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1. Introduction

We will begin with a simple type of stationary stochastic' systems of quantum physics using
them within a frame of the Shannon Information Theory and Thermodynamics but starting
with their algebraic representation. Based on this algebraic description a model of information
transmission in those systems by defining the Shannon information will be stated in terms
of variable about the system state. Measuring on these system is then defined as a spectral
decomposition of measured quantities - operators. The information capacity formulas, now
of the narrow-band nature, are derived consequently, for the simple system governed by
the Bose-Einstein (B-E) Law [bosonic (photonic) channel] and that one governed by the
Fermi-Dirac (F-D) Law [fermionic (electron) channel|. The not-zero value for the average input
energy needed for information transmission existence in F-D systems is stated [11, 12].

Further the wide-band information capacity formulas for B-E and F-D case are stated.
Also the original thermodynamic capacity derivation for the wide-band photonic channel
as it was stated by Lebedev-Levitin in 1966 is revised. This revision is motivated by
apparent relationship between the B-E (photonic) wide-band information capacity and the
heat efficiency for a certain heat cycle, being further considered as the demonstrating model
for processes of information transfer in the original wide-band photonic channel. The
information characteristics of a model reverse heat cycle and, by this model are analyzed, the
information arrangement of which is set up to be most analogous to the structure of the
photonic channel considered, we see the necessity of returning the transfer medium (the
channel itself) to its initial state as a condition for a sustain, repeatable transfer. It is not
regarded in [12, 30] where a single information transfer act only is considered. Or the return is

1 We deal with such a system which is taking on at time t = 0,1,... states 6; from a state space ©. If for any ty the
iO +T
relative frequencies I of events B C @ is valid that — Y Iz(6;) tends for T — oo to probabilities Pty (B) we speak
t=ty+1
about a stochastic system. If these probabilities do not depend on the beginning fy, a stationary stochastic system is
spoken about.
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regarded, but by opening the whole transfer chain for covering these return energy needs from
its environment not counting them in - not within the transfer chain only as we do now. The result
is the corrected capacity formula for wide—band photonic (B—E) channels being used for an information
transfer organized cyclicaly.

2. Information transfer channel
An information, transfer channel K is defined as an arranged tri—partite structure [5]

K2 (X, ¢ Y] where X 2[4, px()], Y 2B, py(-)] and (1)

. . . . . A .
- X is an input stochastic quantity, a source of input messages a € A" = X, a transceiver,

- Y is an output stochastic quantity, a source of output messages b € B = Y, a receiver,

- output messages b € Y are stochastic dependent on input messages a € X and they are
received by the receiver of messages, Y,

- ¢ is the maximal probability of an error in the transfer of any symbol x € A in an input
message a € X

[the maximal probability of erroneously receiving y € B (inappropriate for x) in an output
message b € )],

- A denotes a finite alphabet of elements x of the source of input messages,

- B denotes a finite alphabet of elements y of the source of output messages,

- px(+) is the probability distribution of evidence of any symbol x € A in an input message,

- py(+) is the probability distribution of evidence of any symbol y € B in an output message.
The structure (X, KC, Y) or (X, K, )) is termed a transfer (Shannon) chain. The symbols H(X)
and H(Y) respectively denote the input information (Shannon) entropy and the output information
(Shannon) entropy of channel K, discrete for this while,

__ZPX ) Inpx(x), __EPY ) Inpy(v) 2)
x€A YyEB

The symbol H(X|Y') denotes the loss entropy and the symbol H(Y|X) denotes the noise entropy
of channel K. These entropies are defined as follows,

H(X|Y) = _ZZPXY x,y) Inpxy (x[y), H(Y|X) = _ZZPXY x,y) Inpyx(y[x) (3)

where the symbol p..(-|-) denotes the condition and the symbol p..(-,-) denotes the

simultaneous probabilities. For mutual (transferred) usable information, transinformation T(X;Y)
or T(Y; X) is valid that

T(X;Y) = H(X) — H(X|Y) and T(Y;X) = H(Y) — H(Y|X) )
From (2) and (3), together with the definitions of p.|.(|-) and p..(-,-), is provable prove

that the transinformation is symmetric. Then the equation of entropy (information) conservation
is valid

H(X) = H(X|Y) = H(Y) — H(Y[X) ©)
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The information capacity of the channel K (both discrete an continuous) is defined by the
equation
S

Def sup I(X;Y) (6)
over all possible probability distributions g(-), p(-).It is the maximum (supremum) of the

medium value of the usable amount of information about the input message x within the
output message y.

Remark: For continuous distributions (densities) p((-), p.1(:|-) on intervals X, } € R,
xeX,yeYis

H(X) = _/X px(x)Inpx dx, (7)
H(Y) = = [ prn)npy(y) dy ®
H(X|Y) = / / px,y(x,y) Inpxy(xly) dxdy,

H(Y[|X) = / / px,y(x,y) Inp(y|x) dxdy

Equations (4), (5 are valid for both the quantities H(-) and H(-|-), as well as for their respective
changes AH(-)[= H(-)] and AH(-|-)[= H(:|")]-

3. Representation of physical transfer channels

The most simple way of description of stationary physical systems is an eucleidian space ¥ of
their states expressed as linear operators.? This way enables the mathematical formulation of the
term (physical) state and, generally, the term (physical) quantity.

Physical quantities &, associated with a physical system ¥ represented by the Eucleidian space
¥ are expressed by symmetric operators from the linear space L(¥) of operatorson ¥, « € A C
L(Y) [7]. The supposition is that any physical quantity can achieve only those real values «
which are the eigenvalues of the associated symmetric operator a (symmetric matrix [a; jJnn, n =
dim ¥). They are elements of the spectrum S(«) of the operator «. The eigenvalues a € S(&) C
R of the quantity a being measured on the system ¥ = ¥ depend on the (inner) states 6 of
this system Y.

¢ The pure states of the system ¥ = ¥ are represented by eigenvectors p € Y. It is valid that
the scalar project (P, ) = 1; in quantum physics they are called normalized wave functions.

 The mixed states are nonnegative quantities 8 € A; their trace [of an square matrix (operator)
«] is defined

Tr(a Def 2 a;; and, fora = 0 isvalid that Tr(0) = 1. )

i=1
The symmetric projector w{yp} = m[¥({y})] (orthogonal) on the one-dimensional subspace
¥ ({y}) of the space ¥ is nonnegative quantity for which Tr(7r{¢}) = 1is valid. The projector
7t{y} represents [on the set of quantities A C L(¥)] the pure state ¢ of the system ¥. Thus, an
arbitrary state of the system ¥ can be defined as a nonnegative quantity 8 € ® C A for which
Tr(8) = 1 is valid. For the pure state 6 is then valid that 6> = @ and the state space © of the
system ¥ is defined as the set of all states 6 of the system ¥.

