
CHM 421/621

Statistical Mechanics

Lecture 16 Review of Probability Theory - I



Introduction and Review
Lecture Plan 

Review of probability theory 
• Definitions of simple and compound events 

• Frequency and probability

• A priori and a posteriori probabilities

• Disjoint and non-disjoint distributions

• Conditional Probabilities and Independent events



Definitions: Simple Event
Simple Event: Distinct or mutually exclusive results of an experiment.


E.g. Tossing a coin: 2 simple events possible (H/T)

A single die is rolled: 6 simple events possible

Frequency: The ratio of the number of times a simple event occurs to the total 
number of times the experiment is performed.


E.g. A coin is tossed 10 times and the result H occurs 4 times. Then the 
frequency of occurrence of H in the experiment is fH = 2/5

The frequency of a particular event might depend on the number of times the 
experiment is conducted. 


It is, however, desirable to associate a characteristic number with the event that 
does not depend on the number of trials.



Definitions: Probability
Probability of a simple event:

Two possible interpretations:

(1) Carrying out N successive expts. on the same system. (e.g. via time evolution of 

system)

(2) Carrying out 1 expt. each on N identically prepared (macroscopically 

indistinguishable) systems. => Ensemble

Ergodic Hyopthesis: Either approach would yield the same probability of the event.

Pi = lim
N!1

fi(N) = lim
N!1

ni(N)
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Inherent properties of probability:

(1) For any event i: Pi � 0
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(2) Normalisation:
X

i2all

Pi = 1
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A priori probabilities

e.g. Throwing a single die: numbers occur with probability 1/6

       Tossing an unbiased coin: H/T occur with probability 1/2

       Picking any particular card from a deck of 52 cards: ?

If there is no apparent reason for one simple event to occur more frequently 
than any other then we can assume that their probabilities are all equal. 


In such a case, if there are totally M events possible, then the above properties 
imply that

Pi =
1

M
8 i 2 {1,M}
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If we have no information about the system then it is only fair to assume that all 
simple events are equally likely. 


Probabilities calculated from such assumptions (without measurements) are termed 
as a priori probabilities.



A posteriori probabilities
Probabilities obtained from actual measurements are termed as a posteriori 
probabilities

When we set about calculating properties of macroscopic systems we will only know 
for certain the values of the macroscopic constraints (e.g. p,V,T,N) we impose on 
them. We would have no reason to favour less any microstate over others as long as 
they all conform to the constraints imposed. 


Thus, in statistical mechanics we shall make the assumption of equal a priori 
probabilities for micro states consistent with the macroscopic constraints.



Definitions: Compound 
Events

Simple events can be thought of as points in a “sample space”.

Simple events Compound event

Compound Events: Any specified 
collection of points in sample space.


If we denote a compound event by A, 
then probability of occurrence of A is

P (A) :=
X

i 2 A

Pi
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Compound Events: 
Example

What is the probability that a card drawn from a deck of 52 cards will have a       

           on it?

Solution:


Each card in the deck has the same a priori  probability 1/52


There are 13 cards with        on them.


Therefore,
P ( ) =

X

i 2
Pi
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= 13⇥ 1
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4
<latexit sha1_base64="4dt7uOXufnV6ufOGp1qpYhNq0Us=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyqRWdFMounFZwT6gM5RMmmlDM5khyQhlmD9w46+4caGIW7fu/BvTdkBtPRA495x7ubnHjzlT2nG+rKXlldW19cJGcXNre2fX3ttvqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXU/89j2VikXiTo9j6oV4IFjACNZG6tknNYjOoKtZSBV0A4lJirL0vJLB2k9ZzXp2ySk7U8BFgnJSAjkaPfvT7UckCanQhGOlusiJtZdiqRnhNCu6iaIxJiM8oF1DBTb7vXR6TwaPjdKHQSTNExpO1d8TKQ6VGoe+6QyxHqp5byL+53UTHVx6KRNxoqkgs0VBwqGO4CQc2GeSEs3HhmAimfkrJENsUtAmwqIJAc2fvEhalTJyyui2Wqpf5XEUwCE4AqcAgQtQBzegAZqAgAfwBF7Aq/VoPVtv1vusdcnKZw7AH1gf30aZmvA=</latexit><latexit sha1_base64="4dt7uOXufnV6ufOGp1qpYhNq0Us=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyqRWdFMounFZwT6gM5RMmmlDM5khyQhlmD9w46+4caGIW7fu/BvTdkBtPRA495x7ubnHjzlT2nG+rKXlldW19cJGcXNre2fX3ttvqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXU/89j2VikXiTo9j6oV4IFjACNZG6tknNYjOoKtZSBV0A4lJirL0vJLB2k9ZzXp2ySk7U8BFgnJSAjkaPfvT7UckCanQhGOlusiJtZdiqRnhNCu6iaIxJiM8oF1DBTb7vXR6TwaPjdKHQSTNExpO1d8TKQ6VGoe+6QyxHqp5byL+53UTHVx6KRNxoqkgs0VBwqGO4CQc2GeSEs3HhmAimfkrJENsUtAmwqIJAc2fvEhalTJyyui2Wqpf5XEUwCE4AqcAgQtQBzegAZqAgAfwBF7Aq/VoPVtv1vusdcnKZw7AH1gf30aZmvA=</latexit><latexit sha1_base64="4dt7uOXufnV6ufOGp1qpYhNq0Us=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyqRWdFMounFZwT6gM5RMmmlDM5khyQhlmD9w46+4caGIW7fu/BvTdkBtPRA495x7ubnHjzlT2nG+rKXlldW19cJGcXNre2fX3ttvqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXU/89j2VikXiTo9j6oV4IFjACNZG6tknNYjOoKtZSBV0A4lJirL0vJLB2k9ZzXp2ySk7U8BFgnJSAjkaPfvT7UckCanQhGOlusiJtZdiqRnhNCu6iaIxJiM8oF1DBTb7vXR6TwaPjdKHQSTNExpO1d8TKQ6VGoe+6QyxHqp5byL+53UTHVx6KRNxoqkgs0VBwqGO4CQc2GeSEs3HhmAimfkrJENsUtAmwqIJAc2fvEhalTJyyui2Wqpf5XEUwCE4AqcAgQtQBzegAZqAgAfwBF7Aq/VoPVtv1vusdcnKZw7AH1gf30aZmvA=</latexit><latexit sha1_base64="4dt7uOXufnV6ufOGp1qpYhNq0Us=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyqRWdFMounFZwT6gM5RMmmlDM5khyQhlmD9w46+4caGIW7fu/BvTdkBtPRA495x7ubnHjzlT2nG+rKXlldW19cJGcXNre2fX3ttvqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXU/89j2VikXiTo9j6oV4IFjACNZG6tknNYjOoKtZSBV0A4lJirL0vJLB2k9ZzXp2ySk7U8BFgnJSAjkaPfvT7UckCanQhGOlusiJtZdiqRnhNCu6iaIxJiM8oF1DBTb7vXR6TwaPjdKHQSTNExpO1d8TKQ6VGoe+6QyxHqp5byL+53UTHVx6KRNxoqkgs0VBwqGO4CQc2GeSEs3HhmAimfkrJENsUtAmwqIJAc2fvEhalTJyyui2Wqpf5XEUwCE4AqcAgQtQBzegAZqAgAfwBF7Aq/VoPVtv1vusdcnKZw7AH1gf30aZmvA=</latexit>



