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A physical possibility of exploiting the relation between the

mean value of an arbitrary macroscopic quantity and its

variance as a source of a certain physical information about the

macroparameters of a stochastic system is established. We consider

the basic feasibility for the remote identification of the parameters

of small-size thermal radiators which constitute a part of the

nebulous stochastic totality (�cloud�) of particles noninteracting

with one another. The density of thermal radiation energy within

the radiator cavity, the total number of radiators in the cloud,

anf the size of radiators are fluctuating. Herein, the optical images

of individual particles are unavailable. Within the black-body

model, it is shown that there is a basic possibility to calculate the

averages of the number of radiators in a cloud, temperature, and

their size in the certain approximations based on the data on the

mean power and the fluctuation power variance for two different

wavelengths in an idealized situation.

1. Introduction

As is well known, thermovision and its practical branch,

thermography, are successfuly applied in medicine,

ecology, space technology, etc. However, the general

problems of the physics of thermal radiation (TR)

which have been already solved by now do not cover

a number of specific problems related to the growing

practical interest in such areas as, for example, the

remote identification of small-size radiators and the

control over the temperature of elements of VLSIs or

small biological objects. In the present work, the main

attention is given to the detection of TR under ideal

conditions (without reactive losses on a route), but with

the application of the laws of physical statistics to the

TR of small physical objects [1, 2]. We consider the

problem of remote identification of a stochastic totality

(�cloud�) of small-size radiators (SRs) of TR in the case

where an observer registers the TR of a �cloud,� but

the optical image of its components, SRs, is unavailable

by virtue of fundamental optical limitations. In such

a situation, we use the natural fluctuations of TR as

a phenomenon which includes the additional physical

information on the source of TR [3�6]. This additional

information is conditioned by the obvious fact that the

natural fluctuations of TR are formed, in the ideal case,

in the scope of the radiating cavity and, hence, can

include the information on, at least, the cavity size.

Such an aspect of the photodetection of TR was not

considered in the literature. The problem will be solved

here within the model of black body (BB) being most

developed theoretically (see, e.g., [7�10]) and confirmed

in practice.

2. Starting Positions

The physical information contained in TR fluctuations

is derived by means of the application of the well-known

relation between the variance h�F 2
i of a macroscopic

physical quantity F and its mean value hF i. For a

number of topical statistics, the mentioned relation can

be reduced to the following form:

h�F 2
i = qF hF i; (1)

where qF is the fully defined physical quantity which

corresponds quantitatively and by its content to the
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internal microparameters of the stochastic system [6]

and depends on the macroscopic parameter F under

consideration. As usual, one uses the notion of standard

deviation or relative variance, h�F 2
i
1=2
hF i, in which

the direct quantitative connection with the physical

sense of the parameter qF is lost.

On the basis of available data (see, e.g., [7, 8,

10]), the factor qF can be associated, by using the

commonly accepted designations, with the following

physical quantities (this aspect is discussed in work [6]

in more details):

� for the ideal gas in the state of thermodynamic

equilibrium, these are 1 (one particle from their total

number N), kT (the probable thermal energy of a

particle), V=N (the volume per one particle), etc.,

� for electric phenomena, these are e (the electron

charge), iq = e=ti ( the elementary random pulse of the

current of an equilibrium electron for the time interval

between collisions ti), etc.,

� for TR in the cavity of BB, these are the number

of photons (1+hni), the energy of photons (1+hni)h�

corresponding to this number, and its volumetric density

(1+hni)h�=V (where V is the volume of the cavity of

BB). While considering the TR power fluctuations on

the entry of a photodetector (PD), we also use the

relevant formula [6] for the flux power (1+hni)h���q .

Here, hni = (exph�=kT � 1)�1 is the Planck function,

and the frequency band ��q or the time factor adequate

to it is defined by the cavity parameters, in particular

by its volume. We note that the definition of the band

��q was not given in [6]. In order to derive the explicit

expression for ��q , it is sufficent to write the power of

TR = PA
 ( which is emitted by plane A normally to its

surface in the scope of a small solid angle 
) in terms of

the total energy of TR in a cavity of BB, E(�) = V "(�),

rather than in terms of the energy density of TR in

the cavity, "(�), as was made in [11�13]. That is, one

should perform the identity transformation of the known

formula [11�13], namely,

PA
 =
V

V
" (�) �

1

2
CA
 =

=
1

2

�
hC

�
hni

C

R

��
V
8�

�3
��

�

��
A

R2



�
�

�
1

2
[ one-mode power][ number of modes in a cavity]�

�[ aperture factor]: (2)

Fig. 1. Optical scheme corresponding to the accepted

approximation

It is clear that this simple trick allows us to

separate the band ��q = C/R as a phenomenologically

understandable time factor which define the one-mode

power.