2 The motivation is the axiomatic theory of algebraic representation of physical systems [7].
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3.1. Probabilities and information on physical systems
3.1.0.1. Theorem:
For any state 6 € O the pure states 8; = 7t{¢;} and numbers q(i|6) > 0 exists, that
n n
q(il6) >0, 6 = ) q(i|6) 6; where ) q(il6) =1 (10)
i=1 i=1
3.1.0.2. Proof:

Let D(6) = {Dy : 0 € S(0)} is a disjoint decomposition of the set {1, 2, ..., n} of indexes of
the base {¢1, 2, ..., Yn} of ¥. The set {¢; : i € Dy} is an orthogonal basis of the eigenspace
¥ (0|0) C ¥ of the operator 0 [for its eigenvalue 6 € S(6)]. Then

card Dy = dim'¥(0(0) > 1 and 7[¥(0]6)] = )_ m{y;}, V6 € S(6) (11)

i€Dy
Let g(i|0) = 6 is taken for all i € Dy, 6 € S(0). By the spectral decomposition theorem [9],

Z 0y = Z Or[¥(0]6)] = ) 6 ), n{wz}—Zq il0) r{y;}  (12)

6eS(6 6eS(6 965(6) i€Dy
Tr(6) = Zq i10) - Tr(rr{y;}) Zq (i[6) =1

The symbol g(-|6) denotes the probability distribution into pure, canonic components 0; of 6 is
called:

e canonic distribution (g-distribution) of the state § € ©.3
Further the two distribution defined on spectras of « € A and 8 € ® C A will be dealt:
e dimensional distribution (d-distribution) of the state 6 € ©*

Def dim¥(00)  dim'¥(60|0)
aole) 2 TRIEO) _ AMTOD) g ¢ 5 13

¢ distribution of measuring (p-distribution) of the quantity « € A in the state 8 € O,

p(a \tx!ﬂ) Tr(0ty), o€ S(«) (14)

where {7t : @ € S(«)} is the spectral decomposition of the unit operator 1. Due the nonnegativity
of Oty is p(a|a|0) = Tr(arr,) > 0. By spectral decomposition of 1 and by definition of the
trace Tr(-) is

xeS(w) aES(a)

Y. plalal6) = ( ) 71'“) =Tr(01) =1 (15)

Thus the relation (14) defines the probability distribution on the spectrum of the operator
S(a).

3 Or, the system spectral distribution SSD [11].
4 Or, the system distribution of the system spectral dimension SDSD [11].
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* The special case of the p-distribution is that for measuring values of «=6, 0 € O,
p(0]60]6) = Tr(67y) = 0dim ¥ (6(6), 6 < S(0) (16)

It is the case of measuring the 0 itself. Thus, by the equation (14), the term measuring means
just the spectral decomposition of the unit operator 1 within the spectral relation with «
[4, 20]. The act of measuring of the quantity « € A in (the system) state 8 gives the value a
from the spectrum S(a) with the probability p(«|a|8) = Tr(07,) given by the p-distribution,

Y plalal6) = Y Tr(0m,) =1 (17)
S(a) S(a)

The measured quantity « in the state 0 is a stochastic quantity with its values [occuring with
probabilities p(-|«|6)] from its spectrum S(«). For its mathematical expectation, medium value
is valid

E() = ) aTr(0m,) =Tr (6 Y. ocn',x) = Tr(0x) = (ayp, ) (18)
a€S(a) a€S(a)

Nevertheless, in the pure state 8 = 7{¢} the values i = « € S(«) are measured, Tr(0;a) =
(atp;, ;) = ;.
Let ¥ is an arbitrary stationary physical system and 6 € ® C A is its arbitrary state. The

physical entropy H(6) of the system ¥ in the state 6 is defined by the equality

#(0) 2 —Tr(01n0) (19)

When {7y : 6 € S(0)} is the decomposition of 1 spectral equivalent with 6, then it is valid
that
Oln6= ) OlnBrmy and H(O)=— ) 0Olnb-dim¥(0|0) (20)
0eS(0) 0eS(0)

3.1.0.3. Theorem:
For a physical system ¥ in any state 8 € © is valid that

__n i|0) -Ing(i|0) = . =Inn— _np(9|6|6)
() = = L a(10) - Ingie) = Ha(4o)] == T plolle) in Gy
= Inn —I[p(-6]6) || d(-|0)] (21)

where H(-) is the Shannon entropy, I(-||-) is the information divergence, p(-|0]6) is the
p-distribution for the state 8, ¢(-|0) is the g-distribution for the state 6 and d(-|0) is the
d-distribution for the state 0, n = dim ¥ .

3.1.0.4. Proof:

The relations in (21) follows from (20) and from definition (10) of the distribution g(-|6). From
definitions (13) and (16) of the other two distributions follows that [12, 38]
nf - dim ¥ (0/6)

dim ¥ (6|0)

I[p(-|6]6) | d(-|6)] = )  6dim¥(6]6)- In
6eS(0)
= Z Odim ¥ (0(0) - Inn — H(0) = Inn — H(0) (22)
0eS(0)
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Due to the quantities X, Y, X|Y, Y|X describing the information transfer are in our algebraic

description denoted as follows, X 2 0,Y Saory 2 («]|6), (X]|Y) 2 (0la), (Y]X) 2 (x|6).
The laws of information transfer are writable in this way too:

C= sug I(a;0), I(-]|)=T(-;") (23)
1(6;0) = I(w;0) = H(0) — H(0|a) = H(«||6) — H(«|0) = H(0) + H(«||0) — H(6,«)
H(6,0) = H(w,0) = H(0) + H(a|0) = H(«||0) + H(60|«) (24)

4. Narrow-band quantum transfer channels

Let the symmetric operator € of energy of quantum particle is considered, the spectrum of
which eigenvalues ¢; is S(€). Now the equidistant energy levels are supposed. In a pure state
0; of the measured (observed) system ¥ the eigenvalue ¢; = i-¢, ¢ > 0. Further, the output
quantity « of the observed system ¥ is supposed (the system is cell of the phase space B-E or
F-D) with the spectrum of eigenvalues S(«) = {ag, &1, ..., } being measured with probability
distribution Pr(-) = {p(0), p(1), p(2), ...}

p(k—i) prok > i

25
0 k<i 25

play|a|6;) = {

Such a situation arises when a particle with energy ¢; is excited by an impact from the output
environment. The jump of energy level of the impacted particle is from¢; up tog;j, i +j = k.
The output ¢; ; for the excited particle is measured (it is the value on the output of the channel
K = ¥. This transition j occurs with the probability distribution

Pr(j), j€{0, 1,2, ..} (26)

Let be considered the narrow-band systems (with one constant level of a particle energy) ¥ of
B-E or F-D type [27] (denoted further by ¥5_g ¢, Yr_p)-

¢ In the B-E system, bosonic, e.g. the photonic gas the B-E distribution is valid

Pr(j)=(1—p)-p/, j€{0,1, ..}, pe(0,1), p o 27)

¢ In the F-D system, fermionic, e.g. electron gas the F-D distribution is valid

j :
Pr(j) = 75, i€ {01}, pe@), pib (28)

where parameter p is variable with absolute temperature ©® > 0; k is the Boltzman constant.