Definitions: Disjoint Events
Two compound events without a point in common are termed disjoint.

A B

P (A [ B) = P (A) + P (B)
<latexit sha1_base64="1GOG/YpPKq/OGH3mgglEXjYUXVs=">AAACAnicbVDLSgMxFL3js9bXqCtxEyxCi1BmRNCNUOvGZQX7gHYomTRtQzOZIckIZWjd+CtuXCji1q9w59+YtrPQ1gMhJ+fcy809fsSZ0o7zbS0tr6yurWc2sptb2zu79t5+TYWxJLRKQh7Kho8V5UzQqmaa00YkKQ58Tuv+4Gbi1x+oVCwU93oYUS/APcG6jGBtpLZ9WMlfj1skjsblArpC5lVAp+YqF9p2zik6U6BF4qYkBykqbfur1QlJHFChCcdKNV0n0l6CpWaE01G2FSsaYTLAPdo0VOCAKi+ZrjBCJ0bpoG4ozREaTdXfHQkOlBoGvqkMsO6reW8i/uc1Y9299BImolhTQWaDujFHOkSTPFCHSUo0HxqCiWTmr4j0scREm9SyJgR3fuVFUjsruk7RvTvPlcppHBk4gmPIgwsXUIJbqEAVCDzCM7zCm/VkvVjv1sesdMlKew7gD6zPHz05lBY=</latexit><latexit sha1_base64="1GOG/YpPKq/OGH3mgglEXjYUXVs=">AAACAnicbVDLSgMxFL3js9bXqCtxEyxCi1BmRNCNUOvGZQX7gHYomTRtQzOZIckIZWjd+CtuXCji1q9w59+YtrPQ1gMhJ+fcy809fsSZ0o7zbS0tr6yurWc2sptb2zu79t5+TYWxJLRKQh7Kho8V5UzQqmaa00YkKQ58Tuv+4Gbi1x+oVCwU93oYUS/APcG6jGBtpLZ9WMlfj1skjsblArpC5lVAp+YqF9p2zik6U6BF4qYkBykqbfur1QlJHFChCcdKNV0n0l6CpWaE01G2FSsaYTLAPdo0VOCAKi+ZrjBCJ0bpoG4ozREaTdXfHQkOlBoGvqkMsO6reW8i/uc1Y9299BImolhTQWaDujFHOkSTPFCHSUo0HxqCiWTmr4j0scREm9SyJgR3fuVFUjsruk7RvTvPlcppHBk4gmPIgwsXUIJbqEAVCDzCM7zCm/VkvVjv1sesdMlKew7gD6zPHz05lBY=</latexit><latexit sha1_base64="1GOG/YpPKq/OGH3mgglEXjYUXVs=">AAACAnicbVDLSgMxFL3js9bXqCtxEyxCi1BmRNCNUOvGZQX7gHYomTRtQzOZIckIZWjd+CtuXCji1q9w59+YtrPQ1gMhJ+fcy809fsSZ0o7zbS0tr6yurWc2sptb2zu79t5+TYWxJLRKQh7Kho8V5UzQqmaa00YkKQ58Tuv+4Gbi1x+oVCwU93oYUS/APcG6jGBtpLZ9WMlfj1skjsblArpC5lVAp+YqF9p2zik6U6BF4qYkBykqbfur1QlJHFChCcdKNV0n0l6CpWaE01G2FSsaYTLAPdo0VOCAKi+ZrjBCJ0bpoG4ozREaTdXfHQkOlBoGvqkMsO6reW8i/uc1Y9299BImolhTQWaDujFHOkSTPFCHSUo0HxqCiWTmr4j0scREm9SyJgR3fuVFUjsruk7RvTvPlcppHBk4gmPIgwsXUIJbqEAVCDzCM7zCm/VkvVjv1sesdMlKew7gD6zPHz05lBY=</latexit><latexit sha1_base64="1GOG/YpPKq/OGH3mgglEXjYUXVs=">AAACAnicbVDLSgMxFL3js9bXqCtxEyxCi1BmRNCNUOvGZQX7gHYomTRtQzOZIckIZWjd+CtuXCji1q9w59+YtrPQ1gMhJ+fcy809fsSZ0o7zbS0tr6yurWc2sptb2zu79t5+TYWxJLRKQh7Kho8V5UzQqmaa00YkKQ58Tuv+4Gbi1x+oVCwU93oYUS/APcG6jGBtpLZ9WMlfj1skjsblArpC5lVAp+YqF9p2zik6U6BF4qYkBykqbfur1QlJHFChCcdKNV0n0l6CpWaE01G2FSsaYTLAPdo0VOCAKi+ZrjBCJ0bpoG4ozREaTdXfHQkOlBoGvqkMsO6reW8i/uc1Y9299BImolhTQWaDujFHOkSTPFCHSUo0HxqCiWTmr4j0scREm9SyJgR3fuVFUjsruk7RvTvPlcppHBk4gmPIgwsXUIJbqEAVCDzCM7zCm/VkvVjv1sesdMlKew7gD6zPHz05lBY=</latexit>

Probability of a picked card being           or



Definitions: Non-disjoint 
Events

Two compound events with points in common are termed non-disjoint.

