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Random Variables (Continued)

Continuous R. V.

Define Fy(x) = P{X<x}), and fy(x) = %Fx(x;: Probability Density Function.
b

P{a<X<b}) = Fyb)—Fyla) = [fx(x) dx.

Properties of fy(x):

- fy(x)=0

2- [7 fx = 1

Examples of Density Functions '

Uniform Probability Density:

1
—, fora<x<b o]
fx(x)z b-a b

0, otherwise

Exponential Probability Density:

) = ae_at, for0<¢
0, otherwise
Normal Probability Density Function:

fx(x) _ 1 —x/2

—¢€
Jam
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Rayleigh Probability Density:
r /2 for0<r
ITOERES ’ =

0, otherwise

Cauchy Probability Density:

1
fl@ = g—,where a>0.
T 2 2
a +z
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Ex. of Exponential Density. Photocathode:

Observe photocathode starting at time t=0. Define 7(s) = ¢ = time of emission of first electron. From certain
considerations we get

fr(t) = ae ™, >0
0, t<0

a is related to light intensity.

t
1 -t 0 Ar,a) ¥ 1
Fro) = [ frlode = { 1=¢ 7 1> o
. 0, t<0

Flt,z)

AMSEPPY

12}
Fori,>t,, P({1,<T<t,}) = _[fT(t)dz = Fpt)—Ft) = e

41

ot -0,
—-e .

Let A = event of no emission in (0,t4) which is equivalent to event of first emission in {t;<T<e}.

Then P(A) = ¢ .
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Ex. of Normal Density Function. Noise:

Experiment: Measure noise voltage atr = 0. S = {s} . R.V. V(s) = v = measured voltage.

pdf _(v_vo)b

Fy) = 1 26 20

210
V)

Py, <V<v,} = [ fL0dv

Vi

Cumulative Distribution Function,

Fy0) = PVsvy = [ fy0av

#x]

flem)-z

Py

1

Since tabulated, or computed integrals in standard form: ®(x) = = [ ¢ 5724¢ , then for

) -
Fy(v) = j[ L, ]dy , use substitution & =

Mixed Random Variables:

275_oc
V=",
y-v d T
—Vo 'y
,then a¢ = £ and F () = f —
c N2T

V—VO

)

e = a




EAS 305 Lec 7 Viewgraph 5 of 5

Ex. Binary Communication Channel:

Signal Source Transmitter Noisy Channel Receiver

i i

Y {
(1 0

Let T,
R

event of transmitting 1, 7, = event of transmitting O
event of receiving 1, R, = event of receiving 0

1

Let the noisy channel effect be modelled by

1 —(v-1)°r2 1 —(v+1)/2

w|T,) = —e Ww|T,) = —e
fV | 1 m fV | 0 m
Receiver Design: R, ={V>0}, Ry, ={V<0}, FindP(RO|TO), P(R1|TO), P(R1|T1), P(RO|T1)

0 0 ,
1 —(wv+1)7/2

PR,|T,) = PQV<O0}HT, = | fvO|Ty)dv = | —e dv

O|0 o f v ITo J.«/EE et = v+ 1, then

—oo —oo

2
P(Ry|T) = 208 = o) = 0.8413. P(R,|Ty) = 1 - P(Ry|T() = 0.1587

1
| 7

Similarly P(R,|T,) = 0.8431, P(R,|T) = 0.1587.
1171 0" 1




