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Gaussian Distribution

P(x, p,0) = e 202 (1)

@ The Binomial and Poisson distribution are discrete probability distributions.
The Gaussian distribution is a continuous probability distribution. Negative
values are fine.

@ The distribution is symmetrical wrt to 1 (mean/median/mode).

@ The width is controlled by o.
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Gaussian Distribution

@ A Poisson with a large A tends to a Gaussian shape with = X and o = V/A.
'Large’ is roughly A =~ 5 — 10, depending on the desired accuracy.

@ The Binomial with large p tends to a Gaussian with = np and

o = +/np(1 — p). 'Large’ is roughly np =~ 5.
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Gaussian Distribution - Integrals

You measure the length of a table and
you find the length (X) measurements
to be distributed according to a
Gaussian (with o = 1). What is the
probability that any measurement is
exactly equal to the mean 7

34.1% 34.1%

00 01 0.2 03 04

o 5
MO 13 6% 13.6% U
| 13 6% i

M=30 n-20 p-0 M H+0  p+20 p+30

In practice the question should rather

1 () be: what's the probability that my
P(x,p,0) = e 20?2 measurement is close to the mean by a
oV2m . 077
1 e 1 certain amount, e.g. 0.7 !
= e 27 = ~ 0.4 P(p—0.7 < X < u+0.7)? Or what is
ov2m ov2nm the probability that a measurement lies

between x1 and x2? P(x; < X < x2) ?
OrP(X >x3)? Or P(X < xq) ?
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Gaussian Distribution - Integrals

Gaussian integrals are tabulated (or can be calculated by computers).

Procedure to evaluate Gaussian Integrals
@ Convert x to z = (x — p)/o (distance of x from the mean, in terms of o).
@ Integrals are tabulated with respect to z.
© Table 3.2: probability that a point lies between -z and +z.

@ Remember that the integral of the Gaussian is 1 (like all probability
distributions).
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Gaussian Distribution - Integral Tables (page 38 Barlow

38 Theoretical distributions Chap. 3

point lies within the given number of o

TABLE 32
TWO-TAILED GAUSSIAN INTEGRAL
Giving the percentage probability that a @
from the mean

000 001 002 003 004 005 006 007 008 009

000 000 080 160 239 319 399 478 558 638 T
010 797 %76 955 1034 1LI3 1192 1271 1350 1428 1507
020 1585 1663 1741 1819 1897 1974 2051 2128 2205 2282
030 2358 2434 2500 2586 2661 2737 2812 2886 2961 3035
040 3108 3182 3255 3128 3401 3473 3545 3616 3688 3759
050 3829 3899 3969 4039 4108 4177 4245 4313 4381 4448
060 4515 4581 4647 4713 47178 4843 4907 4971 S5035 3098
070  S161 5223 S285 5346 5407 5467 5527 5587 5646 57.05

8

080 5763 5821 3878 5935 3991 6047 6102 6157 6211 6265
090 6319 6372 6424 6476 6528 6579 6629 6680 6729 67.78
100 6827 6875 €923 7199 7243
110 7287 7330 7373 7620 76.60
120 7699 7737 7775 7995 8029
130 8064 $098 3132 8324 355
140 8385 8415 8444 B6.11 8638
150 8664 $690 3715 8859 8852
160 8904 $926 $948 8960 8990 9011 9031 9051 9070 90.90

170 9109 9127 9146 9164 9181 9199 9216 9233 9249 9265
180 9281 9297 9312 9328 9342 9357 9771 9385 9399 9412
190 9426 9439 9451 9464 0476 9488 9500 9512 9523 9534
200 9545 9556 9566 9576 9586 9596 9606 9615 9625 9634
210 9643 9651 9660 9668 9676 9684 9692 9700 97.07 9115
29 9736 9743 9749 0756 97.62 9768 0174 9780
230 9786 9791 9797 9802 9807 912 9BI7 9822 9827
240 9836 9840 9845 9849 9853 9857 9B6L 9B6S 9869 98T

250 9876 9879 9883 9886 9889 9892 9895 9898 9901 99.04
260 9907 9909 9902 9915 9917 9920 9922 9924 9926 9929
270 9931 9933 9935 9937 9939 9940 9942 9944 99.46 99.47
280 9949 9950 9952 9953 9955 99.56 9958 99.59 99.60

290 9963 9964 9965 9966 9967 99.68 9969 9970 9971 99.72
300 9973 9974 9975 9976 9976 9977 9978 99.79 9979 99.50
310 9981 9981 99.82 9983 9983 99.84 9984 9985 9985 9986
320 9986 9987 9987 9985 9988 99.88 9989 99.89 9990 9990
330 9990 9991 9991 9991 9992 9992 9992 9992 9993 9993
340 9993 9994 9994 9994 9994 9994 9994 9995 9995 9995

350 9995 9996 9996 9996 9996 9996 9996 99.96 9997 9997
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Gaussian Distribution - Exercise

Exercise

X is a variable distributed according to a Gaussian Distribution with =8, o0 = 2.

What is the probability that a value x is greater than 10.46? P(x > 10.46)?
@ Transform x to z. z= (x — p)/o = (10.46 — 8)/2 = 1.23
@ From the integral tables we read that P(—1.23 < z < 1.23) = 0.7813
© P(z>1.23)=(1—0.7813)/2 = 0.10935

What is the probability that a value x is greater than 12.86? P(x > 12.86)?
Q@ Transform x to z. z = (x — u)/o = (12.86 — 8)/2 = 2.43
@ From the integral tables we read that P(—2.43 < z < 2.43) = 0.9849
© P(z >2.43) = (1—0.9849)/2 = 0.00755
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Exercise 3.3 page 47
During a meteor shower, meteors fall at the rate 15.7 per hour.

@ What is the probability of observing less than 5 in a given period of 30
minutes?

@ Bonus: solve the exercise in python using the function you defined last time.

@ Bonus-bonus: .. and using a for loop.
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Exercise 3.3 page 47
During a meteor shower, meteors fall at the rate 15.7 per hour.

@ What is the probability of observing less than 5 in a given period of 30
minutes?

@ Bonus: solve the exercise in python using the function you defined last time.

@ Bonus-bonus: .. and using a for loop.

Solution

Poisson distribution with A\ = 7.85 meteors/30m
P(X <4)=3"% 22 ~10.9%
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Exercise 2

Construct a table giving the probability distribution for the number of 3's seen in
7 rolls of a standard die. Find the mean and standard deviation of this probability
distribution. Check the values using the python function you defined.
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Exercise 2

Construct a table giving the probability distribution for the number of 3's seen in
7 rolls of a standard die. Find the mean and standard deviation of this probability
distribution. Check the values using the python function you defined.

Solution

n!

Binomial distribution: P(k, p,n) = p*(1 — p)"*km

In our case, p=1/6, n = 7. You need to calculate P(k=0), P(k=1), P(k=2), ...
P(k=T7).

p=n-p=7/6~117. c>=n-p-q=7-1/6-5/6 = 35/36. o = 1/35/36.
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