A B

P (A [ B) = P (A) + P (B)� P (A \ B)
<latexit sha1_base64="7OGegJadu5mhnUZiZ7/uejhr3Jw=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxRSwzIuhGqHXjsoJ9QDuUTJppQzMPkoxQhvYP3Pgrblwo4talO//GtJ2Fth4IOfece0nucSPOpLKsbyOztLyyupZdz21sbm3vmLt7dRnGgtAaCXkomi6WlLOA1hRTnDYjQbHvctpwBzcTv/FAhWRhcK+GEXV83AuYxwhWWuqYx9XC9bhN4mhcKaIrpKsiOtGXrk7RzMMTr2PmrZI1BVokdkrykKLaMb/a3ZDEPg0U4VjKlm1FykmwUIxwOsq1Y0kjTAa4R1uaBtin0kmmC43QkVa6yAuFPoFCU/X3RIJ9KYe+qzt9rPpy3puI/3mtWHmXTsKCKFY0ILOHvJgjFaJJOqjLBCWKDzXBRDD9V0T6WGCidIY5HYI9v/IiqZ+VbKtk353ny5U0jiwcwCEUwIYLKMMtVKEGBB7hGV7hzXgyXox342PWmjHSmX34A+PzB/SamL8=</latexit><latexit sha1_base64="7OGegJadu5mhnUZiZ7/uejhr3Jw=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxRSwzIuhGqHXjsoJ9QDuUTJppQzMPkoxQhvYP3Pgrblwo4talO//GtJ2Fth4IOfece0nucSPOpLKsbyOztLyyupZdz21sbm3vmLt7dRnGgtAaCXkomi6WlLOA1hRTnDYjQbHvctpwBzcTv/FAhWRhcK+GEXV83AuYxwhWWuqYx9XC9bhN4mhcKaIrpKsiOtGXrk7RzMMTr2PmrZI1BVokdkrykKLaMb/a3ZDEPg0U4VjKlm1FykmwUIxwOsq1Y0kjTAa4R1uaBtin0kmmC43QkVa6yAuFPoFCU/X3RIJ9KYe+qzt9rPpy3puI/3mtWHmXTsKCKFY0ILOHvJgjFaJJOqjLBCWKDzXBRDD9V0T6WGCidIY5HYI9v/IiqZ+VbKtk353ny5U0jiwcwCEUwIYLKMMtVKEGBB7hGV7hzXgyXox342PWmjHSmX34A+PzB/SamL8=</latexit><latexit sha1_base64="7OGegJadu5mhnUZiZ7/uejhr3Jw=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxRSwzIuhGqHXjsoJ9QDuUTJppQzMPkoxQhvYP3Pgrblwo4talO//GtJ2Fth4IOfece0nucSPOpLKsbyOztLyyupZdz21sbm3vmLt7dRnGgtAaCXkomi6WlLOA1hRTnDYjQbHvctpwBzcTv/FAhWRhcK+GEXV83AuYxwhWWuqYx9XC9bhN4mhcKaIrpKsiOtGXrk7RzMMTr2PmrZI1BVokdkrykKLaMb/a3ZDEPg0U4VjKlm1FykmwUIxwOsq1Y0kjTAa4R1uaBtin0kmmC43QkVa6yAuFPoFCU/X3RIJ9KYe+qzt9rPpy3puI/3mtWHmXTsKCKFY0ILOHvJgjFaJJOqjLBCWKDzXBRDD9V0T6WGCidIY5HYI9v/IiqZ+VbKtk353ny5U0jiwcwCEUwIYLKMMtVKEGBB7hGV7hzXgyXox342PWmjHSmX34A+PzB/SamL8=</latexit><latexit sha1_base64="7OGegJadu5mhnUZiZ7/uejhr3Jw=">AAACEHicbVDLSgMxFL1TX7W+Rl26CRaxRSwzIuhGqHXjsoJ9QDuUTJppQzMPkoxQhvYP3Pgrblwo4talO//GtJ2Fth4IOfece0nucSPOpLKsbyOztLyyupZdz21sbm3vmLt7dRnGgtAaCXkomi6WlLOA1hRTnDYjQbHvctpwBzcTv/FAhWRhcK+GEXV83AuYxwhWWuqYx9XC9bhN4mhcKaIrpKsiOtGXrk7RzMMTr2PmrZI1BVokdkrykKLaMb/a3ZDEPg0U4VjKlm1FykmwUIxwOsq1Y0kjTAa4R1uaBtin0kmmC43QkVa6yAuFPoFCU/X3RIJ9KYe+qzt9rPpy3puI/3mtWHmXTsKCKFY0ILOHvJgjFaJJOqjLBCWKDzXBRDD9V0T6WGCidIY5HYI9v/IiqZ+VbKtk353ny5U0jiwcwCEUwIYLKMMtVKEGBB7hGV7hzXgyXox342PWmjHSmX34A+PzB/SamL8=</latexit>

Probability of a picked card having the number  3   or



Definitions: Conditional 
Probability

We will often be interested in events which occur under certain conditions. 