In [14], we have considered the basic possibility to

identify a single SR by its TR under the absence of an

optical image.

3. Specification of an Optical Model

Let the above-mentioned �cloud� be observed. In this

case, we assume that

1) all three parameters under consideration are

fluctuating in the scope of that part of the �cloud� which

is observed in the given aperture Sobs, namely the TR

energy density (or the temperature) of a SR "(�), the

linear size of a SR Ri, and the number of SRs N in

the scope of Sobs; 2) the optical image of an individual

SR in the �cloud� is absent; 3) the thermal background

is created by the �cloud� itself; there is no extraneous

background; 4) the optical scheme corresponding to the

accepted (see below) approximation is borrowed from

[11] and is presented in Fig. 1. The adequate optical

relations [15] look as

F
SradAls

L2
= F

SDAls

f2
: (3)

Here, F is the flux of photons per unit area of the

emitting surface in a unit solid angle, Srad = NSi is

the emitting area, and L is the distance from a radiator

to the input lens, Als is the area of PD, SD is the area

of the photosensitive layer of PD, f is the focal distance

of the input lens; and 
ls =
Als

L2 is the solid angle. The

flux F is fully focused on SD.
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4. Input Equations and Approximation

By using the known formula [7,8,10�13] for the

equilibrium TR density of a SR in the cavity with regard

for the size factor [1, 2] (given below in the square

brackets)

"i (�) =
hC

�

8�

�3

�
��

�

�
hni

�
1�

�2

4R2
i

�
; (4)

we can write the total (from all SRs) TR power, emitted

normally to the emitting surface Srad, at the entry of PD

as a product of random quantities "(�); N; Si), and the

constant
�
C
2


ls

2�

�
:

PNph =

(
"(�)

NX
i=1

Si

)�
C

2


ls

2�

�
: (5)

On the basis of the well-known theorems [17, 18],

the variance h�P 2
Nphi corresponding to (5) (below, we

denote VarF � h�F 2
i) is reduced to



�P 2

Nph

�
= Var

(
" (�)

NX
i=1

Si

)�
C

2

D

�2
=

=

(
h�"2iVar

"
NX
i=1

Si

#
+ h"i2Var

"
NX
i=1

Si

#
+

+

*
NX
i=1

Si

+2

h�"2i

)�
C

2


ls

2�

�2
: (6)

As for the sum

�
NP
i=1

Si

�
, we use the Bourges theorem

on variance [19] in the accepted approximation when

the particle size Si h�S
2
i i and the number of particles N

fluctuate with variances h�S2i i and


�N2

�
, respectively,

and the mean values satisfy the relation

�
NP
i=1

Si

�
�=

hNihSii. In this case, we get

Var

"
NX
i=1

Si

#
= hSii

2

�N2

�
+ hNi



�S2i

�
:

The final full formula for the variance PNph reads

h�P 2
Nphi =

(
(h�"2i+ h"i

2
)�

�

�
hSii

2
h�N2

i+ hNih�S2i i
�
+

+

*
NX
i=1

Si

+2

h�"2i

)�
C

2


ls

2�

�2
: (7)

We emphasize that the variance of the TR density in the

cavity (7) can be represented in the form (1) in terms of

the mean value and the relevant quantity q", i.e. as [5,6]D
[�" (�)]

2
E
= q"h" (�)i; (8a)

q" =
hC

�R3
i

(hni+ 1) : (8b)

If the number N obeys the Poisson distribution in

the scope of the observed part of the �cloud� surface, i.e.

h�N2
i = 1�hNi [17, 18], then, after the obvious algebraic

transformations, we get the general formula for the TR

power variance PNph at the entry of PD:



�P 2

Nph

�
=

�
C

2


ls

2�

�(
(q" + h"ii)

�
1 +

h�S2i i

hSii2

�
�

�hSii+ hNihSiiq"

)�
h"ii

C

2
hSiihNi


ls

2�

�
: (9)

It seems reasonable to accept that the ratio

h�S2i ihSii
2
� 1 holds, i.e. the differences in sizes of

SRs are characterized by a quite moderate dispersion.

