4.5 Families of Continuous Random Variables
Uniform Distribution

X is a uniform (a,b) random variable if the PDF of X is X ~ Uniform(a,b)

1
Tr) =
fX() {O r<aorx>>b

A Fx (x)
0 forx < a 1
Fx(x) = — fora<x<b P
1 forx > 0b
a-+b
EX]=—/—,
2 T
a b

Var(X) = E[X?] — (E[X])?

B (b — a)?

12




4.5 Families of Continuous Random Variables
Example 4.5.1

The phase angle, ©, of the signal at the input to a modem is uniformly
distributed between 0 and 27 radians. What are the PDF, CDF, expected
value, and variance of @7

a=0 and b =27

foy < [1/@ o<e <o 0 90,
e Yo otherwise, Fo(8) =<60/(2r) 0 <z <2m,
1 T > 2.

E[®] = b/2 = 7 radians

Var[®] = (21)2/12 = 72/3 rad?



4.5 Families of Continuous Random Variables
Exponential Random Variable

X ~ Exponential(\)

Ae M >0, A>0
xr) = —
Ix(x) { 0 else Jx(@) g

= e M u(x)

Where u(x) denote the unit step function.

u(:c):{l x >0

0 otherwise




4.5 Families of Continuous Random Variables
Exponential Random Variable

We find the CDF using the equation
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Fx(x) = /: fx (t)dt = /0 Ae Mdt =1 — e,

So

Fx(z) = (1 — e_)“”)u(:p).




4.5 Families of Continuous Random Variables
Exponential Random Variable

Expected value
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4.5 Families of Continuous Random Variables
Exponential Random Variable

Variance

oo

2
E[X?] = / r? e Mdr = —.
0 A

Thus, we obtain

Var(X) = E[X?] — (E[X])? = — — — = —.




4.5 Families of Continuous Random Variables
Erlang Random Variable

X is an Erlang (n,\) random variable if the PDF of X is

'Anmn—le—hm
r > 0.
fx(x)y=3 (n-1) =

0 otherwise,

%,

where the parameter A > 0, and the parameter n > 1 is an integer.

If X is an Erlang (n,A) random variable, then

(a) E[X] = ; (b) Var[X] = —.
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4.5 Families of Continuous Random Variables
Example 4.5.2

Continuous random variable X has E[X] = 3 and Var[X] = 9. Find the
PDF, fx(z), if

(a) X is an exponential random variable,

E[X] = 1/)
Var[X] = 1/)\?

A=1/3

(1/3)e*/3 x>0,
0 otherwise.

fx(@) = {



4.5 Families of Continuous Random Variables
Example 4.5.2

(b) X is a continuous uniform random variable.

E[X]:aT—H}:S

N2
Var[X]—( 1;) = 9.
a4 b=86, b—a=+6V3.

The only valid solution with a < b is
a=3_— 33, b= 34+ 3V3.

1/(6vV3) 3-3V3<zx<343V3,

0 otherwise.

fx(x) Z{



4.5 Families of Continuous Random Variables
Example 4.5.2

(c) X is an Erlang random variable.

A:rl._.rn 1e Az

0 otherwise.

(1/3)e=/3 x>0,
0 otherwise.

fx(x) = {

n = 3\ = 9\

A=1/3and n=1