Also a collision with a bundle of j particles with constant energies ¢ of each and absorbing
the energy j - ¢ of the bundle is considerable. E.g., by ¥ (e.g. ¥p_g, is the photonic gas)
the monochromatic impulses with amplitudes i € § are transferred, nevertheless generated
from the environment of the same type but at the temperature Ty, Tyy > Ty where T is the
temperature of the transfer system ¥ = K (the noise temperature).

It is supposed that both pure states 6; in the place where the input message is being coded
- on the input of the channel ¥ = K and, also, the measurable values of the quantity « being
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observed on the place where the output message is decoded - on the output of the channel ¥ = K
are arrangable in such a way that in a given i-th pure state 6; of the system ¥ = K only
the values ay € S(«), k = i + j are measurable and, that the probability of measuring the k-th
value is Pr(j) = Pr(k —i). This probability distribution describes the additive noise in the given
channel ¥ = K. Just it is this noise which creates observed values from the output spectrum
S(a) = {a;, aj;1, ...} being the selecting space of the stochastic quantity «.

The pure states with energy level ¢; = i - € are achievable by sending i particles with energy ¢
of each. When the environment, through which these particles are going, generates a bundle
of j particles with probability Pr(j) then, with the same probability the energy ¢;,; = k-¢ is
decoded on the output.

It is supposed, also, the infinite number of states 6;, infinite spectrum S(a) of the measured
quantity «, then S(a) = {0, 1, 2, ...}, S(a) = D(6); [S(«) 2 S, a 2 w).

The narrow—band, memory-less (quantum) channel, additive (with additive noise) operating
on the energy level ¢ € S(¢) is defined by the tri—partite structure (1),

Ke = {[S,9(i[0)], p(a|a]6;), [S, p(a||0)]}. (29)

4.1. Capacity of Bose-Einstein narrow-band channel

Letnow 0, =i, i = 0,1, ... are pure states of a system ¥p_g, = K and let a is output quantity
taking on in the state 0; values a« € S with probabilities

plalel6;) = (1—p) p*~ (30)

Thus the distribution p(-|«|0;) is determined by the forced (inner-input) state 8; = 7t{y;}
representing the coded input energy at the value ¢; = i- ¢ € S(e), ¢ = const. For the medium
value VV of the input i is valid

W:ii-q(ﬂe):E(B), W=e¢ W (31)
i=0

The quantity W is the medium value of the energy coding the input signal i.

For the medium value of the number of particles j = o — i > 0 with B-E statistics is valid

2 d[ 1
- i — -1 | = _r
) j-(=p)p = P §',JP —Prg, [1_]0] Ay

The quantity E(«) is the medium value of the output quantity « and

E(@)= ) a- p(afald) (32)

a€S(a)
where p(a|a|0) is the probability of measuring the eigenvalue a = k of the output variable «.

n
This probability is defined by the state 6 = ). q(i[0) 6; of the system ¥p_g, = K

=0

(a||6) = Zq i10) - p(ala|6;) Zq i10) - p* " [=Tr(07ry)] (33)
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From the differential equation with the condition for « = 0
pafalf) = p(a —1[|6) - p+ (1 —p)-q(«[6), Va > 1; p(0]«|6) = (1—p)-q(06)  (34)

follows, for the medium value E(«) of the output stochastic variable &, that

E(a) = Z%“'P(“—1|“|9)'P+ ;0"(1—P)'6I(“|9) (35)
=lep(a—1|a\9)-p+w-(1—p)ZP-E(w)+p~;p(w—llw!9)+w-(1—p)
E(@) - (1—p)=p+W-(1-p) — E(a)z%%—w, W =E®)>0, 0c®, (36)

The quantity H(«||6;) is the p-entropy of measuring & for the input i € S being represented
by the pure state 0; of the system ¥p_pg,

—H(a|6;) = Y_(1—p)p/ - In[(1 - p) p/] (37)
jes
=(1—p)-In(1—p ZP] plnp- Yyt

j
d 1 h ,
zln(l—p)—(l—p)-p-lnp-d—p {H] Z—%,VZES

where h(p) = —(1—=p)-In(1 — p) — p - Inp is the Shannon entropy of Bernoulli distribution

{p, 1—p}.

The quantity H(«|6) is the conditional Shannon entropy of the stochastic quantity a in the
state 0 of the system ¥p_g , not depending on the 0 (the noise entropy)

- h(P) h(p)
0) 0;) =Y q(i|0) ——~= = —= (38)
Z 0(10) - Hwlo) = Yqilo) 17 = 77
For capacity Cg_g~ of the channel K = ¥p_g is, following the capacity definition, valid
- L _ _ M)
Cp_pr = sup H(a|0) — H(x]0) = sup H(a|0) — 1 (39)
96@0 66@0 p

where the set ®) = {0 € ®, E(0) = W > 0} represents the coding procedure of the input
i € S. The quantity H(«|/0) = H(p(:|«|6)) is the p-entropy of the output quantity a. Its
supremum is determined by the Lagrange multipliers method:

A
H(a||0) = — ), plala|0) Inp(afal®) =— ) po-Inpe, pe=p(ae|f) (40)
a€S(a) a€S(n)

The conditions for determinating of the bound extreme are

Y pa=1 ), a-py=E(x)=const. (41)

aeS(w) aeS(a)
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The Lagrange function

L:—Zpa-lnpa—/\yZpa-i—/h—/\Q-Za-pa—l—)\zE(a) (42)
14 44 14
Do . oL e
which gives the condition for the extreme, FP = —Inpy —1—A1 — Ay -a =0, yielding in
44
e~ 1-M e 1-M
pa = e 1M e7M% — p(a|a|f) and further, in ;pa = ; N\ T 1 (43)