Since the product of parameters outside the braces in

(9) is the mean TR power at the entry of PD,

hPNphi = h"ii
C

2
hSiihNi


ls

2�
; (10)

we arrive at a working version of the TR power variance

at the entry of PD



�P 2

Nph

�
�

�
C

2
hSii


ls

2�

�
�

�f(q" + h"ii) + hNiq"ghPNphi (11)

which includes three unknown quantities (the

temperature T , the number N , and the area Si � R2
i of

the emitting side of a particle).
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5. Possible calculations

5.1. Currents on the output of PD

We consider that the photocurrent IPD on the output of

an ideal PD is composed from three components:

1) the mean stationary photocurrent Ist; proportional

to the total mean stationary power of TR at the entry

of PD (10),

hIsti =
e�

h�
h"ii

�
C

2
hRii

2
hNi


ls

2�

�
(12)

where � is the quantum efficiency of PD [12] we set to

be equal to 1 in our calculations,

2) the mean square current of the Schottky noise

I2sn
�
on the output of PD proportional to the current

hIsti [19]:

I2sn
�
= 2e�fhIsti (13)

where �f is the frequency band of the electronic circuit

of PD. This noise is conditioned by the stochastic

processes of generation (of generation-recombination in

semiconductors, e.g.) [12, 13],

3) the mean square stochastic component of the

photocurrent which is conditioned by the natural

fluctuations of the TR power on the entry of PD (10);

it is proportional to the variance of this power


�P 2

D

�
[11]:



I2Nph

�
=
� e

h�

�2 

�P 2

Nph

��
2
�f

��

�
: (14)

The factor (2�f��) in (14) appears as a result of the

spectral analysis of the output chaotic current of PD

[11]. From the phenomenological viewpoint, this factor

is that part of input fluctuations of the TR power which

is registered, in fact, in the form of a current chaotic in

time on the output PD in the scope of the band �f .

By using formulas (12)�(14) for the powers of

output noise currents which should be measured, we

get the expression for the coefficient q(�;Ri; N; T )

corresponding to (1). Measured at two different

wavelengths, �1 and �2, the values of hIsti1;2, hI
2
sni1;2

and hI2Nphi1;2 allow us to derive two formulas for specific

values of q1;2. With regard for (4) and (9), these formulas

involve all three required quantities Ri; N , and T :

q1;2 = 2e�f

"
1 +


ls

4�

(
8�

�21;2
hni

 
hRii

2
�

�21;2

4

!
+

+N
�1;2hni exp(hC=(�1;2kT ))

hRii(��=�)

)#
: (15)

Fig. 2. Frequency dependences of the output currents of PD

With the purpose to estimate and to compare

the expected values of the currents which should be

measured for the successive calculations of the required

quantities, we give their spectral distributions in Fig. 2

for the parameters

T = 300 K; Sobs = 104 cm2; 
ls = 10�6 sr;

hRii = 10�m; hSradi = hRii
2
hNi = Sobs cm

2:

In Fig. 2, curve 1 presents the stationary current

�(�) � hIstiABB; curve 2 shows the stochastic

current corresponding to the Schottky noise �(�) �p
hI2sniABB =

p
2e�fhIstiABB; and curve 3 gives

the stochastic current corresponding to the variance

of the TR of the �cloud�, 
(�) �

p
h�I2ABBi =r�

e
h�

�2
h�P 2

ABBi

�
2�f
��

�
. The adequate dependences

are presented also for the emission of the �cloud� of SRs:

curves 1
0, 20, and 3

0 give, respectively, the stationary

current of the TR of the �cloud� Æ(�) � hIstiSR,

formula (12), the stochastic current corresponding to the

Schottky noise "(�) �
p
hI2sniSR, formula (13), and the

stochastic current corresponding to the variance of the

TR of the �cloud� z(�) �
q
hINph2iSR

.