Conditional probability measures the effect (if any) of the occurrence of an 
event A when it is known that event B has occurred in the expt.

E.g. What’s the probability of a card drawn having       given that it is a one-
eyed jack?

P (X|Y ) :=
P (XY )

P (Y )
<latexit sha1_base64="DbUnf/wRuDggWAhHXOqVmgpWdcE=">AAACBXicbVDLSgMxFL1TX7W+Rl3qIliEdlNmRFAEoejGZQX7oi0lk2ba0ExmSDJCGbtx46+4caGIW//BnX9j2s5CWw8kOTnnXpJ7vIgzpR3n28osLa+srmXXcxubW9s79u5eTYWxJLRKQh7KhocV5UzQqmaa00YkKQ48Tuve8Hri1++pVCwUd3oU0U6A+4L5jGBtpK59WCk0HppFdHGJ2r7EJDH3ZnFsDrN37bxTcqZAi8RNSR5SVLr2V7sXkjigQhOOlWq5TqQ7CZaaEU7HuXasaITJEPdpy1CBA6o6yXSKMTo2Sg/5oTRLaDRVf3ckOFBqFHimMsB6oOa9ifif14q1f95JmIhiTQWZPeTHHOkQTSJBPSYp0XxkCCaSmb8iMsAmDG2Cy5kQ3PmRF0ntpOQ6Jff2NF++SuPIwgEcQQFcOIMy3EAFqkDgEZ7hFd6sJ+vFerc+ZqUZK+3Zhz+wPn8AOzOWfA==</latexit><latexit sha1_base64="DbUnf/wRuDggWAhHXOqVmgpWdcE=">AAACBXicbVDLSgMxFL1TX7W+Rl3qIliEdlNmRFAEoejGZQX7oi0lk2ba0ExmSDJCGbtx46+4caGIW//BnX9j2s5CWw8kOTnnXpJ7vIgzpR3n28osLa+srmXXcxubW9s79u5eTYWxJLRKQh7KhocV5UzQqmaa00YkKQ48Tuve8Hri1++pVCwUd3oU0U6A+4L5jGBtpK59WCk0HppFdHGJ2r7EJDH3ZnFsDrN37bxTcqZAi8RNSR5SVLr2V7sXkjigQhOOlWq5TqQ7CZaaEU7HuXasaITJEPdpy1CBA6o6yXSKMTo2Sg/5oTRLaDRVf3ckOFBqFHimMsB6oOa9ifif14q1f95JmIhiTQWZPeTHHOkQTSJBPSYp0XxkCCaSmb8iMsAmDG2Cy5kQ3PmRF0ntpOQ6Jff2NF++SuPIwgEcQQFcOIMy3EAFqkDgEZ7hFd6sJ+vFerc+ZqUZK+3Zhz+wPn8AOzOWfA==</latexit><latexit sha1_base64="DbUnf/wRuDggWAhHXOqVmgpWdcE=">AAACBXicbVDLSgMxFL1TX7W+Rl3qIliEdlNmRFAEoejGZQX7oi0lk2ba0ExmSDJCGbtx46+4caGIW//BnX9j2s5CWw8kOTnnXpJ7vIgzpR3n28osLa+srmXXcxubW9s79u5eTYWxJLRKQh7KhocV5UzQqmaa00YkKQ48Tuve8Hri1++pVCwUd3oU0U6A+4L5jGBtpK59WCk0HppFdHGJ2r7EJDH3ZnFsDrN37bxTcqZAi8RNSR5SVLr2V7sXkjigQhOOlWq5TqQ7CZaaEU7HuXasaITJEPdpy1CBA6o6yXSKMTo2Sg/5oTRLaDRVf3ckOFBqFHimMsB6oOa9ifif14q1f95JmIhiTQWZPeTHHOkQTSJBPSYp0XxkCCaSmb8iMsAmDG2Cy5kQ3PmRF0ntpOQ6Jff2NF++SuPIwgEcQQFcOIMy3EAFqkDgEZ7hFd6sJ+vFerc+ZqUZK+3Zhz+wPn8AOzOWfA==</latexit><latexit sha1_base64="DbUnf/wRuDggWAhHXOqVmgpWdcE=">AAACBXicbVDLSgMxFL1TX7W+Rl3qIliEdlNmRFAEoejGZQX7oi0lk2ba0ExmSDJCGbtx46+4caGIW//BnX9j2s5CWw8kOTnnXpJ7vIgzpR3n28osLa+srmXXcxubW9s79u5eTYWxJLRKQh7KhocV5UzQqmaa00YkKQ48Tuve8Hri1++pVCwUd3oU0U6A+4L5jGBtpK59WCk0HppFdHGJ2r7EJDH3ZnFsDrN37bxTcqZAi8RNSR5SVLr2V7sXkjigQhOOlWq5TqQ7CZaaEU7HuXasaITJEPdpy1CBA6o6yXSKMTo2Sg/5oTRLaDRVf3ckOFBqFHimMsB6oOa9ifif14q1f95JmIhiTQWZPeTHHOkQTSJBPSYp0XxkCCaSmb8iMsAmDG2Cy5kQ3PmRF0ntpOQ6Jff2NF++SuPIwgEcQQFcOIMy3EAFqkDgEZ7hFd6sJ+vFerc+ZqUZK+3Zhz+wPn8AOzOWfA==</latexit>

