12. Wichtige Verteilungen

12.1 Binomialverteilung

12.2 Poisson-Verteilung

12.3 Gaul3-Verteilung (Normalverteilung)
12.4 Zentraler Grenzwertsatz

12.5 Gleichverteilung

12.6 Breit-Wigner-Verteilung

12.7 Faltung von Verteilungen

K. Jakobs FP-Einfihrungsvorlesung, Freiburg, SS 2012



Bimom'm\vevte.i\ung_

:Be.'nspid @ : Manze (Kof\. oder Zahl)
P =05

Wie aveR ist die Wkt M Vier \Jar\.tm 3 wmnal \f(nﬂ.
zu erhalkew 2

M=\
R=3
3 e 1 y
P(3; 05y) = (g)'to.SJ- (1-0.5) =§-,'7 (05) = 0.25

0.4
0.35

0.3
' 0.25
~ 0.2
0.15

I]’!Til]li]l]llllll

)

P(k o

0.1

;IIJI|IIII|IIII|I#I

0.05

R

# Kopf

4
R=4: P,k KK) = (0.5) = 00628
Re3: PIK KKE) + T(X,KZK) + P(K?E K, %) + P(ZUKK)

. 4.(05) = 025

— .



32“5131@\&

wv :B‘l‘hom‘l&\\m.tt%;lh\\aw

\r& v Vevsdhiedene Weete

p=10.5
=14
>
R &
¥l I 2
) =0.5
n=15
g
-—._n‘r A m.—_\tl
r=0 3 ) 11 1S
p=0.1 |
Jle="3
B s y
r=0 | Z'3 4 3
| p=0.38
M= 5

vow ‘V\uwl?.
p=0.5 N
nH=2>3
[2e20%4! 2%
r=0 1 2 3 4 5
p=0.5
n=150
i
_d HH
g =1 12 24 36 50
p=0.1
=15
P 7 11 15

0 3




-%-

Bimomi al veftei\umj

.’Be.is?'m\ @_ Ex?e*'\‘me'v\h“'- V\'-'%W"‘S, Fe_\a\ef\ou.\kmj-

10 Experimente wmessem eime phys. GvéPe

Wa\nﬂ\r Wht Ny |

'T

, T ' >
L] s € 3 £ | 10 Mcgn“.J

1 2

s
W o

[iest dev 'ooalre \Jett\ mit  @imer W' keit vow
P=0.6383 1wm .Femti imt evvall.

Wie 3«-‘3 uwt o die \»3‘\1!\'5, cln.? dev  wahre Weet imnevhalb
dev Tehlevbalkem aller 10 Expt. lieqt 2

1. a“g.

0:25 10

0.2
10

0.15
10

0.1
10

0.05
0 10

Fehlerbalken

10
P (40; 0.683, 10) = (0.683)
P M

= Fellev G\:wsc\niitzt 2 ‘7



A3

AV G 1 |
EolSStm vevlel Wnwg_

r=0

— wq.\wsc.\m.im\ic\nsl.w Wevt

o bbn.bﬂ' sc\n!'tml'ac\n Sl'.l.\r

P(R) = P(k-4)

g

.
i

|I|Ii ,|E$ﬁi‘|‘.

fi i |!|IEI1I|I’| ;

il

6

1
gl
AT
i

20 40 0 80
k=0
Werk h:i
R= A-1
,\ 9&&?8-4'—;‘:_'3

Sy Mmetfisdne. Ve«l‘.eil unq

1-) Grewzwed - Vevteilumj



O -~
Md.cs@s,. Ms!l.., :

100

!llll

A0

€00

#0°0

S0°0

900

100

pialeesa iy

200

£0°0

IlIIIII

v00

S0°0

!]IIIIIII

800

|[!|ll[|lll|[ll

jeiwouig |

c0'0
~{1v00
900

800

1vo

|ejwoulg

JFJ _m v T ._v - T ==g 0
llI" Ay -Ill Imm...u.ﬁ-
\r._.u.. Lsae o o
" = T
) L ]
S Q.u&l Ll :
~ 20
Qr =\ i
[iest Sre ez

“ sopug

T iejwouig
e

lejwoulg



-44-

Poissom - Vevt.ei\mng_

_'Be.is?ie.\ @ Rodioaktiver 28(\;&“
v: = Zahl der Vevsuche = Zahl der vovhandewenw Hiomkevae

A = WNittlere ZoWl dev im  Zedbimbevvall At zu\u\\w:lm Wevne

aesucnb: W' \eit daliv, daf R Kevme ivn Zeibimbevvall At
R ier\.(r“h\
\ = m - PCAL)

plat) = \.o‘\u:l: F‘" Zerl-l-“ eimes  eimzelmen Werms iamm
]m‘ttv\la“ AL

Evumvt\w\gj ,Po'l ssow - Ve«tc’.\unj it ‘ A= -p(At)

