latexit sha1_base64="xvEfHzLtzzf9Qn2t6SrILRD8RGo="></latexit>

Ri(t) = energia assorbita (ingoing) al tempo t

<latexit sha1_base64="XR9lVwVxK4UVnYSd9Ss98jiH8nM="></latexit>

Ro(t) = energia emessa (outgoing) al tempo t

<latexit sha1_base64="+ASLMctYvyULx7iR33nOoGv0FEA="></latexit>

C = capacità termica per unità di superficie

<latexit sha1_base64="M0NC/GWpDOZ8I6LImiGfRu9Turs="></latexit>

u(t) = temperatura media del pianeta al tempo t
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Energia assorbita

radiazione 
solare

albedo

<latexit sha1_base64="mpcE2Of2D405ySdhSiBmSpf357g=">AAACDHicbVDNSgMxGMz6W+tf1ZN4CRZhe7DsFkQvQsGLx1bsD3TXkk2zbWg2uyRZsSx9AC/6KF48KOJVPHvzKXwDMd32oK0DCcPMfCTfeBGjUlnWpzE3v7C4tJxZya6urW9s5ra26zKMBSY1HLJQND0kCaOc1BRVjDQjQVDgMdLw+mcjv3FNhKQhv1SDiLgB6nLqU4yUltq5/EWbmqpwWtWX49GuaR86iEU9ZMZaSaWCTllFKwWcJfaE5Mu79zffX1fvlXbuw+mEOA4IV5ghKVu2FSk3QUJRzMgw68SSRAj3UZe0NOUoINJN0mWG8EArHeiHQh+uYKr+nkhQIOUg8HQyQKonp72R+J/XipV/4iaUR7EiHI8f8mMGVQhHzcAOFQQrNtAEYUH1XyHuIYGw0v1ldQn29MqzpF4q2kdFq6rbKIExMmAP7AMT2OAYlME5qIAawOAWPIAn8GzcGY/Gi/E6js4Zk5kd8AfG2w/OYJ1W</latexit>

Ri(t) = Q(t)
�
1� ↵(u(t))

�
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Energia emessa

<latexit sha1_base64="/d17zwGRV6CXJDqY1guBx6h5glM="></latexit>

Ro(t) =

(
A+B

�
u(t)� 273

�
(A,B > 0) Budyko

�SBu(t)
4 Sellers
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Dipendenza dalla latitudine
Si ottiene un modello più preciso 

considerando la temperatura 
media lungo i paralleli

<latexit sha1_base64="+FeguPWVlQT/LnmuewfvmgTaO/Q="></latexit> r
&%
'$

��
x = sin'

'

<latexit sha1_base64="jcT4dLO8o/4khbMPBwY9aHO0No0=">AAACEHicbZDLSsNAFIYn9VbrLdalm8EipqAlKYguC25cVrAXaEKZTCbt0MmlMxNpCX0EEXwVNy4U0aVLdz6Ie6cXUFt/GPj4zzmcOb8bMyqkaX5qmaXlldW17HpuY3Nre0ffzddFlHBMajhiEW+6SBBGQ1KTVDLSjDlBgctIw+1djOuNG8IFjcJrOYyJE6BOSH2KkVRWWz9KDHk8KNr9foI8aJxYNiN9wVAo4eAHrWJbL5glcyK4CNYMCpW8bXy93dnVtv5hexFOAhJKzJAQLcuMpZMiLilmZJSzE0FihHuoQ1oKQxQQ4aSTg0bwUDke9COunlo/cX9PpCgQYhi4qjNAsivma2Pzv1orkf65k9IwTiQJ8XSRnzAoIzhOB3qUEyzZUAHCnKq/QtxFHGGpMsypEKz5kxehXi5ZpyXzSqVRBlNlwT44AAawwBmogEtQBTWAwS14AE/gWbvXHrUX7XXamtFmM3vgj7T3b1sXnyc=</latexit>

u(t, x) (�1 6 x 6 1)
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EBCM per medie lungo i paralleli
radiazione 

solare energia 
emessa

albedo

diffusione  
superficialecapacità 

termica

<latexit sha1_base64="h2lavlruzbl4Roj6mkdpjQXNzfE="></latexit>

C(x)
@u

@t
� @

@x

⇣
⇢(x)

@u

@x

⌘
= Q(t, x)

�
1� ↵(x, u)

�
� g(x, u), x 2 (�1, 1)
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Uso dei modelli EBCM "Technological possibilities are irresistible 
to man. If man can go to the moon, he will. 

If he can control the climate, he will." ~ 
John von Neumann

ricostruzione dell’irradiazione solare 
studio del paleoclima
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Ricostruzione dell’irradiazione solare
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<latexit sha1_base64="T9NLPJ7F93moKv/8PiMRdjyzVrE="></latexit>8
>><

>>:

@ui
@t � @

@x

⇣
⇢(x)@ui

@x

⌘
= r(t)qi(x)

�
1� ↵(u)

�
� g(u) t > 0 , |x| < 1

⇢(x)@ui
@x (t, x)��x=±1

= 0 t > 0

ui(0, x) = u0(x) |x| < 1

(i = 1, 2)

<latexit sha1_base64="MjWxo6zJVyA0z1hCGM5OGXjybXI="></latexit>

Se esistono T > 0 e x0 2 (�1, 1) tali che per ogni 0 < t < T

u1(t, x0) = u2(t, x0) e
@u1

@x
(t, x0) =

@u2

@x
(t, x0)

allora

q1(x) = q2(x) per ogni x 2 [�1, 1]

dove abbiamo supposto Q(t,x)=r(t)q(x)



Per saperne di più

https://dept.atmos.ucla.edu/tcd/publications/type/
presentation/

numerose presentazioni di Michael Ghil (UCLA e ENS)
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Questo è un esempio del ruolo che la matematica può svolgere come 
disciplina unificante per la ricerca interdisciplinare 

Conclusione 
I modelli EBCM possono 

dare informazioni  
sull’evoluzione del clima 
su ampie scale temporali
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Grazie per l’attenzione
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