When the two events are independent we have

P (XY ) = P (X)P (Y )
<latexit sha1_base64="ZDr+nAwWEnuw8pToqir8aY3iTis=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovQbkoigm6EohuXEeyLNpTJdNIOnUzCzKRQQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOUHCmdKO820VNja3tneKu6W9/YPDI/v4pKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHw/91sTKhWLxZOeJtSP8FCwkBGsjdS3ba/S7lTRLTK96lU61b5ddmrOAmiduDkpQw6vb3/1BjFJIyo04Viprusk2s+w1IxwOiv1UkUTTMZ4SLuGChxR5WeLy2fowigDFMbSlNBoof7eyHCk1DQKzGSE9UitenPxP6+b6vDGz5hIUk0FWT4UphzpGM1jQAMmKdF8aggmkplbERlhiYk2YZVMCO7ql9dJ87LmOjX38apcv8vjKMIZnEMFXLiGOjyABw0gMIFneIU3K7NerHfrYzlasPKdU/gD6/MHoZyRDQ==</latexit><latexit sha1_base64="ZDr+nAwWEnuw8pToqir8aY3iTis=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovQbkoigm6EohuXEeyLNpTJdNIOnUzCzKRQQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOUHCmdKO820VNja3tneKu6W9/YPDI/v4pKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHw/91sTKhWLxZOeJtSP8FCwkBGsjdS3ba/S7lTRLTK96lU61b5ddmrOAmiduDkpQw6vb3/1BjFJIyo04Viprusk2s+w1IxwOiv1UkUTTMZ4SLuGChxR5WeLy2fowigDFMbSlNBoof7eyHCk1DQKzGSE9UitenPxP6+b6vDGz5hIUk0FWT4UphzpGM1jQAMmKdF8aggmkplbERlhiYk2YZVMCO7ql9dJ87LmOjX38apcv8vjKMIZnEMFXLiGOjyABw0gMIFneIU3K7NerHfrYzlasPKdU/gD6/MHoZyRDQ==</latexit><latexit sha1_base64="ZDr+nAwWEnuw8pToqir8aY3iTis=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovQbkoigm6EohuXEeyLNpTJdNIOnUzCzKRQQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOUHCmdKO820VNja3tneKu6W9/YPDI/v4pKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHw/91sTKhWLxZOeJtSP8FCwkBGsjdS3ba/S7lTRLTK96lU61b5ddmrOAmiduDkpQw6vb3/1BjFJIyo04Viprusk2s+w1IxwOiv1UkUTTMZ4SLuGChxR5WeLy2fowigDFMbSlNBoof7eyHCk1DQKzGSE9UitenPxP6+b6vDGz5hIUk0FWT4UphzpGM1jQAMmKdF8aggmkplbERlhiYk2YZVMCO7ql9dJ87LmOjX38apcv8vjKMIZnEMFXLiGOjyABw0gMIFneIU3K7NerHfrYzlasPKdU/gD6/MHoZyRDQ==</latexit><latexit sha1_base64="ZDr+nAwWEnuw8pToqir8aY3iTis=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovQbkoigm6EohuXEeyLNpTJdNIOnUzCzKRQQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOUHCmdKO820VNja3tneKu6W9/YPDI/v4pKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHw/91sTKhWLxZOeJtSP8FCwkBGsjdS3ba/S7lTRLTK96lU61b5ddmrOAmiduDkpQw6vb3/1BjFJIyo04Viprusk2s+w1IxwOiv1UkUTTMZ4SLuGChxR5WeLy2fowigDFMbSlNBoof7eyHCk1DQKzGSE9UitenPxP6+b6vDGz5hIUk0FWT4UphzpGM1jQAMmKdF8aggmkplbERlhiYk2YZVMCO7ql9dJ87LmOjX38apcv8vjKMIZnEMFXLiGOjyABw0gMIFneIU3K7NerHfrYzlasPKdU/gD6/MHoZyRDQ==</latexit>

Or

<latexit sha1_base64="X5Og6GjlND2vFXkcr62/8ehPKH0=">AAACAnicbVBNS8MwGE7n15xfVU/iJTiE7TJaEfUiDL14rOC2ylZGmqVbWJqWJBVGN7z4V7x4UMSrv8Kb/8Z060E3H0jy5Hnel+R9/JhRqSzr2ygsLa+srhXXSxubW9s75u5eU0aJwKSBIxYJ10eSMMpJQ1HFiBsLgkKfkZY/vM781gMRkkb8To1i4oWoz2lAMVJa6poHTsUd31ehU9HbZXaM3ezmVrtm2apZU8BFYuekDHI4XfOr04twEhKuMENStm0rVl6KhKKYkUmpk0gSIzxEfdLWlKOQSC+djjCBx1rpwSASenEFp+rvjhSFUo5CX1eGSA3kvJeJ/3ntRAUXXkp5nCjC8eyhIGFQRTDLA/aoIFixkSYIC6r/CvEACYSVTq2kQ7DnR14kzZOafVazb0/L9as8jiI4BEegAmxwDurgBjigATB4BM/gFbwZT8aL8W58zEoLRt6zD/7A+PwB/JST9w==</latexit>

P (X|Y )P (Y ) = P (Y |X)P (X)
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Probability Distributions
Discrete events
When 2 dice are rolled together, what is the probability that the sum of the 
resulting numbers is s ?