Then for the medium value E(«) the following result is obtained

E(a) = th “Pa = sz ceTITM e — 1A ET e~ Mt (44)
0 o 2
= —6_1_)\1 . a 1 = e_l_)\l . €_A2 = e_/\Z
Ay |1 —e M (1 —eM2)2 1—e M

By (35), (36) and for the parametr p:e_% = const. (¢ = const. ® = const.) E(«) is a function

of W only. For A, = k; is e = p(W) and E(a) is the medium value for & with the
geometric probability distribution

p() = p(-|a[6) = [1 = pWV)]- p(W)", & € S(w) (45)
depending only on % or, on the absolute temperature Ty respectively. Thus for E(«) is
144
valid that W)
p __£
E(a) = ——F~ =, p(W) =¢ *w (46)
@ = 5 POV

From (35) and (46) is visible that p(WW) or Ty respectively is the only one root of the equation

p(WV) p e Fw e o
= + W, resp. = —+W 47)
1—pV)  1-p P

1—¢ ®w  1-¢
From (34) and (45) follows that for state 8 € @ or, for the g-distribution g(-|0) respectively, in
which the value H(«||0) is maximal [that state in which « achieves the distribution g(-|0) =
p(-)], is valid that
1—-p(W 1—pW _

7(/0) = %p) x=0 and q(a]0) = 1+(p) POV) = pl-p OV a >0 @9)
For the effective temperatutre Ty of coding input messages the distribution (45) supremizes
(maximizes) the p-entropy H(«||0) of &« and, by using (37) with p(W), is gained that

h[p(W)]
sup H(a||6) = POV (49)
From (39) and (49) follows [12, 37] the capacity Cg_g, of the narrow-band channel K = ¥g_g

ok = 1Ltk — 12 (50)
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By (35), (36) and (46) the medium value W of the input message i € S is derived,

__rY) p
VIS Ty oy

By (31) the condition for the minimal average energy Wk, needed for coding the input
message 1S

W >0 resp. W=2¢-W >0, e€S(e) (52)
W > Wgpit, Wirip = 0 (53)

The relations (35), (36), (46) and (52), (53) yield in

w
E(a) = 16;(3\}) > 16}9 and, then p(W) > p, 1—p(W) <1—p (54)

From (47) and (54) follows that for the defined direction of the signal (messaage) transmission
at the temperature Tyy of its sending and decoding is valid that

p(W) p
1—P(W)>1—P’ pW)>p, W=>0 (55)
p(W) = e_ﬁ > efﬁ =p andthus Ty > Tj (56)

4.2. Capacity of Fermi-Dirac narrow-band channel

Let is now considered, in the same way as it was in the B-E system, the pure states 0; = i
of the system ¥ which are coding the input messages i = 0, 1, ... and the output stochastic
quantity « having its selecting space S. On the spectrum S probabilities of realizations « € S
are defined,

a—i
p(a|a8;) = 1’9+ o pe@D =01, .. (57)

expressing the additive stochastic transformation of an input 7 into the output a for wich is
valid & = i or & = i + 1.5 The uniform energy level ¢ = const. of particles is considered.

The quantity W is the mathematical expectation of the energy coding the input signal

W=eW, W=) iq(i|6) =E(6) (58)
ieS

The medium value of a stochastic quantity with the F-D statistic is given by
D ]’~—1’”j - (59)
jefory TP AR

The quantity E(«) is the medium value of the output quantity «,

E(w) = ), a-p(ala|) (60)

aeS(a)

% In accordance with Pauli excluding principle (valid for fermions) and a given energetic level ¢ € S(e).
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where p(«|a|0) is probability of realization of « € S in the state 6 of the system ¥ =
Ye_p=K,

0= L al10)0, plalalo) = L a(10)-plelelf) = 5 Lqile)-p* @)
i€S i=0
From the differential equation
plalale) = W=D PO 5 g 62)
with the condition for
€ =0, p(0la]6) = (000

follows that for the medium value E(«) of the output stochastic variable « is valid that

E(a) = . Y a-gq(a—160) + sz q(«|0) (63)
1+p a>1 a>1
= Y (a-1)qx-10)+ —110) + ——
= g(a—1/0) t1 W
T+p ; ; +p
:—&~W+JL+—LWW—% E(w)= —P— +W, W=E(®), 6¢0,
1+p 1+p 1+p 1+p

The quantity H(«||6;) is the p-entropy of measuring « for the input i € S being represented
by the pure state 6; of the system ¥Y¢_p,

p p 1 1 p 4
H(«||0;) = — -In = — -In — -In (64)
(=]16:) ]§1+p T+p I+p 14+p 14p 14p

p p p p p ;
——— | In{1- — -1 =h|——|, Vie$§
< 1+p> n< 1+P> T+p ' 1+p <1+P>
The quantity H(«|0) is the conditional (the noise) Shannon entropy of the stochastic quantity
« in the system state 0, but, independent on this 6,

- - qtil0)- Htalo) = Catio) - (1) =1 (755 65)

For capacity Cg_p, of the channel K=¥¢_p is, by the capacity definition in (23)-(24), valid
that

Cr-r = sup H(x]6) — H(al6) = sup H(wl) 1 (1) (66)
0O, 00, _'_p

where the set @) = {6 € ® : E(0) = W > 0} represents the coding procedure.

The quantity H(«||0) = H(p(-|«|0)) is the p-entropy of the stochastic quantity « in the state
0 of the system ¥p_p,. Its supremum is determined by the Lagrange multipliers method in
the same way as in B-E case and with the same results for the probility distribution p(-|«|0)
(geometric) and the medium value E(a)



94 Thermodynamics — Fundamentals and Its Application in Science

p() =p([al6) = [1—pW)]-pV)?, a € S(w) (67)
W) — v
E(a) = ——~2—, W) =e Kw
@ = 2 POV
Again , the value E(«) depends on %, or on absolute temperature Ty respectively, only. By
44

using E(a) in (63) it is seen that p(W) or Ty respectively is the only one root of the equation
[12, 30] ) )
KT, kT,
POV) =L 4 W, resp. ¢ _L — £ _OL +W (68)
1-p(W)  1+4p 1—e ¥w  1+4e o
For the g-distribution g(-|0) = p(-) of states 8 € Oy, for which the relation (62) and (67) is
gained, follows that

q(a—1[0) - p + q(«]6) =[1—pW)]-pW)*, « €S with conditions (69)

1+p
q(0[6) = (14p)-[1—pW)] and q(16) = (1+p)-[1—pWV)]-[p(OWV) = p];
a—1 ) ) )
q(a|6) = (1+p)-[1—pW)]- [(g(—l)l pW)* - p’) + (=1 P"‘] ya>1

