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A ,o\oomcs.c\ distribution is a function on the space of all events, which satisfies

@mu, %%éx_\g@ w 1.
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Definition. Random variable A function from the sample space to the real line.
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Expected Value and Variance: Discrete Case

Expected Value: If X is a discrete random variable, then the expected
value of X, denoted E(X), is the weighted average of all the possible
values of X, where the weights are given by the probabilities.

In symbols, if the possible values are xi, x, x3, . . ., and the probabilities
areé p1,p2,pP3, - .« then
= MUSS.

Variance: If X is a discrete random variable then the variance of X,
denoted Var(X), is the weighted average of the squared distance
between the possible values of X and the expected value of X, where the
weights are given by the probabilities.

In symbols, if the possible values are xi, x», x3, . . ., the probabilities are
pi,p2,D3,- - ., and the expected value is y, then

X — VNWN. [in other words, Var(X) = E((X — u)?)].

Standard DmSm:o:. For a random variable N with variance Var(X), the
SD or standard deviation of X is y/Var(X)

Var(X) =



Example. Mean and SD of the distribution for the number of aces. Let X
represent the number of aces in a randomly selected deal of two cards in the
game of Texas hold 'em.. Here is the probability distribution for the random

variable X:
X; (Value of X) 0 1 o)
pi (Probability) 0.8507 0.1448 0.0045

e Find E(X) = ux, the mean of the probability distribution of X.
e Find the standard deviation of the probability distribution of X.

Answers: fn R ¢
P, x & ¢ (o, 1, Nu
| — o (/850% JItH8, 004 Mz

7 f
& My ﬁ‘g\v\w%

> my g  SW (% #md\
§<v>N¢*~vdv var X iind

sdx # [e5F 30

. co 0 bt ol Loer 2,
Note & Dy, Mgt ‘% /v Contains , |
\ll N\kw V. *\rm %\ w*\)\ﬂ VQI%S\ &%Q\ _\_\\RLN \%QM

monoiii mm\@\c Sn , 0is s e rovdh Check
wpect for This l,ﬁ;.*lwmm%\ dis 173 by foon @\V\Nzwg\mo??im,»z\m‘

-

-

2 varx & SUwm N.mx\

od x m~<+ ?%xu /

>

16



17

Expected Value and Variance: Continuous Case

For continuous r.v. X, E(X) and Var(X) are defined similarly to the

discrete case, but require calculus for the actual formula.

Normal r.v., X ~ N(u, o), we have EX = p and Var(X) = o°.

For normal r.v.s, there is an important interpretation of the standard
deviation (see p. 14).
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Rules for Expected Value and Variance of Linear Combinations

Suppose Xi, X», ..., X, are random variables with means p1, p2, - . - , tn,
respectively, and variances o?, 03, ..., 02, respectively. Suppose
a,a,...,a, and c are constants. Then:

Whether or not the X’s are independent,

ElaX,+ - +a X, +¢c)=amEX1)+ - +a.EX,) +c
=aip + -+ anthp +C
=X ailki +c

If the X’s are independent,

Var(aX; + - - - + anX, + ¢) = a;Var(X;) + - - - + a;Var(X,)
HQWQWAT...._'QWQW

R e/ 2.2
= Xii,4;0;
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Question:

Call the true period of a pendulum . Suppose there are two
measurement techniques (two different clocks) for measuring the period.
Call the measurement for clock 1 X;, and the mst. for clock 2 X,.
Suppose that both methods are unbiased. That is, E(X;) = u, E(X2) = p.
However, the SDs are different. SD(X;) = .2 and SD(X;) = .1. Find the
mean and SD of the weighted average, .25X; + .75X5.
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Answer:

E(.25X; + .75X2) = 25u + .75 = p,

by the rule for expected value of a linear combination of r.v.'s
And, assuming the two msts. are made independently of each other,

Var(.25X; +.75X,) = .25%(Var(X1)) + .75*(Var(X>))
= .0625(.04) + .5625(.01) = .008125

So, SD(.25X; + .75X,) = v/.008125 = .09014