s 2 3 4 5 6 7 8 9 10 11 12

P(s) 1/36 1/18 1/12 1/9 5/36 1/6 5/36 1/9 1/12 1/18 1/36

Probability is a function of s 
 

P(s) is called a 

probability distribution function 

Note that,
P (s) � 0

<latexit sha1_base64="BRqdnTIqOy1L3VMm8pEZP8nZSuE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB+QhrLZTtqlm03c3Qil9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIej25nffkKleSIfzDjFIKYDySPOqLGS36jqc9Id4CNxe+WKW3PnIKvEy0kFcjR65a9uP2FZjNIwQbX2PTc1wYQqw5nAaambaUwpG9EB+pZKGqMOJvOTp+TMKn0SJcqWNGSu/p6Y0FjrcRzazpiaoV72ZuJ/np+Z6DqYcJlmBiVbLIoyQUxCZv+TPlfIjBhbQpni9lbChlRRZmxKJRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTqIIHV1CHO2hAExgk8Ayv8OYY58V5dz4WrQUnnzmGP3A+fwBpgZAF</latexit><latexit sha1_base64="BRqdnTIqOy1L3VMm8pEZP8nZSuE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB+QhrLZTtqlm03c3Qil9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIej25nffkKleSIfzDjFIKYDySPOqLGS36jqc9Id4CNxe+WKW3PnIKvEy0kFcjR65a9uP2FZjNIwQbX2PTc1wYQqw5nAaambaUwpG9EB+pZKGqMOJvOTp+TMKn0SJcqWNGSu/p6Y0FjrcRzazpiaoV72ZuJ/np+Z6DqYcJlmBiVbLIoyQUxCZv+TPlfIjBhbQpni9lbChlRRZmxKJRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTqIIHV1CHO2hAExgk8Ayv8OYY58V5dz4WrQUnnzmGP3A+fwBpgZAF</latexit><latexit sha1_base64="BRqdnTIqOy1L3VMm8pEZP8nZSuE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB+QhrLZTtqlm03c3Qil9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIej25nffkKleSIfzDjFIKYDySPOqLGS36jqc9Id4CNxe+WKW3PnIKvEy0kFcjR65a9uP2FZjNIwQbX2PTc1wYQqw5nAaambaUwpG9EB+pZKGqMOJvOTp+TMKn0SJcqWNGSu/p6Y0FjrcRzazpiaoV72ZuJ/np+Z6DqYcJlmBiVbLIoyQUxCZv+TPlfIjBhbQpni9lbChlRRZmxKJRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTqIIHV1CHO2hAExgk8Ayv8OYY58V5dz4WrQUnnzmGP3A+fwBpgZAF</latexit><latexit sha1_base64="BRqdnTIqOy1L3VMm8pEZP8nZSuE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB+QhrLZTtqlm03c3Qil9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIej25nffkKleSIfzDjFIKYDySPOqLGS36jqc9Id4CNxe+WKW3PnIKvEy0kFcjR65a9uP2FZjNIwQbX2PTc1wYQqw5nAaambaUwpG9EB+pZKGqMOJvOTp+TMKn0SJcqWNGSu/p6Y0FjrcRzazpiaoV72ZuJ/np+Z6DqYcJlmBiVbLIoyQUxCZv+TPlfIjBhbQpni9lbChlRRZmxKJRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTqIIHV1CHO2hAExgk8Ayv8OYY58V5dz4WrQUnnzmGP3A+fwBpgZAF</latexit>X

s

P (s) = 1
<latexit sha1_base64="BF3N7w5Gv70sHHw7gwkwh1uJ6RE=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEI9VISEfQiFL14rGA/oAlhs920S3eTsLsRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuaFKWdKO863tbS8srq2Xtoob25t7+zae/stlWSS0CZJeCI7IVaUs5g2NdOcdlJJsQg5bYfDm4nffqBSsSS+16OU+gL3YxYxgrWRAvvQU5nwOBNMq0ChRlWdoivkBnbFqTlToEXiFqQCBRqB/eX1EpIJGmvCsVJd10m1n2OpGeF0XPYyRVNMhrhPu4bGWFDl59P7x+jEKD0UJdJUrNFU/T2RY6HUSISmU2A9UPPeRPzP62Y6uvRzFqeZpjGZLYoyjnSCJmGgHpOUaD4yBBPJzK2IDLDERJvIyiYEd/7lRdI6q7lOzb07r9SvizhKcATHUAUXLqAOt9CAJhB4hGd4hTfryXqx3q2PWeuSVcwcwB9Ynz8lOpTa</latexit><latexit sha1_base64="BF3N7w5Gv70sHHw7gwkwh1uJ6RE=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEI9VISEfQiFL14rGA/oAlhs920S3eTsLsRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuaFKWdKO863tbS8srq2Xtoob25t7+zae/stlWSS0CZJeCI7IVaUs5g2NdOcdlJJsQg5bYfDm4nffqBSsSS+16OU+gL3YxYxgrWRAvvQU5nwOBNMq0ChRlWdoivkBnbFqTlToEXiFqQCBRqB/eX1EpIJGmvCsVJd10m1n2OpGeF0XPYyRVNMhrhPu4bGWFDl59P7x+jEKD0UJdJUrNFU/T2RY6HUSISmU2A9UPPeRPzP62Y6uvRzFqeZpjGZLYoyjnSCJmGgHpOUaD4yBBPJzK2IDLDERJvIyiYEd/7lRdI6q7lOzb07r9SvizhKcATHUAUXLqAOt9CAJhB4hGd4hTfryXqx3q2PWeuSVcwcwB9Ynz8lOpTa</latexit><latexit sha1_base64="BF3N7w5Gv70sHHw7gwkwh1uJ6RE=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEI9VISEfQiFL14rGA/oAlhs920S3eTsLsRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuaFKWdKO863tbS8srq2Xtoob25t7+zae/stlWSS0CZJeCI7IVaUs5g2NdOcdlJJsQg5bYfDm4nffqBSsSS+16OU+gL3YxYxgrWRAvvQU5nwOBNMq0ChRlWdoivkBnbFqTlToEXiFqQCBRqB/eX1EpIJGmvCsVJd10m1n2OpGeF0XPYyRVNMhrhPu4bGWFDl59P7x+jEKD0UJdJUrNFU/T2RY6HUSISmU2A9UPPeRPzP62Y6uvRzFqeZpjGZLYoyjnSCJmGgHpOUaD4yBBPJzK2IDLDERJvIyiYEd/7lRdI6q7lOzb07r9SvizhKcATHUAUXLqAOt9CAJhB4hGd4hTfryXqx3q2PWeuSVcwcwB9Ynz8lOpTa</latexit><latexit sha1_base64="BF3N7w5Gv70sHHw7gwkwh1uJ6RE=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEI9VISEfQiFL14rGA/oAlhs920S3eTsLsRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuaFKWdKO863tbS8srq2Xtoob25t7+zae/stlWSS0CZJeCI7IVaUs5g2NdOcdlJJsQg5bYfDm4nffqBSsSS+16OU+gL3YxYxgrWRAvvQU5nwOBNMq0ChRlWdoivkBnbFqTlToEXiFqQCBRqB/eX1EpIJGmvCsVJd10m1n2OpGeF0XPYyRVNMhrhPu4bGWFDl59P7x+jEKD0UJdJUrNFU/T2RY6HUSISmU2A9UPPeRPzP62Y6uvRzFqeZpjGZLYoyjnSCJmGgHpOUaD4yBBPJzK2IDLDERJvIyiYEd/7lRdI6q7lOzb07r9SvizhKcATHUAUXLqAOt9CAJhB4hGd4hTfryXqx3q2PWeuSVcwcwB9Ynz8lOpTa</latexit>