The results presented in Fig. 2 indicate the following:

1. The Schottky noise (curves 2 and 2
0) is lesser by at

least two orders than the natural noise of the TR power

(curves 3 and 3
0); 2. Even at the same temperature

(T = 300 Ê) and emitting areas (hSradi = hRii
2
hNi =

10�6 � 1010 = 104 = Sobs cm
2), the natural noise of the

ISSN 0503-1265. Ukr. J. Phys. 2005. V. 50, N 9 993
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Fig. 3. Spectral distributions hIstiSR (continuous curves) andq
hI2
Nph

iSR (dashed curves) for three sizes of SRs

TR power of the �cloud� of SRs (curve 3
0) exceeds

significantly that of a �solid� radiator, BB. In addition,

Fig. 3 shows the spectral distributions hIstiSR andq
hI2NphiSR for three sizes of SRs.

It is seen from Fig. 3 that the relative power variance

of TR
q
hI2NphiSR=hIstiSR has a tendency to a growth

up to a value greater than 1 (curves 1 and 1
0) with

decrease in the size of SRs. The results of calculations

given in Figs. 2 and 3 indicate that there is no problem of

measurement of the TR power variance hI2NphiSR in the

quantitative aspect in a quite wide range of the physical

parameters of SRs.

5.2. Calculation of the physical parameters of a

�cloud�

After a simple transformation of relation (15), we get

two (for �1 and �2) cubic equations for hRii:

hRii
3
�

��
q1;2

2e�f
� 1

�
2�


ls

1

�hn1;2i
+ 1

�
�

�

�21;2

4
Ri + hNi

�31;2 exp
�

hC
�1;2kT

�
8� (��=�)

= 0: (16)

Since the parameters of the �cloud� remain constant

at two different wavelengths �1 and �2 (in particular, the

quantities hRii , hNi, and T ) and �1;2, ��=�, and 
ls

are set by conditions of the experiment, the solution of

any of Eqs. (16) will give the same value of hRii. On the

other hand, this can be realized only if the coefficients in

the both equations (for �1 or �2) are the same, i.e. we can

equate them. For example, by equating the coefficients

of hRii, we get�
�
ls +

�
q1

2e�f
� 1

��
exp

�
hC

�1kT

�
� 1

��
�21

4�
ls

=

=

�
�
ls +

�
q2

2e ��f
� 1

��
exp

�
hC

�2kT

�
� 1

��
�22

4�
ls

:

(16*)

This equality includes only one unknown, the

temperature T . But we can find it only with regard

for the equality of the free terms of Eq. (16), namely

�31 exp

�
hC

�1kT

�
= �32 exp

�
hC

�2kT

�
: (16**)

Then, by substituting, e.g., exp(hC=(�1kT ) from

(16**) in (16*), we can derive the formula for the

temperature in terms of the measured and known

parameters

T =
1:439

�2

"
ln

�
1�

Q2

�

�
�

�
1�

Q1

�

�
�21
�22

�

� ln

�
Q1

�

�2

�1
�
Q2

�

�#�1
: (17)

Here, we have introduced the designations Q1;2 =�
q1;2
2e�f

� 1
�
2�
�1

ls . In view of the fact that the

temperature (17) is known now and using the mean

values of the stationary photocurrents hIsti1;2 (12)

measured at two wavelengths �1;2, we get an equation

for hRii
2 which can be easily solved. Substituting hRii

2

in any relations (16) allows us to find the mean number

hNi of SRs in the scope of the observed part of the

�cloud� surface.

Thus, we may assert that the use of relation (1), at

least in the ideal case(i.e., the model of BB, the ideal

PD, and the absence of additional fluctuations of the

TR flow on the route �SR � PD�), allows us to solve the

problem of the remote identification of SRs which belong

to the stochastic system, the �cloud�, even if the adequate

optical image of an individual SR is absent. It is natural

that such a result is reached if we can measure the mean

TR power and the variance of natural fluctuations of

this power.

It is seen from the above-presented that there exists

a rather simple way to the solution of the quite complex

problem due to the use of the internal eigenparameter
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of BB, q" (8b), in relation (1) for the TR power

variance. Just this parameter of BB presents the specific

information on the �eigenstate� of TR in the BB cavity

and its size.

It is clear that such a result can be reached in the

cases where the statistical character of the chaos allows

one to endow the quantity qF in relation (1) by the

corresponding statistical properties.

6. Conclusions

1) The use of the notion of �natural microamount of

chaos� [5,6] (in the above-considered case, it is related

to q" =
hC
�R2

i

(hni+ 1), or qp =
hC
�

(hni+ 1) C
Ri
) indicates

the basic possibility to solve the problem of the remote

identification of SRs by the heat emission of their

stochastic totality in the situation where the volumetric

energy density TR " (�), the sizes of SRs Ri, and their

number in the �cloud� N fluctuate, even if the optical

images of individual SRs are absent.

