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Merostate : Distribution of
electrons in the

resistor

Smplespace : Set of all
microstates (r)

Random variable
一

A function that assigne
a real number

_

to each microstate
.

X : 1-> M

Loosely speakingIt EIR is called
the RV



Cumulative Distribution Function (CDF).
_

Fx(x) EIP(X is
less than se

Say v = 0 .
1 - Do a large number of

experiments a see
what is

FxCr)
the prob . that

X < x .

^

±…

_
x

ProbabilityDensity Function
(PDF)

afx (a)

f ャ(n ) =d싫u

IP(a< u<b) =bSfx(n)di
How concentrated is theProbability in

the ubd ofx.



andomProcedeation of RVs indexedby time.

숯
*

infemmte
^

Here

:

ensemble intrmntemts
ㅜ

time

Sliticsof Random Variables

IE[X] =Ynfx (n) dx - weightedaverage.

E(g(X)]g(x) fy(n)da

Linearity : IE(aX+ by] = alE[X]
+ blE[Y]



Moments
_
ー

mmean : Mx =
1E(X] =Yuf, (x)dr

Vriance :Tx
"

= lE[(X-Mx)3]
^

A
, =-Mx)+y()dx

= lE[X *] -Mx2
Central

Momentof IE[(X-Mx)"]
order n

3-skew

4-> > Kurtosis

Coraviance : Cov (X,Y) = lE[(X-Mx)(X
-My])

=E[X]-MxMy .

"How well do X, Y track each other".



Cov(X, Y) = 0 => X, Y are uncorrelated.

Cou(X,X) =5x

Correlation
wefficientfry=Ty

PxyE (- 1
, 1]

Central Limit Theorem
_

Given n independant
distributions

Xi
,
X2, . .

.

.,Xn ;
their sum Xm

m =)

Converges to a Gaussian
distribution

asn- p.

= Thermal noise is Gaussian in distribution
ㅗ

fy( x =*xeapx2 ) -WEux,;



i Closed under linearity a linear

systems.

ーLTI

Gaussian Gaussiom

D Uncorrelated Independant
Rxy = 0 fxy (x , y) = fy (x)fy(u)

y

X

a Typically Mx=o for noise .

i Fully determined by
means , variance

& time
statistics or freg.

Statistics.



Sulisticsof
Random Processes

Auto-correlation

t)= 1 E[×Ct) × Ct]

"How similar is X to itself
at t to

(Wide-sense)Stationary
↳ Statistical properties do not change
with time.

↑ My(t) = Mx
D Rxx (x) = (E[X

(t) XIt+e)]

:SoSense Excess to be duen de

D Ryx ( o) = 1E [ X 2] = 班



p((xy([))(Rxy(0))
a V(t) nRxx (δ)

ㆂ
sugg εt

Ergodicity Time average =
Ensemble
average.

Ux=lim x(t) dt

딜
글

π를.뉴솥 xitsdt

RXx (8) = 文館uit> ulttt)at



vCt)- instantaneous Voltage (rms).

p (t) =嘴 -> instantaneous power

Pavlt )= 。香響dt

= 2
R

=
uit

time average.

R

Power = 1E((X+y = lE[X*+ IECy2]
+2Ey] o

= IE2 [yy ifrary

If correlated => IE [ (2x)]
= 4 IE ( X

2]
PXy = 1 ⇒ 4x

¢xy = - 1 => 0



DensityPowerSpectral (PSD)

How much power
is in a 1Hz

Syy (f) :
bandwidth Centered at

F.

nSxx (f)

~
Sxx (f) =limf-

.P×

WienerKhinchin thm

For a WSS process,
the autocorrelation

and the
PSD form a FT pair.

Sxx (f)= !RxxCoy
ejItftdo

Ryx (ε)= Sxx (f) e
な2tftdf



Sxx( f)df = Rxx (o) = 1ECX
]=σ㎡

WhiteNoise:Sxx(F= N(15)
Eloisein Linear Systems

Syy (f) = 1 H (f ) P Sxx (f )

y
IE(yz]=9 Syy (e) dE

팀 (H (f)'S×* (f)af

If input noise is white Sxx(7)
=No



⇒ [[y] = No IHCf) Rdf
= No 4 ( f),PB신
^ Equivalent

Noise

(f) Bandwidth…………

**〜sm「薮ー ” (f)

f

BN = ‰ 1は
x)に

BN#fsdis for a single pole
LPF.



ThermalNoise (Nyquist)
7

λ
θ

R
Zo=R 숱

~ Su(f)
Sulf) _

=

^
-Power delivered to the Transmission

냠
line from eachsource is

R

↳Total energy in
the T-line is

2 . ℃ .
4 R

dE = 2℃ dP =2 ℃ = Su(f)dy

= 7dh = Sr (t) df -①



↑ Mode spacing is ..

^

littt
.

돎
= No . of modes in df =

25d7

↳ Equipartition Thm :

ー

Each mode Carries an energy of

쁘 h7< k5 KT.

오고
efCl0THz

dE = 2tdf)( ( K+) -②

2tdf //KT =Sulf)d



Su (f) = 4 KTR

Su [f ) =4K +R( )=装
Noise power

delivered toa matched

load

Pde 1 = 飛 :

GK酱 = K+B

Paer = KTB


