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Boltzmann Law  

{ }{ }

{ }
{ }

)()(exp/)(exp)()(

/exp   )ln(But 

201010101 ⎬
⎫

⎨
⎧ −−−

=
−

=
−

=

=⇒=

RRRR ESESkESEgP

kSgSgk

εεεεε
{ }

)()()()()(But

exp
/)(exp)()(

 

120

20201

−−=−−
∂

−=−

⎭
⎬

⎩
⎨−−

R

RR

ESOESESES

kkESEgP

εεεε

εεε

:enough isorder -1 and small, are esderiviativ  thebig, isreservoir   theIf

...)(    ...)()()(But 

st

011010 −−=−−
∂

−=−
R

RRR T
ESO

E
ESES εεε

⎫⎧P )(
⎭
⎬
⎫

⎩
⎨
⎧ −

=
kTP

P 12

2

1 exp
)(
)( εε

ε
ε

not  arestatesbecausediffer These    Energy.of ondistributi
y probabilit not the state, particulara  in  being )1( freedom of

degree 1  withsystem-suba  of probabilty  theis   this:Important
=g

energy. in ddistributeuniformly 
gy



ECE594I notes, M. Rodwell, copyrighted 

Partition Function
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Background: Harmonic Oscillator

ff atoscillatorharmonicfrequencyatmodeainPhotons → ff at oscillatorharmonicfrequency at  modea  in Photons →
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Energy of Photons in Some Mode
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Energy of Photons in Some Mode
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Energy of Photons in Some Mode

⎞⎛ { }( )/exp1exp)( ωω
h

h
−−⋅⎟

⎠
⎞

⎜
⎝
⎛−= kT

kT
ssP

1
: of  valueExpected

∞

s

1exp

1steps) skip()(][
0 ωh −⎟

⎠
⎞

⎜
⎝
⎛

==⋅= ∑
=

kT

sPssE
s

[ ] for2/1

so ),2/1(But  

ωωωω

ω

h
hh

h

h

<<→+=+=

+=
⎠⎝

kTkTsE

sE

[ ]

ftdthiThi

for 
1exp2

2/1 ω
ω

ω

h

h
h

h <<→
−⎟

⎠
⎞

⎜
⎝
⎛

+=+= kTkT

kT

sE

 
.frequency at energy mode averge  theis This ωh



ECE594I notes, M. Rodwell, copyrighted 

Nyquist's Noise Derivation (from Van der Ziel)

T .eTemperatur  resistors.matched withline-onTransmissi

VV nn  .)(left -right and )(right left-flow    to wave
a voltagecausesThis voltage.noisea thermal hasresistor  Each

21>

fPRjfSjfSf

Pav

/4)(~)(~hiFi l

frequency  inresistor  each from availablepower    Define

ΔΔ

=

fPRjfSjfSf avVVVV nnnn

liP

./4)()(this,     From. interval
2211

Δ⋅==Δ

vlPP avLine /2
line onPower 
⋅⋅=



ECE594I notes, M. Rodwell, copyrighted 

Nyquist's Noise Derivation (from Van der Ziel)
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Nyquist's Noise Derivation ( from Van der Ziel )
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Nyquist's Noise Derivation ( from Van der Ziel )
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Comment about Noise Derivation
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Available Thermal Noise Power
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Thermal Noise
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Noise from any impedance under thermal equilibrium
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Noise from any impedance: Example
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Noise from any impedance: Example
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Noise from an Antenna
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Noise on a capacitor
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