For the effective temperatutre Ty of coding the input messages the distribution (67) supremises
(maximizes) the p-entropy H(«||0) of « is valid, in the same way as in (49), that

hp(W)]
sup H(«||0) = —/———~ (70)
96@0 1 - p(W)
By using (70) in (66) the formula for the Cy_p , capacity [12, 37] is gained
hpOV)] < p )
D = —h 71

The medium value WV of the inputi = 0, 1, 2, ... is limited by a minimal not-zero and
positive ‘bottom” value Wg,;;. From (58), (63) and (68) follows

E(“)_l—p(W)_l—p’ pW)=e ¥w > ¢ o =p andthus Ty > T (72)

2 ~2m
W= pOV) P >0 W > 2p =Wkyit, tesp. W=e- W > 8'26—1 (73)

_1_P(W) I+p — o 1—192 1—6_2130
For the average coding energy W, when the channel Cr_p  acts on a uniform energetic level
g, is
292
W 2> Wgpir = ﬁ (74)

For the F-D channel is then possible speak about the effect of the not-zero capacity when the
difference between the coding temperatures Ty, and the noise temperature Ty is zero.® This
phennomenon is, by necessity, given by properties of cells of the F-D phase space.

6 Not not-zero capacity for zero input power as was stated in [37]. The (74) also repares small missprint in [11].
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5. Wide-band quantum transfer channels

Till now the narrow-band variant of an information transfer channel K., ¢ €
S(e), card S(e) = 1 has been dealt. Let is now considered the symmetric operator of energy &
of a particle, having the spectrum of eigenavalues

S(e) = {O, ﬁ, %, . @, } — {ﬂ} ,cardS(e) =n+1 (75)
T T T T Jr=0,1,..,n

where T > 0 denotes the time length of the input signal and / denotes Planck constant. The
multi-band physical transfer channel K, memory-less, with additive noise is defend by the
(arranged) set of narrow-band, independent components K¢, € € S(e),

K= £€>S<(s) Ke = geé(g) {ic, p(oe|ac|0,,), ac} = {i, p(a|a|6;), a} (76)
1= £e§<(e) fe = €€§<(g) S, 9:(i¢|6¢)], i € S={0,1, 2, ..}
&= X e€S(e) fe = €6>S<(g) S, p(ae|ae|6e)], a¢ €S ={0,1,2, ...}

Due the independency of narrow-band components K, the vector quantities i, a,, 0, j, are
independent stochastic quantities too.

The simultaneous g-distribution of the input vector of i, and the simultaneous p-distribution
of measuring the output vector of values a; (of the individual narrow—band components ;)
are

[T aclicleo) = q(ie), 6= 6, icS() 77)
ecS(e)
[T placlac|6e) = p(a|al6), 6= X 6, «eS(a) (78)
e€S(e) e€S(e)

The system of quantities 6, (the set of states of the narrow—band components K.) is the state 0
of the multi-band channel K in which the (canonic) g-distribution of the system K is defined.
Values 7/, j/, o

o =j+i =Y we, j =Y jo i'= Y iy je=wae—ic >0, Ve € S(e), cardSe > 1
ecS(e) e€S(e) e€S(e)

(79)
are the numbers of the input, output and additive (noise) particles of the multi-band channel
K. In this channel the stochastic transformation of the input i’ into the output &’ is performed,
being determined by additive stochastic transformations of the input 7 into the output a; in
individual narrow-band components ;.

Realizations of the stochastic systems i, «, 0, j are the vectors (sequences) i, @0, ]

i= (i€)£€S(s)/ X = (“8)568(8)' 6= (9€)£€S(s)/ j: (jﬁ)SGS(s); L& e seé(s) S, (80)

ie, 0, je €S, 6. €S(6:), 0= ) 6:0,;, 6¢€S(0)
i, €S
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For the probability of the additive stochastic transformation (77), (78) of input i into the output
w is valid

[T placlaclo.;) = p(®lale), &=j+i, i€SG), jeS(), aeS@) @
e€S(e)

The symbol 6, ; denotes the pure state coding the input ie € S of a narrow-band component
K¢ and the state 6; = X g ()0, codes the input i for which

q(i10) =gz = [T 9(6e) (82)
e€S(e)

For the multi-band channel K the following quantities are defined:”

¢ the p-entropy of the output «

H(al|0) = Z H(ae||0:) = — Z Z p(aelae|0c) - Inp(ae|oe|6) (83)
e€S(e) e€S(e) ae€S
< Z sup H (|| 6¢)
ecS(e) O

for which, following the output narrow—band B-E and F-D components K. € K, is valid that

hipe(W
sup H(«||0) = sup 2 H(ae||6:) = 2 sup H(ae||0:) = Z % (84)
0c0O, 0c@, ecS(e) ecS(e) 0 ecS(e) - Pe
e the conditional noise entropy (entropy of the multi-band B-E | F-D noise)
h
Dé’e 2 H ﬂisws - Z Zq |951 : Déslwgl) - 2 |:1(_p£) h <1£€ >](85)
ecS(e) ¢€S(e) i€S e€S(e) Pe Pe
€ €
where p(W) = ¢ ¥ow, p, = e ¥, Ty >Tp > 0 and h(p) = —plnp— (1 —p)In(1—
p)-
e the transinformation T («; 0) and the information capacity C(K),
C(K) = sup T (a;0) = sup H («||0) — H («|0) (86)

0O, ECH

_ hipeOW)] h(pe)
- sesz@ 1=p(W) sg(a [1"98

(it

The set ©) = £e§<(€) {6. € ©; E(6:) = W, > 0} represents a coding procedure of the input i
of the K into 6;, [by transforming each input 7, into pure state 8, ; , Ve € S(e)].