Probability Distributions
Continuous events

A gas in a contained at temperature T and 
pressure P is allowed to escape, via a small 
slit made on one of the walls, in to 
vaccuum. 


The escaping molecule is allowed to 
encounter a screen with a detector. 


The direction of motion of the molecule can 
be determined by the position of detection 
on the screen  and the location of the slit.


What is the probability that an escaping 
molecule was traveling in a certain 
direction?

�x
<latexit sha1_base64="5syVK74AStCol4gd1UyhnYkTmfo=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GNRDx4r2A9oQ9lsJ+3SzSbuTsQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqOTR4LGPdDpgBKRQ0UKCEdqKBRYGEVjC6nvqtR9BGxOoexwn4ERsoEQrO0Ert7g1IZPSpV664VXcGuky8nFRIjnqv/NXtxzyNQCGXzJiO5yboZ0yj4BImpW5qIGF8xAbQsVSxCIyfze6d0BOr9GkYa1sK6Uz9PZGxyJhxFNjOiOHQLHpT8T+vk2J46WdCJSmC4vNFYSopxnT6PO0LDRzl2BLGtbC3Uj5kmnG0EZVsCN7iy8ukeVb13Kp3d16pXeVxFMkROSanxCMXpEZuSZ00CCeSPJNX8uY8OC/Ou/Mxby04+cwh+QPn8weVhY+o</latexit><latexit sha1_base64="5syVK74AStCol4gd1UyhnYkTmfo=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GNRDx4r2A9oQ9lsJ+3SzSbuTsQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqOTR4LGPdDpgBKRQ0UKCEdqKBRYGEVjC6nvqtR9BGxOoexwn4ERsoEQrO0Ert7g1IZPSpV664VXcGuky8nFRIjnqv/NXtxzyNQCGXzJiO5yboZ0yj4BImpW5qIGF8xAbQsVSxCIyfze6d0BOr9GkYa1sK6Uz9PZGxyJhxFNjOiOHQLHpT8T+vk2J46WdCJSmC4vNFYSopxnT6PO0LDRzl2BLGtbC3Uj5kmnG0EZVsCN7iy8ukeVb13Kp3d16pXeVxFMkROSanxCMXpEZuSZ00CCeSPJNX8uY8OC/Ou/Mxby04+cwh+QPn8weVhY+o</latexit><latexit sha1_base64="5syVK74AStCol4gd1UyhnYkTmfo=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GNRDx4r2A9oQ9lsJ+3SzSbuTsQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqOTR4LGPdDpgBKRQ0UKCEdqKBRYGEVjC6nvqtR9BGxOoexwn4ERsoEQrO0Ert7g1IZPSpV664VXcGuky8nFRIjnqv/NXtxzyNQCGXzJiO5yboZ0yj4BImpW5qIGF8xAbQsVSxCIyfze6d0BOr9GkYa1sK6Uz9PZGxyJhxFNjOiOHQLHpT8T+vk2J46WdCJSmC4vNFYSopxnT6PO0LDRzl2BLGtbC3Uj5kmnG0EZVsCN7iy8ukeVb13Kp3d16pXeVxFMkROSanxCMXpEZuSZ00CCeSPJNX8uY8OC/Ou/Mxby04+cwh+QPn8weVhY+o</latexit><latexit sha1_base64="5syVK74AStCol4gd1UyhnYkTmfo=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GNRDx4r2A9oQ9lsJ+3SzSbuTsQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqOTR4LGPdDpgBKRQ0UKCEdqKBRYGEVjC6nvqtR9BGxOoexwn4ERsoEQrO0Ert7g1IZPSpV664VXcGuky8nFRIjnqv/NXtxzyNQCGXzJiO5yboZ0yj4BImpW5qIGF8xAbQsVSxCIyfze6d0BOr9GkYa1sK6Uz9PZGxyJhxFNjOiOHQLHpT8T+vk2J46WdCJSmC4vNFYSopxnT6PO0LDRzl2BLGtbC3Uj5kmnG0EZVsCN7iy8ukeVb13Kp3d16pXeVxFMkROSanxCMXpEZuSZ00CCeSPJNX8uY8OC/Ou/Mxby04+cwh+QPn8weVhY+o</latexit> x = 0

<latexit sha1_base64="eT1kOqi+VH30IErBEkmqGdtoqQM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7p+u3F654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz0My6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZfXibNs6rnVr2780rtOo+jCEdwDKfgwQXU4Bbq0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz/Wc419</latexit><latexit sha1_base64="eT1kOqi+VH30IErBEkmqGdtoqQM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7p+u3F654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz0My6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZfXibNs6rnVr2780rtOo+jCEdwDKfgwQXU4Bbq0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz/Wc419</latexit><latexit sha1_base64="eT1kOqi+VH30IErBEkmqGdtoqQM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7p+u3F654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz0My6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZfXibNs6rnVr2780rtOo+jCEdwDKfgwQXU4Bbq0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz/Wc419</latexit><latexit sha1_base64="eT1kOqi+VH30IErBEkmqGdtoqQM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7p+u3F654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz0My6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZfXibNs6rnVr2780rtOo+jCEdwDKfgwQXU4Bbq0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz/Wc419</latexit>

Gas

Screen

Slit

The event here is x and is continuously

distributed on the screen.