>‘\fnt. e-.)\
ThNs 28 R=0,4,2,.....
k!
0.4 k_ 0.0Y
: (0) = v
U35 E_ _BQ.\S s l—[‘l'.\ = 0.13
0.3 ;— / A‘-‘-‘- 32 J_(,z) s 0.2
0.25 £ F3) = 0.22
0.2 ;_ }(\I) = 0.4%
0.15 F HS) = 0.42
0.1 & pll = 0.8
0.05 el
S ; M = 0.04
H9) = 0.00
Poisson prob, rad. decay, lam=3.2 1.00

L” Ev'ulem't \Jiv' Stut. Nu{:uv cl!.s Tac‘.iao.\l%,'wtn ?.ef!,u“s



-~ A5~

Deis P el {'-,.".;a.' J.:t. prvoy uwu“ \ow

. E.meyv Eiwomis‘.\f&t‘{ih;l‘av-ﬁ
" AN

c]u.vc’n eime  Toissewm ~ Vav‘th\u

EX?Q!‘\W%‘V\t dgv Tgil hem 19_"\¥S\k

e-.( et

»

\y
N

50  Szimtillatiomszihler (Detektoren)
MeRzit 1 Jalv P Rushall) = 0.01  (pre Zahles

Wie i«ro‘! st o‘.iﬂ. \:J\ke,i{;, o‘a? awm Emde dev Y\EFPQvioA\,
woch  alle Zahlev !,vmk‘l‘.iomiefemz

&T&C\A‘he‘- Za\n\ o\?.‘f QM»SSQ.‘,G”C‘V)G“ Zshler
T (0 0.04, o) = (5" 1: ("‘P) (o.ss)so = 0. 605

Porssom: R=0 = P(0) = e“’>tL = E-Se-cm 0. 697
N = 50 N = 100
Rimomial y Toisso Bimonniol Voissom
0 ausgel. 0. 605 0. 603 0.36¢ 0.362
1 awsgdl. 0.30( 0.303 0.330 0.3%
2 ams.,‘,. 0. 03 0. 036 0.18S 0. 1%4

22 ansqe]. | 0.043 0. 04y 0.0%9 L. 080




- 34-

38 Theoretical distributions  Chap. 3

TABLE 3.2

TWO-TAILED GAUSSIAN INTEGRAL
Giving the percentage probability that a
point lies within the given number of o

from the mean

X—

0.00 0.0l 0.02 0.03 0.04 005 006 007 0.08 0.09
-

0.00 000" 080 1660 238" 319 399 498 558 63 ILl]
0.10 797 876 955 1034 11.13 1192 1271 1350 1428 15.07
0.20 1585 16.63 1741 18.19 1897 19.74 20.51 21.28 22.05 2232
0.30 23.58 2434 2510 2586 2661 2737 28.12 28.86 29.61 30.35
0.40 31.08 31.82 3255 3328 3401 3473 3545 36.16 36.88 37.59

0.50 3829 3899 39.69 4039 41.08 41.77 4245 43.13 4381 44438
0.60 45.15 4581 4647 47.13 4778 4843 49.07 49.71 50.35 5098
0.70 51.61 5223 5285 5346 5407 54.67 5527 5587 5646 57.05
0.80 57.63 5821 5878 59.35 5991 6047 61.02 61.57 62.11 62.65
0.90 63.19 63.72 6424 6476 6528 6579 6629 6680 6729 67.78

1.00 68.75 6923 6970 70.17 70.63 7109 71.54 7199 72.43
110 7287 7330 7373 7415 7457 7499 7540 7580 76.20 76.60
120 7699 7737 7175 7813 78.50 7887 79.23 79.59 79.95 80.29
130 80.64 8098 8132 81.65 8198 8230 82.62 8293 83.24 83.55
140 8385 8415 8444 8473 8501 8529 8557 8584 86.11 86.38

1.50 86.64 8690 87.15 8740 87.64 87.89 88.12 8836 88.59 88.82
1.60 89.04 89.26 89.48 89.69 89.90 90.11 90.31 90.51 90.70 90.90
1.70 91.09 91.27 9146 91.64 91.81 9199 92.16 9233 9249 92.65
1.80 9281 9297 93.12 9328 9342 9357 97.71 9385 9399 94.12
1.90 9426 94.39 9451 9464 9476 94.88 95.00 9512 9523 9534

2.00 95.56  95.66 9576 9586 9596 96.06 96.15 96.25 96.34
2.10 96.43 96.51 96.60 96.68 96.76 96.84 9692 97.00 97.07 97.15
2.20 9722 9729 9736 9743 9749 9756 97.62 97.68 97.74 97.80
2.30 97.86 9791 9797 9802 98.07 98.12 98.17 9822 98.27 98.32
2.40 9836 98.40 9845 9849 9853 9857 98.61 98.65 98.69 98.72

