Metody zpracovani fyzikalnich méteni

Jakub Cizek — katedra fyziky nizkych teplot
Tel: 221 912 788

Jakub.cizek@mff.cuni.cz

http://physics.mff.cuni.cz/kfnt/vyuka/metody/index.html

Doporucena literatura:

* D.S. Silva, “Data Analysis A Bayesian Tutorial” (Claredon Press, Oxford, 1998)
* W.T. Eadie et al., “Statistical Methods in Experimental Physics” (North Holland, Amsterdam, 1971)
» G. Cowan, “Statistical Data Analysis” (Oxford Science Publications, Clarendon Press, Oxford 1998)

» R.J. Barlow, “Statistics. A Guide to the Use of Statistical Methods in the Physical Sciences”
(John Wiley & Sons, Chichester 1989)

« J. St&pan, ,, Teorie pravdépodobnosti* (Academia, Praha,1987)



Jevy

vysledky opakovanych méfeni nebo pozorovani

* vysledek o — elementérni jev (elementarni udalost)

* prostor jevi (prostor udalosti) Q, ® € Q
* A c Q, jev (udélost)

* w € A— vysledek priznivy jevu A



1. Hod korunou Q ={p,o}
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2. M¢éfteni tloustky vzorku O=R

1.500 1.5001 1.500 1.503 1.498 1.504 1.498 1.496 1.503 1.502 ...

vzorek: d = 1.5 mm

* mikrometrem: o= 0.005 mm
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2. M¢éfteni tloustky vzorku

1.500 1.5001 1.500 1.503

vzorek: d = 1.5 mm

* mikrometrem: o= 0.005 mm
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3. Méfeni doby zivota pozitronu v Fe:

56.39 13.72 20.06 60.94 248.11 155.32 258
78.40 23.49 209.56 35.42 165.92 67.80 156

Q=R
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Pravdépodobnost - Kolmogorovy axiomy

Necht’ Q) je prostor jevl pro dany experiment. Potom pravdépodobnost P je kazd¢é zobrazeni mnoZiny
vSech podmnoZin mnoZiny €2 do mnoziny realnych ¢isel, které spliuje nasledujici podminky:

L PQ)=1

2. AcQ=P(4)>0

3. AnB=0=P(4UB)=P(4)+P(B)
Nekteré vlastnosti pravdépodobnosti:

(i) P@)=0
(i) P(K): 1-P(A), kde A je doplnek mnoziny A



Nahodna proménna

Prirazeni realného Cisla vysledku experimentu (zobrazeni)
* diskrétni nahodna proménna
vSechny mozné vysledky lze sefadit do posloupnosti x,,x,,...xy

- konecnd diskrétni nahodna proménna: N je ptirozené Cislo

Priklad: hazeni kostkou — {1,2,3,4,5,6}

- nekonecnd diskrétni nahodna proménna: N je nekonec¢no

Ptiklad: pocet rozpadl radioaktivniho zafice za jednotku Casu — {0,1,2,3,....}

* spojita nahodna proménna

vSechny mozné vysledky tvofi nespocetnou mnozZinu

Ptiklad: méfeni hmotnosti vzorku — vysledek muize byt jakékoli kladné realné Cislo



Hustota pravdépodobnosti, distribucni funkce

diskrétni nahodna proménna spojita nahodna proménna

(@) nespocetna

P(x S <x0,x0 + dx>)E £x, )dx

pst. Ze nastane vysledek padne
do intervalu <x0,x0 + dx>

Q= {xl,xz,x3,...,xN} koneéna

Q= {xl , X5 5 Xy ,} nekoneéna

P(x =X, ) =P pst. Ze nastane vysledek x, f (x) hustota pravdépodobnosti

l

F()= [f)dr o™
b

nornalizacni podminka

i I konecnd P(x S <a,b>)= jf(x )dx = F(b)— F(a)

i=1
a

Say
I
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~
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normalizacni podminka: j fx)dx =1
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Pravdépodobnostni mira: priklad — n x hazeni korunou

* diskrétni ndhodna proménna
* prostor jevu Q : n-tice (a;, a,..,a,), a; =P, O
2" moZnosti
W M o 2n
* pocet jevu: 2
» pravdépodobnost

P(@)=0, P(Q)=1

P(p,o,0,p....,0) = 2%

» pravdépodobnost, Ze nejpozdéji ve Ctvrtém pokusu mi padne panna

n—4
* dopln¢k  (0,0,0,0,%, X,..., X): P(K): 22n :% = P(A):%




Pravdépodobnostni mira: priklad — méfeni doby Zivota pozitrontu

* spojita nahodna proménna

* prostor jevi QQ : mnoZina nezapornych redlnych Cisel R*

* nespoc¢etné mnoho moznosti o
» pravdépodobnost, Ze doba Zivota padne do intervalu (ty. to + dt) i
1 t 0z
P (t € (to, to + dt)) = f(to|r) dt = Lexp (——“) dt .

