
 

Functions of Random Variables
Given a set of riv 41,42 43 14n 2 their joint
prob distr density of some ru s

U Y 142 I Yn

For finding prob distr of a

method at distr fur
method of transformations
one f severed ve

method of momentgeneratingfines

Method of Distribution Functions
Method of obtaining prob density of a fun of
Cortinas v.v s consists of

Finding its distribution function
Its prob density by differentiations

If 41,42 Yn are antinous rus with a giver joint
Pdf prob density of U Y 142 4n is obtained

by first determining an expression for
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then by differentiating
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Prob density of 4 43
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Ex If joint pdf of x x2 is
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Find pdf at Y X x2
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Ex If pdf of x is
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Find pdf of Y x2
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EI If Joint density of X Y is
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EI if X has an exponential distr with parameterB
use distribution function technique to find Pdf or r V
Y F
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If 4 1 1 show that
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elsewhere

where fix is value of prob density of X of x 2

g ly is value of prob density of Y at y
Use this result to find probdensity of 4 1 1 when
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For y o we have
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By differentiation
g ly fly tf t y

since lx cannot be negative gly o for yea

gly fly fly for y o
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If X has a standart normal distr 4 1 1 it fallows
that
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Method of Transformations One Variable
U Yi 42 Yn

We show how prob distribution density is obtained
without getting its distr fund
1 Discrete case

In discreate case no real prob as long as relationship
bw values of X Y x is one to ere

EI
if u is number of heads obtained in four tosses of

a coin find prob distr of x y

Using formula for binomial distribution n 4 p 112

prob distr of 4 is given by
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fly 116 4116 by 41
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make substitution directy into binomial distribution
with n 4 8 p 112

y I I is substituted into
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In this example probabilities remain unchanged only
difference is that in the result they are associated with
various values of x instead of corresponding values of Y

Transformation ler chargeof variable technique in discrete case
is done if r s is one to one

If relationship is not one to one

If 4 is of heads obtained in four tosses of a

coin find prob distr of 2 which is C 277 2

calculating probs of h 2 associated with various

values of z we get
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EI If 4 has hypergeometric distr with N G in 2 r 3

Find prob distr of X of successes minus of failure
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E For previous example find prob distr at 2 4 1
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Ey If X has a binomial distr with n 3 p 113
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Continous case
In order to perform transformation in continous

case assume that
i func given by y ul x is differentiable
ii either increasing or decreasing for all values within rage
of X for which fix to

Thus inverse function givenby x wig exist far all
correspondingvalues if y is differentiable
except where a x o

to avoid points where U x might be Zero
We dont include endpoints at internal for which

prob densities are nor zoe

Let f x be value of prob density of Cortinas r v X

at x If fund given by g ul x is differentiable either
increasing or decreasing for all values within range of
X for which f x to then for these values of x

y ul x can be uniquely solved for x to fi ite x wig
8 for corresponding values of y prob density of 4 46

is given by g y f Why I w ly I provided U'la
f 14 o elsewhere



Proof
get y u x is increasing
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x must take an a value wide
web when Y takes values a b

hence

Wla web
X P at 4lb PL u la C X cw b

f x dx S f CWLy J W y dy
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Integral gives prob density of y it W ly exists we

can write
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If why wily dy

by change of variable as before

gly f w ly w ly since

W ly g g
is positive when y ulx7 is increasing

W ly is negative when you x is decreasing
we can combine two cases
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EI If X has an exponential distr given by
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Find pdf of Y F
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where k is an appropriate constant find pdf of
c V 4

1,21 2 calculate k
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É I x has a st normal distr find prob density
of z XZ

Fund Z X is decreasing for negative values of x

increasing for positive values of Xt



transformation from X to Z can be found in two
steps
1 Find prob density of 4 1 1

2 Find prob density of 2 97
2

for y a
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by differentiation g ly fly fl y
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For 2nd step
Fund given by xyz is increasing for y so that is

for all values of y fo which gly to 8 4 F
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Method of Moment Generating Funes
If Yi 1421 Un are independent rv s 0 41 42 t then
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where My E is valueomgf of
Yi at t



EI Let 41 42,43 be independent t identicallydistributed
rvs having prob distr fund
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Find distr of U Y T 42 43
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It is moment generating function of a poisson r v with

mean 32 U Y 42 43 N Poisson 3D

Ex If x 1 2 xn are independent rus having expended
distr With same parameter p
Find prob density of riv Y X that xp
Mgf of exp distr Mx t Cl Pt 1
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method of mgfs can be used to establish useful
results for normally distributed rus

Let 4 142 4n be independent normally distributed
rvs with E Yi Ui Kyi G i 1,2 n

Let a 92 an be constants

If U at Yi a Y 9242 t tant n

U is normally distr ru with E u Qi Mi a Mitazuz

and
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Let Yi Yi Yn be independent normally distr rus

with Elyi Mi J V Ui Gi i 1,2 in

Zi Yi Mi
Gi

E Z iz n Xp
Chi square distr with n degrees of freedom

If n indep sit normal rrs are squared 8added

resulting sum has a X2 distr with n d f