Note that, the probability of a 

molecule landing at a particular 

point on the screen is zero!
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Probability Distributions
Continuous events

We can only measure the likelihood of a 
molecule landing in a particular “detector 
bin”. 


This will result in a histogram. 

�x
<latexit sha1_base64="5syVK74AStCol4gd1UyhnYkTmfo=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GNRDx4r2A9oQ9lsJ+3SzSbuTsQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqOTR4LGPdDpgBKRQ0UKCEdqKBRYGEVjC6nvqtR9BGxOoexwn4ERsoEQrO0Ert7g1IZPSpV664VXcGuky8nFRIjnqv/NXtxzyNQCGXzJiO5yboZ0yj4BImpW5qIGF8xAbQsVSxCIyfze6d0BOr9GkYa1sK6Uz9PZGxyJhxFNjOiOHQLHpT8T+vk2J46WdCJSmC4vNFYSopxnT6PO0LDRzl2BLGtbC3Uj5kmnG0EZVsCN7iy8ukeVb13Kp3d16pXeVxFMkROSanxCMXpEZuSZ00CCeSPJNX8uY8OC/Ou/Mxby04+cwh+QPn8weVhY+o</latexit><latexit sha1_base64="5syVK74AStCol4gd1UyhnYkTmfo=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GNRDx4r2A9oQ9lsJ+3SzSbuTsQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqOTR4LGPdDpgBKRQ0UKCEdqKBRYGEVjC6nvqtR9BGxOoexwn4ERsoEQrO0Ert7g1IZPSpV664VXcGuky8nFRIjnqv/NXtxzyNQCGXzJiO5yboZ0yj4BImpW5qIGF8xAbQsVSxCIyfze6d0BOr9GkYa1sK6Uz9PZGxyJhxFNjOiOHQLHpT8T+vk2J46WdCJSmC4vNFYSopxnT6PO0LDRzl2BLGtbC3Uj5kmnG0EZVsCN7iy8ukeVb13Kp3d16pXeVxFMkROSanxCMXpEZuSZ00CCeSPJNX8uY8OC/Ou/Mxby04+cwh+QPn8weVhY+o</latexit><latexit sha1_base64="5syVK74AStCol4gd1UyhnYkTmfo=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GNRDx4r2A9oQ9lsJ+3SzSbuTsQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqOTR4LGPdDpgBKRQ0UKCEdqKBRYGEVjC6nvqtR9BGxOoexwn4ERsoEQrO0Ert7g1IZPSpV664VXcGuky8nFRIjnqv/NXtxzyNQCGXzJiO5yboZ0yj4BImpW5qIGF8xAbQsVSxCIyfze6d0BOr9GkYa1sK6Uz9PZGxyJhxFNjOiOHQLHpT8T+vk2J46WdCJSmC4vNFYSopxnT6PO0LDRzl2BLGtbC3Uj5kmnG0EZVsCN7iy8ukeVb13Kp3d16pXeVxFMkROSanxCMXpEZuSZ00CCeSPJNX8uY8OC/Ou/Mxby04+cwh+QPn8weVhY+o</latexit><latexit sha1_base64="5syVK74AStCol4gd1UyhnYkTmfo=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GNRDx4r2A9oQ9lsJ+3SzSbuTsQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqOTR4LGPdDpgBKRQ0UKCEdqKBRYGEVjC6nvqtR9BGxOoexwn4ERsoEQrO0Ert7g1IZPSpV664VXcGuky8nFRIjnqv/NXtxzyNQCGXzJiO5yboZ0yj4BImpW5qIGF8xAbQsVSxCIyfze6d0BOr9GkYa1sK6Uz9PZGxyJhxFNjOiOHQLHpT8T+vk2J46WdCJSmC4vNFYSopxnT6PO0LDRzl2BLGtbC3Uj5kmnG0EZVsCN7iy8ukeVb13Kp3d16pXeVxFMkROSanxCMXpEZuSZ00CCeSPJNX8uY8OC/Ou/Mxby04+cwh+QPn8weVhY+o</latexit> x = 0
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= probability that a molecule will strike 

the strip of width Dx whose centre is x



Probability Distributions
Continuous events

The histogram gets sharper if we increase 
the resolution of the detector.

�x
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<latexit sha1_base64="eT1kOqi+VH30IErBEkmqGdtoqQM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7p+u3F654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz0My6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZfXibNs6rnVr2780rtOo+jCEdwDKfgwQXU4Bbq0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz/Wc419</latexit><latexit sha1_base64="eT1kOqi+VH30IErBEkmqGdtoqQM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7p+u3F654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz0My6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZfXibNs6rnVr2780rtOo+jCEdwDKfgwQXU4Bbq0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz/Wc419</latexit><latexit sha1_base64="eT1kOqi+VH30IErBEkmqGdtoqQM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7p+u3F654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz0My6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZfXibNs6rnVr2780rtOo+jCEdwDKfgwQXU4Bbq0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz/Wc419</latexit><latexit sha1_base64="eT1kOqi+VH30IErBEkmqGdtoqQM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7p+u3F654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz0My6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZfXibNs6rnVr2780rtOo+jCEdwDKfgwQXU4Bbq0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz/Wc419</latexit>
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= probability that a molecule will strike 

the strip of width Dx whose centre is x
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Probability Distributions
Continuous events

In the limit of fine resolution we can define 
the distribution function:

f(x) = lim
�x!0

P (x,�x)

�x
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the detector between x and x+dx

f(x) dx
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f(x) dx = 1
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Properties:



Probability Distributions
Continuous events

Probable number of molecules that will strike the screen between x and x+dx

Where N is the total number of molecules in the gas. Here, we have assumed that 
the arrival events of each molecule at the screen are independent.
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F (x) dx = N
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F (x) dx = N f(x) dx
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