Probability
Basic Definitions:

Random Experiment: 
Is the process of observing the outcome of a chance event.

Elementary Outcomes:
Are all possible results of the random experiment.

Sample Space: 
Is the set or collection of all the elementary outcomes.

Probability: 
Is the numerical weight or likelihood of an outcome (Oi) occurring.  This is written as P(Oi).  In general, elementary outcomes need not have equal probabilities.

Independence:
Two events are independent of each other if the occurrence of one has no influence on the probability of the other.
Dice Examples:   (See transparency, outline outcomes that correspond to each event)

Event A
= White die shows 2

Event B
= Black die shows 1

Event C
= White die shows 2 at the same time that Black die shows 1

Event D
= White & Black dice total to 3

Event E
= White & Black dice total to 6

P(A)

= 1/6

P(B)

= 1/6

P(A and B)
= P(A) P(B) = 1/6 ( 1/6 = 1/36
P(C) 

= P(A and B) = 1/36

P(A or B) 
= P(A) + P(B) – P(A and B)  = 1/6 + 1/6 –1/36  = 11/36
P(not A)
= 1 – P(A) = 1 – 1/6 = 5/6

P(D)

= 2/36 = 1/18  

(White = 1 and Black = 2) or (White = 2 and Black =1)

P(D or A)
= P(D) + P(A) – P(D and A) = 1/18+1/6–1/36 = (2+6–1)/ 36 = 7/36

Conditional Probability:

What is the probability that the dice total to 3 (event D) given that the black die has already been rolled and shows 1 (event B).  
Definition of the Conditional Probability of D given A:

P(D|A) = P(D and A) / P(A) = (1/36) / (1/6) = 1/6
Probability Rules

Addition Rule:
P(E or F) = P(E) + P(F) – P(E and F)

Subtraction Rule:
P(E) = 1 – P(not E)

Multiplication Rule: 
P(E and F) = P(E|F) P(F)

Application: Accidental Coincidences
A cosmic ray detector has two scintillation sensors.  A signal is produced when a cosmic ray passes through the sensor.  These sensors randomly produce spurious signals (noise) even when no cosmic ray has passed through them.  Therefore the detector only counts cosmic rays when both sensors produce a signal.  

Given that detector A has a totally random count rate of NA (counts/s), detector B has an unrelated count rate of NB, and both have a pulse width of (; 
Typical values: N = 100 counts / s,  ( = 50 ns = 5.0x10-8 s, 
N( = 10 counts / min   
(i.e. N : N( = 600:1)
· What is the probability of a count on detector A during any pulse interval?

· Given a count on A what is the probability of a count on B? 

· What is the chance of accidental coincidence, P(A and B)?  
· What is the expected rate of accidental counts, NAB?  
· If the actual rate of cosmic rays is N(, then what percentage of the count would be accidental?
The probability of a count on detector A during any pulse interval:
(i.e. there are N occurrences out of 1/( pulse intervals each second) 
P(A) = NA /(1/()  = (NA = 1x102 (5x10-8) = 5x10-6  
The probability of B given A: (B will count as a coincidence if it occurs anywhere within two pulse intervals)
P(B|A) = 2NB / (1/() = 2(NB = 2 (5x10-8) (1x102) = 1x10-5 
The probability of an accidental coincidence between A & B (ie random):
P(A and B) = P(B|A) P(A) = 2(2NA NB = 2(5x10-8)2(102)(102) = 5x10-11 
The expected rate of accidental counts:

NAB = P(A and B) / ( = 5x10-11 / (5x10-8) = 1x10-3 counts / s

This corresponds to a percentage error of:

% error = accidentals / actuals = 0.001 / (10/60) = .006 = 0.6%
