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Learning Objectives

1. Calculate expected value of functions of RVs

2. Calculate variance of RVs
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Expected value of a function of a continuous RV gx) s sometn of x

How do we calculate the expected value of How do we calculate the expected value of a function
a function of a discrete RV or joint RVs? of a continuous RV or joint RVs?
For discrete RVs: For continuous RVs:
ElgX)]= Y, gpx(x). E(9(E)= [~ g(x) f() dn
{all x} % g X %
— 00

{all x} {all y}

FlgX. V)= ) D, gtypxyxy). E (o(J(X/Y)) :foo 3(')(,%)16.2/\((&%}%
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Expected value from a joint pdf E (%) =f_: X Fx (%) dx ] W prev
1Y) = =K
E(X417)> 9(X.¥) *9% (X.Y) = ~

Let fx v(x,y) = 2e~*Y) for

0 < x <y.Find E[X].
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Remark on expected value of one RV from joint pdf

If you are given fx y(X, y) and want to calculate E[X], you have two options:

1. Find fx(x) and use it to calculate E[ X].
2. Or, calculate E[ X ] using the joint density:

E[X] = / / xfx y(X, y)dydx.

Chapter 29 Slides



Important properties of expected values of functions of continuous RVs

Expected value of multiplication of function of
independent RVs

Function of RV with two constants

E[aX + b] = aE[X] + b

Function of two RVs added

E[X + Y1 = E[X] + E[Y] JJ 9 (x4, x{’) E[lg(X)h(Y)] = E[g(X)]E[h(Y)]

If X;,X5, ... X, arecontinuousRVsanday,a,, ...

are constants, then

E [ > alx] Z a; E[Xi]

i=1
=

dn
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If X and Y are independent continuous RVs, and g

and h are functions, then

Expected value of multiplication of independent RVs

If X and Y are independent continuous RVs, then

E[XY] = E[X]E[Y]
/ =————

(’ ELX; %X, ]
./j”c" # E(0) E(%DE(X)




Variance of continuous RVs

How do we calculate the variance of a How do we calculate the variance of a
discrete RV? continuous RV?
For discrete RVs: For continuous RVs:
[ 2
Var(X) = E[(X - px)’] 7 Var (X)= B | (¥- myg) ]
. = E[(X - E[X])*] . - .
. = E[X?] - (E[X])? - T B (X - E(X )> ]

= ) (x— m)’px(x) j
{all x}

= (x5 - [e@)

- j (%—sz\’pzj(?Qd?C

-



Variance of an Uniform distribution

Let fx(X) = ﬁ,for

a < x < b.Find Var[X].
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Variance of exponential distribution

Let fx(x) = he ™, forx > 0
and A > 0. Find V ar[X].
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Important properties of variances of continuous RVs

function of RV with two constants

Var[aX + b] = a*Var[X]

Variance of sum of independent RVs pt 1

If X;,Xs, ... X, areindependent continuous RVs and
ai,ap,...a, are constants, then

Var< ) = Zn@ar(xi)

i=1

Variance of sum of independent RVs pt 2

If Xi,Xs, ... X, areindependent continuous RVs,
then

Var( i Xl> = i Var(X;)
i=1 i=1

/;
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3 ?
Find the mean and sd from word problem [HX )) > &% )i’;@\
Model cost of |0 cubes Xik X 2"
Let C" cost of [0 cwbes T AT
= cost of Lth cube for i=1,..,10
/ehym cube sides for cobe 4

X

A machine manufactures cubes
with a side length that varies
uniformly from 1 to 2 inches.
Assume the sides of the base C _ % C .
)

3
and height are equal. The cost 5 T IO (X > X i U[] 2.]
to make a cubeis 10 ¢ per gﬁ/

cubicinch,and5¢¢¢r‘1‘!'!§.vf0rthe E—(C)“ E[ Z(5+]O(X> >_J

general cost per cube. Find the

|\><l 1:*'

\

L“fetiliﬂ‘iffiffiiv'iﬂé’i " “ZE[S+lOX3] Z (5+ OE(X?D
ECXi o fe g o A2 EOOED
>fﬁ*a-\> of .- 2 10(5))- > far
(159

= —l - lS/ =375 ~ [O' TAS = LfQW*’ﬂ‘?‘}Q— =3.37¢

——— ?“
12



SD(c) = | Var(c) > Var (Y +L) = Var(Y)

] . ] = 3 Var(s+0x?)
Var (€) = Var [Z(SHOZ,-)] = £ x—,\/\/' °
= - A C. E(X+Y)=E(x)+
reders 1 Var (£) = 2 VAV [ N &(Y)
" ;L X . : X5 wifi
-l_cbbfl::‘;;Sid‘{{ i?‘:) JB Cl,':;tL'C\l 6’00'/\“'313‘?0((3 Vor{ X+Y ;!var()()+
e — o J not (nol o0 w
= ZVW(WX;) = 210" Var(x?) = loo S Ver(X?)
1= =1 17
N > R .
Vav (o X) = a*Var (x) = 100°)0 Var (X,*)
= 1000 Voar(X?) X;""UDfZ]
_ ) identically
var (X ) = E(®*) - (erx37)
)T B (E[X?3])

/ IS'/._1
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€f§€] - f 2_Cb7cz (%) obx

tfl.;z xéii'fl"d%:fledm

[

_ BX =0
- o /x:( = S -’
= _\_%i - __\_- - Bl
7 7
¢ 3 2
£, -(E[X7])
= i —(’7 - Y 0803

Var ( C) = 1000 Vm/(X,B) = 1000-%.08073
=4 080.351
SD(C> - \) \/aV(C> = \FfOXO.Bﬁ = ¢3 877¢. ..

SD(c)= 6% ¢




