
PROBABILITY

1. Introduction.

The study of probability historically is mixed with that of games of chance and gambling, i.e the chance of this
or that happening, i.e De Moivre’s Doctrine {1718} ”The probability of an event is greater or less, according to the
number of chances by which it may happen, compared with the whole number of chances by which it may happen or
fail”.

2. Probablity Mass Function (pmf).

• A mathematical function which calculates the probability pi = P (X = x), for x = 1, 2, 3, ... of a discrete
(i.e. finite or countably infinite) random variable X.

• pi must satisfy the following conditions;
– 0 ≤ pi ≤ 1 for all i
– Σinf

i=0pi = 1

2.1. Examples.

• Toss two fair coins.
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3. Probablity Density Function (pdf).

• A mathematical function which calculates the probability P (a < x < b) = P (a ≤ x ≤ b) of a continuous
random variable X. The function calculates the area under the curve between a and b, which gives the
probability of the random variable X taking values in-between points a and b.

Figure 1. Probability density curve

3.1. The Normal Distribution. The normal distribution is probably one of the most commonly used
probability density functions as many phenomena generate random variables with probability distributions
that can be adequately approximated by a normal distribution (details not discussed). The Normal distri-
bution is perfectly symmetric about its mean µ, with it’s spread determined by the value of it’s standard
deviation σ.
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Figure 2. Different Normal densities.

3.1.1. Example. When we want to find probabilities relating to a random variable x assumed to come from
a normal distribution of mean µ and standard deviation σ we standardize it to a z score, where z = x−µ

σ ,
which relates back to the days tables were used!!

– The standard Normal distribution has mean µ = 0 and standard deviation σ = 1.
For example lets assume we are interested in a random variable x assumed to come from a normal

distribution with mean 27, and standard deviation 3, and want to calculate the probability that x is less
than 20, this is written as, P (x < 20). To calculate this we,

– Calculate the z score relating to x = 20, i.e. z = 20−27
3 = −2.33

– Then we look up the probability that P (z < −2.33) which is exactly the same as P (z > 2.33) due to
the symmetry of the normal distribution function.

– from tables we obtain a value ≈ 0.01, i,e The probability that x takes a value less than 20 is approxi-
mately 0.01.

NOTE. Using R there is no longer a need for tables!!!


