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WHAT IS THE SIZE OF THE FLUCTUATIONS
DIATION FIELD?

IN THE

RA

BOSE-EINSTEIN STATISTICS

Particles are distributed in

h® momentum space boxes

there are Z o< 4mp?dp boxes
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N, PARTICLES, Z, B

RGY B

IN I THERE ARE

OXES = Z,+1 BOUNDARIES

OF WHICH Z,-1 ARE ‘“MOVABLE”

1)

THIS IS ALSO IN CHAPTER 6.2 OF LENA
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REMEMBER TAYLO
dW (x)

W(x+ Azx) = W (x) -

Ax -

R EXPANSION:
1 d°W(z)

Ax?

dx 2

d?x

CF. EQUATION 1.28 & 1.37 LECTURE NOTES

RIVATION OF EQ.

1.41 ON E

LACK B




DEFINITIONS

N; NUMBER OF PHOTONS
WITH ENERGY 1

nyk OCCUPATION FRACTION

N(v) VOLUME PHOTON

DENSITY (PHOTONS PE
SECOND PER HERTZ
PER UNIT VOLUME)

n(V) sPECIFIC PHOTON FLUX
(PHOTONS PER SECOND
PER HERTZ)

P(v) RADIATION POWER P(v) = hvn(v)
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DEFINITIONS

N; NUMBER OF PHOTONS
WITH ENERGY 1

ﬁ.
Ny, OCCUPATION FRACTION -
(

N(V) VOLUME PHOTON N(v)dv = g,n,, dv
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DEFINITIONS

;, NUMBER OF PHOTONS
WITH ENERGY ?

ﬁ.
Ny, OCCUPATION FRACTION 77’
1

N(v) VOLUME PHOTON N(v)dv = g,ny, dv
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PLANCK DISTRIBUTION FOR PHOTONS ¢€; = hv

FLUCTUATIONS IN THE NUMBER OF PHOTONS PER S PER HZ

An?(v) = n, (14 : )

ezp(z;) 1

PoweR: P(v) = hv n(v)

TWO LIMITS:
hv >> kT QUANTUM LIMIT

1

>0 fore >>1 An?(v) = n(v)

THERMAL LIMIT AP2(v) = P?(v)
» € fore << 1 P(v) = kT




RENCE BETWEEN THERMAL AND QUANTUM
LIMIT EXPLAINS THE DIFFERENC]
ETWEEN THE PRINCIPLES BEHIND/LIMITATIONS
OF RADIO AND OPTICAL/X-RAY OBSERVATIONS
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RADIATION IN

STOCHASTIC DESCRIPTION OF

THE THERMAL LIMIT

QUASI-MONOCHROMATIC RADIATION
FROM A THERMAL SOURCE

| |
GAUSSIAN LIGHT

Amplitude

~

\
DESCRIBE ELECTRIC FIELD BY EZ ) — Eo(?f) plmvt

WHERE FEy(t) IS THE PHASOR

THE PHASOR IS DESCRIBED BY AMPLITUDE |Fy(?)]
AND PHASE ¢(t)
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RANDOM VARIATIONS ON TIME
SCALES >> THE COHERENCE
TIME ASSOCIATED WITH
(ATOMIC) TRANSITIONS

P(|Eo|(t), ¢(t))d|Eo|dp = Sy
PROBABILITY DENSITY FOR:

-

PEBl P(6(0))

o

~

PL,

AGAIN ONE FINDS THAT
THE FLUCTUATIONS IN
THE POWER FLUX
DENSITY ARE:

AI2 = J?
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ALTERNATIVE, THERMODYNAMIC VIEW

CONNECTION VIA S = kIn(W)
—> DEFINE: a(t) = (egcA?)V/2E(t)

P

(
R(7) = 1/ a(t)a™(t + 7)dT |[power|= Watts|
(

) = R(7 )>< tzme Joule = Watts Hz "]
hv

KT

1]~?