T

T T S S
} 1
hustota pravdépodobnosti  f(t|7) = —exp (— —>

(zde exponencialni rozdéleni)
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Pravdépodobnost — klasicka definice pravdépodobnosti

Klasicka definice pravdépodobnosti — limita relativnich Cetnosti jevu A

 opakujeme N — krat experiment
* N, —pocet vysledku, kdy nastal jev 4
NA

e relativni Cetnost jevu 4 : X, = i

pravdépodobnost jevu A:  P(4)=lm , X,

* Je nutné mit moznost experiment mnohokrat opakovat



Pravdépodobnost: Bayesovsky ptistup

pravdépodobnost — stupen viry v platnost dané hypotézy

* subjektivni - zavisi na pozorovateli

» podminéna pravdépodobnost

P(ANB)
P(B)

P(4|B)=

* v§echny pravdépodobnosti jsou podminéné P (4| 1)

I

implicitni (apriorni) znalost pozorovatele



Podminéna pravdépodobnost: Bayesuv teorém

Bayestiv teorém

P(4B)= P(BP‘?;I;(A)

Thomas Bayes
17027 - 1761

S Bayes.



Podminéna pravdépodobnost: Bayesuv teorém

Divine Benevolence :

Or, An ATTEMPT to prove that the

PRINCIPAL END

Of the Divine

ProvipencEand GOVERNMENT

IS THE

Happinefs of his Creatures.
BEING

An Answer to a Pamphlet, entitled,
Divine Reftitude 5 or, dAn Inguiry con-
cerning the Moral Perfeétions of the Deity.

WITH

A Refutation of the Notions therein ad-
vanced concerning Beauty and Order, the

gcafon of Puniihmc(;nt, and th; Neceflity of a Thomas BayeS
tate of Trial antecedent to perfect Happinefs.
17027 - 1761

L ONDON:

Printed for Joun Noon, at the White-Hart in
Cheapfide, ncar Mercers-Chapel. Mpccxxxi. w
[Pricc Onc Shilling.] ” -

publikdno 1731




Podminéna pravdépodobnost: Bayesuv teorém

Bayesitiv teorém

P(4B)= P<BP‘?Z)£(A)

The purpose | mean is, to shew what reason we have
for believing that there are in the constitution of things
fixt laws according to which things happen, and that,
therefore, the frame of the world must be the effect of
the wisdom and power of an intelligent cause; and thus
to confirm the argument taken from final causes for the
existence of the Deity. It will be easy to see that the
converse problem solved in this essay is more directly
applicable to this purpose; for it shews us, with
distinctness and precision, in every case of any
particular order or recurrency of events, what reason

there is to think that such recurrency or order is derived Thomas Bayes
from stable causes or regulations in nature, and not Richard Price
from any irregularities of chance. - Philosophical 1723-1791 1 702‘7 — 1 76 1

Transactions of the Royal Society of London, 1763

"An Essay towards solving a Problem in the Doctrine of Chances"
Reverend Thomas Bayes (Philosophical Transactions of the Royal Society, Volume 53, pages 370-418, 1763)



Podminéna pravdépodobnost: Bayesuv teorém

LII. An Effay towards folving a Problem in
the Doétrine of Chances. By the late Rev.
Mr. Bayes, F. R.§8. communicated by Mr.
Price, in a Letter to John Canton, 4. M.
F.R. S.

Dear Sir,

Read Dec. 23, J Now fend you an eflay which I have

1763 found among the papers of our de-
ceafed friend Mr. Bayes, and which, in my opinion,
has great merit, and well deferves to be preferved.
Experimental philofophy, you will find, is nearly in-
terefted in the fubje@ of it; and on this account there
feems to be particular reafon for thinking that a com-
munication of it to the Royal Society cannot be im-
proper.

He had, you know, the honour of being a mem-
ber of that illuftrious Society, and was much efteem-
ed by many in it as a very able mathematician. Inan
introdu&ion which he has writ to this Effay, he I'awfys,
that his defign at firft in thinking on the fubjet of it

was, to find out a method by which we might judge
concerning the probability that an cvenﬁt has t}r: hap- Thomas Bayes
n, in given circumftances, upon fuppofition that we 9 _
Emw ngothing concerning it but that, under th.e fame 1702 1761
circum-

Philosophical Transactions of the Royal Society,

Volume 53, pages 370-418, 1763

The Royal Society is collaborating with JSTOR to digitize, preserve, and extend access
Prilosophical Transactions (1683-177 5,

wwna istar.nn




Bayesovska interpretace pravdépodobnosti

Bayesiiv teorém

P(4B)= P<BP‘?Z)£(A)

P\Data | TeorieJP\Teori
P(Teorie | Data)~ (Data | Teorie)P(Teorie
/ [ P(Data) \

posteriorni
pravdépodobnost

veérohodnost apriorni pravdépodobnost

Pierre-Simon Laplace
1749 — 1827

P. S. Laplace: Théorie analytique des probabilités, Paris, 1812



Bayesovska interpretace pravdépodobnosti

* Bayesovsky pfistup: vSechny nejistoty (nekompletni informaci)
popisujeme pomoci pravdépodobnosti

parametry 6,, 6,, ... 8,
pravdépodobnostni model

S (x| 013 92, Hm)

l

namérena datax,, x, , ... Xy

simulace

inverzni
pravdépodobnost

(Laplace)