7 Using the chain rule for simultaneous probabilities it is found that for information entropy of an independent stochastic
system X = (X1, X2, ..., Xy) is valid that H(Y) =Y H(Xi|X1,..X ZH ). Thus the physical entropy H.(0)

1
of independent stochastic system, 8 = {6, }, is the sum of H[q(|60;)] over ¢ 6 S; too.
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5.1. Transfer channels with continuous energy spectrum

Let a spectrum of energy with the finite cardinality 7 + 1 and a finite time interval T > 0 are
considered

rh h rh
S(e) = {er}r=0,1, { } , Ae=—, 6 =—=r71"Ag (87)
e T r=0,1,..,n T ' T
h h
card S(e) = n =n+1l,n-Ae=n-— =gy, T _ const.
Ae T no ey

For a transfer channel with the continuous spectrum of energies of particles and with the
band—width equal to card S(e) = S—Z, is valid that

rh A .1 de
Tlgrgoer = Tlgrgo? = Tlglgor Ae = rde resp. Tlglgo? = S(e) = (0,¢,) (88)
But the infinite wide-band and infinite number of particles (T — o0, n — o0) will be dealt

with. Then

S(e) = {er}tr=0,1, {rh} = lim & = lim mh =limrAe =rde (89)
r=0, 1

T T—00 T—00 T =0

and thus the wide—band spectrum S(e) of energies is

lim 1_de S(e) = (0,00) (90)

T—so0 T h’

A VAN VAN . .
With the denotation e = &, i =1is, j=je, g, je €S, ae € S, ¢ € S(¢) For the p-entropy of

the output « of the wide-band transfer channel KB—E\F—D is valid that

H(x|0) = hm — ) H(w||6) = lim —= Z Y p(ae|oe|6c) - In p(ae|oe|6)(91)

T—0 T T—00

e€S(e) SGS( ) xe€S
1 [e°]
= Y p(a|oe|6;) - Inp(aae|6;) | de
htJo a€S

.1 )]
sup H(«||0) = lim — E sup H(w||6;) / de
0 («]/8) el|0c) h 1—pg W

1R % SGS( ) 0.

For conditional entropy of the wide-band transfer channel Kg_gr_p [entropy of the

wide-band noise independent on the system (Kg_gp_p) state 0] and for its information
capacity is valid, by (85) and (86)

H(wlﬂ)zggrgo; Y. H(wel6:) = lgrolo; Y. ) a(il) - HeelBe:)  (92)

e€S(e) ecS(e) i€S
_ Pe) Pe
_h/ H(ne|6c) dg_h/ [1_p£h )| de
_ * hlpe(W 1 h(pe) Pe
C(Kp_gjr-p) = h T— p. OV d€ p /0 L - {1 e de (93)
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By (52) and (74) the average number of particles on the input of a narrow—band component
e is

2
We=Yi-q(il6c) > [0 ]12_’032] (94)

i€S Pe

and then for the whole average number of input particles W' of the wide-band transfer
channel K is obtained

_1/ nge,wzlf e W, de (95)
h Jo h Jo

where W is whole input energy and Tyy is the effective coding temperature being supposingly at
the value TWS/ Tw = TWS, Ve € S(&)

5.2. Bose-Einstein wide-band channel capacity

By derivations (86) and (92), (93) is valid that [12]

C(K
B-E) h/ 1—p€ h 1—p£ de (46)
For the first or, for the second integral respectively, obviously is valid
2k Ty 1 % h(pe) °kTy
h/ 1—]?5 de 3 o h/o T—p %= 735 ©7)
Then, for the capacity of the wide-band B-E transfer channel Kg_g is valid
2k mkTyw Tw — Ty & kT
. = . >
C(KB_E) 30 (TW To) 3 Ty 37 max, Tw=To (98)

and for the whole average output energy is valid

272 B 21,272
lim L 28 / dg:_kTW/ln(l t)dt:nkTW
TR T Se) F’S T h 1 - Ps 6h

(99)

For the whole average energy of the B-E noise must be valid

o 21,272
limlz:£L:1 e Fe ds:nkTO (100)
T—>oo’(£es(£) 1—pe hJo 1—pe 6h

From the relations (79) among the energies of the output &/, of the noise j’ and the input 7/,

U S
6h 6h

+W (101)

6hW
the effective coding temperature Tyy is derivable, Ty = Ty« 4/1+ T2 Using it in (98)
T 0

gives

kT 6hW
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For Ty — 0 the quantum aproximation of C(Kp_g), independent on the heat noise energy
(deminishes whith temperture’s aiming to absolute 0° K)

T4K2 Ty? 2W kT, 2W
li Kpg_g) = li 2277 R A 1
T01§OC( B-E) Tolgo (\/ 9h2 tn 3h 3h ™ 3n (103)

The classical approximation of C(Kp_g) is gaind for temperatures Ty > 0 (Tp — oo
respectively). It is near to value %, the Shannon capacity of the wide-band Gaussian

channel with the whole noise energy kT and with the whole average input energy W. For T
from (101), great enough, is gained that®

. kT, [ 3hW w
C(Kp-g) = 3% <7‘[2k2T02> = KTy (104)

5.3. Fermi-Dirac wide-band channel capacity

By derivations (86) and (92), (93) is valid that [12]

kT 1 [ Pe
C(K _rmkiw 1 _Pe
F-D) h/ 1—pg ds h/ <1+ps) ‘ 3h h/o h(1+Pe> ae

(105)
For the second integral obviously is valid

°kTy
h/ <1+pg)d - 6h (106)

By figuring (105) the capacity of the wide-band F-D channel Ky_p is gained,

2k To
C(ke-n) = 5 (T - 7 (107)
and for Tyy > Tpis writable
2Tw — Tp
C(Kg_p) = C(Kp_g) oo——rr- (108)
(Kp-p) = C( BE)2TW_2TO

For the whole average output energy is valid the same as for the B-E case,

2 k2T
h/ 1—pg T W) = & (109)

For the whole average F-D wide—band noise energy is being derived

1 T K2Tp? [ e ¥
lim = ) e Pe  _ / T e=220 x < — dx (110)
TH&T&GS(S) 1+ pe h 1+e¢ 5y h 0 1+e
CKPT? 1 Int o T2k2 T2
ho Jo t+1 12k
8For\x\<1,\/1+x:1+%x7%x2+...£1+%xwherex:6h7w<1.

2k2 Toz
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From the relation (79) among the whole output, input, and noise energy,

7.[21(2 TI%V B 7T2k2 TOZ

o~ aon W (1)
) ) 1 6hW C
follows the effective coding temperature Ty =Tp- /5 + ———-. Usingitin (107) the
2 72K2T,
result is [24]
2
<k T 1 6hW 1
Kg_p) = —— -+ - — = 112

For Ty — 0 the quantum approximation capacity C(Kg_p), independent on heat noise energy
kTj is gaind (the same as in the B-E case (103),

TK2Ty? 1 QW kT, 1 2W
] K = li 0 s 20 D) gy 2 11
fim, C(K-p) = lim, \/ or 2 s T a2 T W 9

The classical approximation of the capacity C(Kg_p) is gained for Ty > 0°

kT | 1 12hW 1| . 7?kTy [ 1 6hW 1
C(Kp_p) = 5 |75 1+—7t2k2T02_§ = — [ﬁ <1+—n2k2T02>—§] (114)

7'(sz0 7T2kT0
= en (\/—_1>+\/_k_TO {Tﬁn 6l

(\6 — 1) , W = const. > Wm-t}

By (74) the condition for the medium value of the input particles of a narrow—-band component
2

Ke, ¢ € S(e), of the channel Kg_p is valid, W, > £, from which the condition for

the whole input energy of the wide-band channel Kg_p follows. By (95) it is gaind, for
Tyw > Ty > 0, that!”