V) = % (_ )—Wc— hvlexp
ex

B 3
where u(v) = SWhV (hy) —1]7! =ENERGY DENSITY
kT PHOTON FIELD

= THERMODYNAMICS (W HERE MEAN ENERGY):
d(W)

dl’

o2\ , d{P(v)) - hv —1
(AP(v)*)y = kT = P(v)hv{l + [e:z:p(kT) 17}

TWO LIMITS AGAIN: QUANTUM NOISE & THERMAL NOISE

(AW?) = kT*?




QUANTUM NOISE LIMIT
hv >> kT — ([AP(V)]?) = P(v)hv

THERMAL NOISE LIMIT
hv

h << kT — ([AP(V)]*) = P(u)hu[ea:'p(k—T) — 1]

~ (kT)* since e —1=14¢—1
and P(v) ~ kT

~N

(v) W Hz™!

Ppps |f

FILTERING ASSOCIATED WITH A LOW-PASS|DETECTOR

DECREASES TO ZERO IN
ABSENCE OF QUANTUM NOISE




THREE DIFFERENT WAYS TO D]

OF TH]

= FLUCTUATION IN TH

= TH

B BOSE-EINSTEIN

Bl STOCHASTIC DESCRIPTION E-M WAV
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SOME (COMPUTATIONAL) MATH

STIRLING’S APPROXIMATION

nz!l =aolhax —x

IN CODE USE GAMMA FUNCTION

[(z+1) = 2!

['(z4+1) = 2['(2)

['(2) / t*~tetdt
0

GAMMA FUNCTION HAS A COMPUTATIONALLY
SIMPLE ACCURATE APPROXIMATION

NUMERICAL RECIPES CHAP 6.1-6.2




CHAPT 5.1 & NUMERICAL RECIPES CHAP 6.1-6.2

INCOMPLETE GAMMA FUNCTIONS:

P(a,z) = (@, z) = F(la) /Oaj t*tetdt

Qla,z) =1— Pla,x) = (@, 2) = ! /OO t*tetdt

[(a)  [(a)

ERROR FUNCTIONS:

ert(@ f/ o

erfc(x / _t dt
\/_




CUMULATIVE DISTRIBUTION F(g)
FUNCTION

PROBABILITY DENSITY FUNCTION

2
—— GAuUss, POISSON, X

GAUSSIAN OR NORMAL DISTRIBUTION AND
PROBABILITY DENSITY FUNCTION

F(x,n,o) 20.5—|—6fo_

flx) =

0\/27T epl




POISSON CUMULATIVE DISTRIBUTION AND
PROBABILITY DENSITY FUNCTION

1 o0

1—P = —tga=1 gy

@.7)= 5 [ @
k >k

% — (discrete) e Z E&(x — k)

k=0

a
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POISSON CUMULATIVE DISTRIBUTION AND
PROBABILITY DENSITY FUNCTION

F(x)=1- P(a,x) = F(la) /OO o—tra—1 1,

oo
ak k

f(x) = k—!e_ — (discrete) e Z %5(:17 — k)

k=0
INCOMPLETE GAMMA FUNCTION

PROBABILITY DENSITY CUMULATIVE DISTRIBUTION
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IN COMPUT!

AND GAUSSIAN DISTRIBUTIONS INCOMPLETE
GAMMA FUNCTIONS ARE USED

=R COD

=S DI

EALING WITH POISSON




ERROR PROPAGATION race 99 oar-2

BESIDES NOISE INTRINSIC TO THE S.P.
NOISE IS ADDED DUE TO THE DETECTOR,
BACKGROUND ETC.

- HOW TO DETERMINE THE RESULTANT VARIANCE

MAIN ASSUMPTION IS THAT THE AVERAGE
OF THE FUNCTION F IS WELL
REPRESENTED BY THE VALUE FOR F AT
THE AVERAGES FOR THE VARIABLES

f = f(u,nv,..

TAYLOR EXPANSION TO FIRST ORDER AROUND THE
AVERAGE FOR EACH VARIABLE




REMEMBER THAT THE VARIANCE
N

1 2
N_lz(fi—f)

]

FILL-IN THE TAYLOR EXPANSION HER

ASSUME THAT THE VARIABLES ARE INDEPENDENT
SUCH THAT THEIR CROSS PRODUCT CANCEL

of
Ov

)2+ o2 (=) + ..