2.50 98.76  98.79 98.83 98.86 98.89 9892 9895 9898 99.01 99.04
2.60 99.07 99.09 99.12 99.15 99.17 99.20 99.22 99.24 99.26 99.29
2.70 99.31 99.33 99.35 99.37 9939 99.40 9942 99.44 99.46 99.47
2.80 99.49 99.50 99.52 99.53 99.55 99.56 99.58 99.59 99.60 99.61
2.90 99.63 99.64 99.65 99.66 99.67 99.68 99.69 99.70 99.71 99.72

3.00 99.74 9975 99796 9976 9977 9978 9979 99.79 99.80
3.10 99.81 99.81 99.82 99.83 99.83 99.84 99.84 99.85 99.85 99.86
3.20 99.86  99.87 99.87 99.88 99.88 99.88 99.89 99.89 99.90 99.90
3.30 99.90 99.91 9991 9991 9992 0992 9992 9992 9993 93.93
3.40 99.93 9994 9994 9994 9994 9994 9994 9995 99.95 99.95

3.50 9995 9996 99896 9996 9996 9996 0996 9996 9997 9997
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3.4 The Gaussian distribution 39

TABLE 33

ONE-TAILED GAUSSIAN INTEGRAL
Giving the percentage probability that a
point lies within the given number of ¢
to one side of the mean

X
= 0.00  0.01 0.02 003 004 005 006 007 0.08  0.09

0.00 50.00  50.40 50.80 51.20 51.60 5199 5239 5279 53.19 5359
0.10 5398 5438 5478 5517 55.57 3596 56.36 56.75 57.14 57.53
0.20 57.93 5832 5871 59.10 59.4% 5987 60.26  60.64 61.03 61.4]
0.30 61.79 6217 62.55 6293 63.3] 63.68 64.06 64.43 6480 65.17
0.40 05.54 6591 6628 66.64 67.00 07.36  67.72 68.08 6844 68.79

0.50 69.15  69.50 69.85 70.19 70.54 7088 71.23 7157 7190 7224
0.60 72.57 7291 7324 7357 7389 1422 7454 7486 75.17 75.49
0.70 7580 7611 7642 7673 77.04 7734 77.64 7794 7823 78.52
0.80 7881 79.10  79.39  79.67 7995 80.23  80.51 8078 81 06 81.33
0.90 81.59 BI.86 82.12 8238 8264 82.89 8315 8340 83.65 83.89

1.00 84.13 8438 84.601 8485 85.08 8331 8554 8577 8599 86.2]
1.10 86.43  86.65 86.86 87.08 87.29 8749 8770 8790 88.10 88.30
[.20 88.49  88.09 88.88 89.07 8925 89.44  89.62 89.80 89.97 90.15
1.30 90.32° 9049  90.66 9082 90.99 9115 9131 9147 91.62 9177
1.40 91.92 9207 9222 9236 9251 92.65 9279 9292 93.06 93.19

1.50 93.32 9345 9357 9370 93.82 9394 94.06 94.18 94.29 94.41
1.60 94.52 9463 9474 9484 19495 [ 9503) 95.15 2325 9535 9545
1.70 95.54 9504 9573 9582 959] 95.99  96.08 96.16  96.25 96.33
1.80 9041 9649  96.56 96.64 96.7] 90.78  96.86  96.93  96.99 97.06
1.90 2013 9719 97125 9730 Y338 9744 9750 97.56 97.61 97.67

2.00 97.72 9778 9783 9788 97.93 97.98 98.03 98.08 98.12 9817
2.10 98.21  98.26 9830 98.34 98.38 9842 9846 98.50 98.54 98.57
2.20 98.61  98.64 98.68 Y8.71 98.75 98.78 9881 9884 9887 9890
2.30 9893 9896 9898 201 9904 9906 99.09 991 99.13 99.16
2.40 99.18  99.20  99.22 9925 9927 99.29 9931 9932 9934 99.36

2.50 99.38  99.40 9941 9943 9945 99.46 9948  99.49 9951 9952
2.60 99.53  99.55 99.56 99.57 9959 99.60  99.61 99.62 99,63 99.64
24 99.65  99.66  99.67 99.68 9969 99.70  99.71  99.72  99.73 99 74
2.80 99.74  99.75 9976 99.77 9977 99.78  99.79  99.79  99.80 99.81
2.90 99.81  99.82 9982 9983 99.84  99.84 99.85 9985 99.86 99.86

3.00 99.87 99.87 99.87 9988 99.88 9989 9989 99.89  99.90 99.90
3.10 99.90 9991 9991 9991 9992 9992 9997 99.92  99.93 9993
3.20 99.93 9993 9994 9994 9994 9994 9904 99.95 9995 9995
3.30 99.95 9995 99.95 99.96 9996 9996 99.96  99.96 99.96 9997
3.40 99.97 9997 99.97 9997 9997 9997 99.97 9997 9997 9998

3.50 99.98 9998 9998 9998 99.98  99.98 99.98 9998 99.98 99.98

g
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Fig. 3.3, The Gaussian distribution.
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zugehorige Kovarianzellipse (rechts). Die drei Zeilen des Bildes unterscheiden sich nur
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Beispiel: Faltung von Gleichverteilungen
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