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Example 7.4. (Convolution of binomials with the same success probability) Let X ~

Bin(my, p) and Y ~ Bin(m;, p) be independent. Find the distribution of X + Y.
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Example 7.5. (Convolution of geometric random variables) Let X and Y be inde-
pendent geometric random variables with the same success parameter p < 1. Find

the distribution of X + Y.
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Definition 7.6. Let k be a positive integer and 0 < p < 1. A random variable

X has the negative binomial distribution with parameters (k, p) if the set of
possible values of X is the set of integers {k, k+ 1, k+ 2, ...} and the probability

mass function is

PX =n) = (:: i)pk(l — for n > k.

Abbreviate this by X ~ Negbin(k, p).

Note that the Negbin(1, p) distribution is the same as the Geom(p) distribution.
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Example 7.13. (Convolution of uniform random variables) Suppose that X and Y

are independent and distributed as Unif[0, 1]. Find the distribution of X + Y.
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Fact 7.9. Assume X1, X2,..., X, are independent random variables with X; ~

Npi,0?),a; #0,and b € R. Let X = a; X;+ - -+ a,X, +b. Then X ~ N(u,0?)
where =

p=ajpur+---+anun+b and o?=dlel+ -+ alol.
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Example 7.10. Let X ~ A/(1,3) and Y ~ AN(0,4) be independent and let

W = ;X — Y + 6. Identify the distribution of W.
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Example 7.12. (Convolution of exponential random variables) Suppose that X and

Y are independent Exptx) random variables. Find the density of X + Y.
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Definition 5.1. The [moment generating function bf a random variable X is
defined by M(t) = E(e™). It is a function of the real variable t.
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Example 5.2. Let X be a discrete random variable with probability mass function

PX=-1)=3 PX=4)=¢ and PX =9) =7
Find the moment generati;l—é function of X.
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Example 5.4. (Moment generating function of the Poisson distribution) Let X ~
Poisson(A). The calculation is an application of formula (3.24) with the Poisson

probability mass function:
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Example 5.5. (Moment generating function of the normal distribution) Let Z ~
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Example 5.6. (Moment generating function of the exponential distribution) Let

X ~ Exp(A). Then
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Fact 5.7. When the moment generating function M(t) of a random variable X

is finite in an interval around the origin, the moments of X are given by

EX™) = M™(0).
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Example 5.8. (Moments of the Bernoulli distribution)
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Example 5.9. (Moments of the exponential distribution) Let X ~ Exp(A). From

Example 5.6 its m.g.f. is
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Example 5.10. (Moments of the standard normal) Let Z ~ A/(0, 1). From Example

5.5 we have M,(t) = /2 Instead of differentiating this repeatedly, we can find

the derivatives directly from the Taylor expansion.
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