It is clear that a practical realization of the developed

approach requires an adequate statistical treatment of

electrical signals at the output of PD which present the

necessary required information on TR.

2) Besides the given example of the identification

of small radiators of TR, the real usefulness of the

determination of the quantity qF consists also in the

following:

� the comparison of the quantities h�F 2
iexp derived

experimentally by integrating the noise spectrum SF (!)

or by calculating the correlation function KF (0) and

h�F 2
iq constructed according to relation (1) upon a

certain assumption as for qF gives the information on

the adequacy of our ideas of the physical mechanism

of fluctuations in the system under consideration, - if

the information on the stochastic phenomenon is scanty,

the determination of a numerical value of qF on the

basis of the application of relation (1) to the variance

h�F 2
iexp derived from the experimentally measured

quantities SF (!) and KF (0) defines quantitatively the

basic microparameter of the fluctuating system.

This microparameter can be an input element in

the construction of a physical model of the stochastic

phenomenon.
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ÄÈÑÒÀÍÖIÉÍÀ IÄÅÍÒÈÔIÊÀÖÈß ÌÀËÈÕ

ÂÈÏÐÎÌIÍÞÂÀ×IÂ ÇÀ ÒÅÏËÎÂÈÌ

ÂÈÏÐÎÌIÍÞÂÀÍÍßÌ �Õ

ÑÒÎÕÀÑÒÈ×ÍÎ�

ÑÓÊÓÏÍÎÑÒÈ

Å.À. Ñàëüêîâ, Ã.Ñ. Ñâ¹÷íiêîâ, Ã.À. Øåïåëüñüêèé

Ð å ç þ ì å

Îáãðóíòîâàíî ôiçè÷íó ìîæëèâiñòü âèêîðèñòàííÿ ñïiââiäíî-

øåííÿ ìiæ ñåðåäíiì çíà÷åííÿì âèïàäêîâî¨ ìàêðîñêîïi÷íî¨ âå-

ëè÷èíè i ¨¨ äèñïåðñi¹þ ÿê äæåðåëà ïåâíî¨ ôiçè÷íî¨ iíôîðìàöi¨

ïðî ìiêðîïàðàìåòðè ñòîõàñòè÷íî¨ ñèñòåìè. Ðîçãëÿíóòî ìåòîä

äèñòàíöiéíî¨ iäåíòèôiêàöi¨ ôiçè÷íèõ ïàðàìåòðiâ ìàëèõ âè-

ïðîìiíþâà÷iâ òåïëîâîãî âèïðîìiíþâàííÿ, ùî óòâîðþþòü õìà-

ðîïîäiáíó ñòîõàñòè÷íó ñóêóïíiñòü (�õìàðó�) íåâçà¹ìîäiþ÷èõ

ìiæ ñîáîþ ÷àñòèíîê. Ôëóêòóþþòü ãóñòèíà åíåðãi¨ âèïðîìiíþ-

âàííÿ ó ïîðîæíèíi âèïðîìiíþâà÷à, êiëüêiñòü âèïðîìiíþâà÷iâ
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ó �õìàði� i ðîçìiðè âèïðîìiíþâà÷iâ. Ïðè öüîìó îïòè÷íå çîáðà-

æåííÿ îêðåìèõ ÷àñòèíîê âiäñóòí¹. Ïîêàçàíî, ùî ó ìîäåëi àáñî-

ëþòíî ÷îðíîãî òiëà (À×Ò) iñíóþòü íàáëèæåííÿ, êîëè íà îñíîâi

äàíèõ ïðî ñåðåäí¹ çíà÷åííÿ ïîòóæíîñòi, îòðèìàíèõ ïðè äâîõ

äîâæèíàõ õâèëü, i äèñïåðñi¨ âëàñíèõ ôëóêòóàöié öi¹¨ ïîòóæ-

íîñòi â iäåàëiçîâàíié ñèòóàöi¨ iñíó¹ ïðèíöèïîâà ìîæëèâiñòü îá-

÷èñëèòè ñåðåäíi çíà÷åííÿ êiëüêîñòi âèïðîìiíþâà÷iâ ó �õìàði�,

òåìïåðàòóðè i ðîçìiðó âèïðîìiíþâà÷à.
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