1 1 2 T2k2Ty?
W> lim = Y eW,> lim ~ P€ - >0 (115)
e TseS(s) e Tses 1 p€ h kTO 12h

6. Physical information transfer and thermodynamics

Whether the considered information transfers are narrow-band or wide-band, their
algebraic-information description remains the same. So let be considered an arbitrary
stationary physical system ¥ of these two band—types as usable for information transfer.

n

Let a system state 8/ = )_q(i|0') w{y}} € O of the system ¥ is the successor (follower,
i=1

n
equivocant) of the system state 8 =) ¢(i|0) m{y;} €®, 6 — 0 is written. The
i=1

YForv1+x =1+ lxwhen|x| <1 x= 121@%\]2
’s 0
10°1f, in the special case of F-D channel, it is considered that the value W given by the number of electrons as the average
energy of the modulating current entering into a wire, over a time unit, then it is the average power on the electric

resistor R = 1Q) too.
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n
distribution ¢(i6') = Y_ p(ilj) 9(j|0), p(ilj) = (¢}, ¢;)* = u]%- and 8 — 0’, ensures existence
j=1

of the transformation matrix [u; ;] of a base of the space ¥ = {¥}!_; into the base {¥'}}_ M

From the relation 8 — 6’ also is visible that it is reflexive and transitive relation between states
and, thus, it defines (a partial) arrangment on the set space ©. The terminal, maximal state for
this arrangement is the equilibrial state 07 of the system ¥: it is the successor of an arbitrary
system state, including itself.

The statistic, Shannon, information) entropy H(-) is a generalization of the physical
entropyH (0). The quantity I-divergence I(-||-) is, by (21), a generalization of the physical
quantity I(p||d) = H(0") — H(6) where the state

1 n
0" = - Y 0,€0 for 0;=m{y;}, i=12 .., n (116)
i=1

is the equlibrial state of the system ¥. The probability distribution into the canonic components
0; of 67 is uniform and thus
H(0T) =Inn = Indim (V) (117)

Information divergence I(p||d) > 0 expresses the distance of the two probability distributions
q(-|0) and g(-|@") of states (stochastic quantities)

0 =[S,q(:|6)] and 6" =S,q(-|6")] (118)

In the physical sense the divergence I(p|d) is a measure of a not-equilibriality of the state
0 of the physical (let say a thermodynamic) system ¥. Is maximized in the initial (starting),
not-equilibrium state of the (time) evolution of the ¥. It is clear that I(p||d) = T(«; 0)

6.0.0.5. H-Theorem, I1. Second Principle of Thermodynamics:
Let for states 8, 8’ € © of the system ¥ is valid that 6 — 0’. Then

H(O') > H(6) (119)
and the equality arises for 6 = 6’ only [12, 38].
6.0.0.6. Proof:

(a) For a strictly convex function f(u) = u - Inu the Jensen inequality is valid [23]

f ip q(716) i [q(jle)], i=1,2,.,n (120)
_]:1 . :
if Zp ilj)a(jle) simmiﬂqmen
i= | i= j=
= Y fla(jle)] Zlcme Ing(jl6) = —Hg(-18)] = —H(6) dueto ilpam:
j=1 j i=

11 Tt is the matrix of the unitary operator u(t) expressing the time evolution of the system ¥.

101



102 Thermodynamics — Fundamentals and Its Application in Science

and for distributions ¢(i|60') is valid H(6") > H(0):

n

LS (ip(iﬁqoe)) = Y9016 Ing(ile’) = ~H(8)) [< ~7(6)]
1= ]:

i=1
(b) The equality in (119) arises if and only if the index permutation [i(1), i(2), ..., i(n)] exists

that p(ilj) = d[ili(j)], j =1, 2, ..., n; then q[i(j)|6'] = q(j|0), j =1, 2, ...
Let a fixed j is given. Then, when 0 = p(i[j) = (¢}, lp]-)z, i # i(j), the orthogonality is valid

F(jly;) L

@ ‘I’(tp{tpi)], ¥ =iy} =6;, ¢;=r{y;} =06 (121)
i#i(f)

and, consequently, ; € ‘P[gbl{(].) ]1[)2(].)], pli()lj] = (Ebf(j)r#’j)z = 1. Itresults in y; = ‘Pz{(]‘)' This
prooves that the equality H (') = #(8) implies the equality q(j|8) 7w{w;} = q[i(j)|6] 71’{1/)1{(].)}
and 0 =10'.

‘H-theorem says, that a reversible transition is not possible between any two different states
0 # 6. From the inequality (119) also follows that any state 6 € O of the system ¥ is the
successor of itself, 8 — 0 and, that any reversibility of the relation 8 — 0’ (the transition
6’ — 0) is not possible within the system only, it is not possible without openning this
system Y. The difference

H(OT) —H(0) = max 1H(0') —H(6) = H [q(-|67)] — H [q(:|6)] (122)
€
reppresents the information-theoretical expressing of the Brillouin (maximal) entropy
defect AH (the Brillouin negentropic information principle [2, 30]). For the state 0" is valid
that & — 07, V0 € O. It is also called the terminal state or the (atractor of the time evolution)
of the system ¥y .12

6.0.0.7. Gibbs Theorem:
Forall 8, 8 € O of the system ¥ is valid

H(0) < —Tr(01n ) (123)

and the equality arises only for 6 = 6 [38].
6.0.0.8. Proof:

5 n ~ 1 ~

Let for 0, 0 € @ is valid that 0 = }_ q(i|0) w{y;}, 6 = ¥ q(i|6) {y} and let the operators
i=1 i=1

«, 0 are commuting «@ = Ox, D(a) = {Dy : « € S(a)}, D(6) = {Dy : 6 € S(6)}, are

their spectral decompositions. Let be the state 0’ the successor of 8, 8 — 60’ and relations

p(alal6) = Y q(i|6') = p(ala|6’) and #(6') > H () are valid. For the matrix (6;;) of the

ieD,

12n this sense, the physical entropy H.(0) (19), (21) determines the direction of the thermodynamic time arrow [2],

o) —H(6 d
w = Bi;[ >0, At=ty —typ>0. Theequality occurs in the equlibrial (stationary) state 8" of the system

¥ and its environment.
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n
operator 8 in the base {}, 3, ..., ¢5,} is obtained that 6;; = ) uy; ux;q(k[0) and thus for
k=1

operators In 8 and Tr(01n 0) is valid that

Ind = Zlnq i10) m{y!} and —Tr(6Inb) =
i=1
— Y018 Ing(ifd)

i=1

] M:

[i ui; q(k|@) ] )| Ing(i|@)  (124)

For the information divergence of the distributions q(-|6’), g(-|0) and the entropy H(6’) is
valid that

|0 LA .
11q(10") lg(-18)) Zq e m I8 >0, —aue) > ¥ atio)ng(i). (129
i=1
By (119) for 6 — 6’ is writable that H(0) < H(6') < —Tr(61n#8). By (123) —Tr(6'In6) >
H(0') > H(0) are valid; the first equality is for

Iq(|0')l|q(-18)] =0, H(0') = H(B), q(i|6') =q(ilB), i=1,2,.,n 6 =06  (126)

the second equality is for 8/ = 0. The Gibbs theorem expresses, in the deductive
(matematical-logical) way, the phenomenon of Gibbs paradox.!3

From formulas (47), (55), (56) and (68), (72), (73) for the narrow-band B-E and F-D capacities
follows that

€ T T J—

e Fw . ekl >1, em( V%W()) >ebe>0,Tp>0 — Tw>Ty — Méquzo

W (127)
and it is seen that the quantity temperature is decisive for studied information transfers. The
last relation envokes, inevitably, such an opinion, that these transfers are able be modeled by
a direct reversible Carnot cycle with efficiency #7.x € (0,1)). Conditions leading to C['l'] <0
mean, in such a direct thermodynamic model, that its efficiency should be #max < 0. This is
the contradiction with the Equivalence Principle of Thermodynamics [19]; expresses only that the

transfer is running in the opposite direction (as for temperatures).

As for B-E channel; for the supposition W < 0 the inequalities Tyy < Tp and p(W) < p
would be gained which is the contradiction with (35), (36) and (47). It would be such a situation
with the information is transferred in a different direction and under a different operation mode. Our
sustaining on the meaning about the original organization of the transfer, for Tyy > Tj, then
leads to the contradiction mentioned above saying only that we are convinced mistakenly
about the actual direction of the information transfer. In the case Tyy = Ty for the capacity
Cg_g~ from (50) is valid that Cg_g» = 0. Then W = Wg,;; [= 0] for p(W) = p.

2
As for F-D channel; for the supposition W < 12_17 > Tw < Tpand p(W) < pis
gained which is the contradiction with (68). For Ty = Ty is for Cp_p from (71) valid

13 Derived by the information-thermodynamic way together with the I. and II. Thermodynamic Principle and with the
Equivalence Principle of Thermodynamics in [16, 17, 19].
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h(p) , p

= ——+ — -Inp—In(1 14

1—P+1+P np—In(1+p)

Let be noticed yet the relations between the wide-band B-E and F-D capacities and the model
heat efficiency #4x. For the B-E capacity (98) is gained that

C(Kp—g) =

2kTw [ Tw — T, 2KT, 2KT,
T W < W 0) _ T W k W _ CmaX(KB—E) (128)

30 Ty 3 e, T T
CMN Ky _g) = sup H(a0) = H(i) = H(6)
0

C(KB,E) >0, Tw > Ty, C(KB,E) — 0, Tw — 1Ty

Tw— T,
(T'Irnax—>
. . . . . 71'21(TW
It is the information capacity for such a direct Carnot cycle where H(X) = 3, =
C(Kp-g)-
For the wide-band F-D capacity from (105) is valid
2 2
C(Kp p) = = ;(hTW T 61;1T0’ Tyw>T, and for Ty > Ty, (129)
m?kTyw 2Tw —To 72kTw  2Tw — T
K _ — . == . .
CKep) = —; 2Ty 3 2(Ty — Tp) Imax
B 2Ty —Tp
T kT
Dueto1 — ffmax = T_O is valid Ty = Tw (1 — #fmax) andalso C(Kg_p) = 7'fé<_hw - (1 + 7max)-
w
Then,
7'[21(TW
Kr_p) = 1
C (Kf-p) MR v (130)
1 1 w2k Ty
Kr_ —H(@) == =
C (Kg-p) TW—JT& S H(i) = 5 7(6) h
(7max—0)

C (xp-p) € (T, TR (L ru(e), o)

Again the phenomenon of the not-zero capacity is seen here when the difference between
the coding temperature Ty, and the noise temperature T is zero. Capacities C(Kg_p) > 0

are, surely, considerable for Ty € (%, To) and being given by the property of the F-D phase

space cells. Capacities C(Kg_g) < 0 and C(Kg_p) < 0 are without sense for the given
direction of information transfer.

14 Nevertheless the capacity Cr_p for this case W < Wi is set in [12, 13]. Similar results as this one and (74) are gained
for the Maxwell-Boltzman (M-B) system in [13].
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Nevertheless, it will be shown that all these processes themselves are not organized cyclically "by
themselves’.

Further the relation between the information transfer in a wide-band B-E (photonic) channel
organized in a cyclical way and a relevant (reverse) heat cycle will be dealt with. But, firstly, the
way in which the capacity formula for an information transfer system of photons was derived
in [30] will be reviewed.

6.1. Thermodynamic derivation of wide-band photonic capacity

A transfer channel is now created by the electromagnetic radiation of a system £ = K; 1 of
photons being emitted from an absolute black body at temperature Ty and within a frequency
bandwidth of Av = R™, where v is the frequency. Then the energy of such radiation is the
energy of noise. A source of input messages, signals transmits monochromatic electromagnetic
impulses (numbers a; of photons) into this environment with an average input energy W.
This source is defined by an alphabet of input messages, signals {a;} ;, with a probability
distribution p; = p(a;),i = 1,2, ..., n.!> The output (whole, received) signal is created by additive
superposition of the input signal and the noise signal. The input signal 4;, within a frequency
v, is represented by the occupation number m = m(v), which equates to the number of photons
of an input field with an energy level &(v) = hv. The output signal is represented by the
occupation number ! = I(v). The noise signal, created by the number of photons emitted by
absolute black body radiation at temperature Tj, is represented by the occupation number
n = n(v). The medium values of these quantities (spectral densities of the input, noise and
output photonic stream) are denoted as 7, 7 and I. In accordance with the Planck radiation
law, the spectral density 7 of a photonic stream of absolute black body radiation at temperature
© and within frequency v, is given by the Planck distribution,

hv
) = 2O ) = 2T ) - 2O 00— RO qa)

Thus, for the average energy P of radiation at temperature © within the bandwidth Av = R™
is gained that

k%@ _ _ dP(®) n*k*0
o where (v,®) = 7(v)hv and © - a3

P(©) = /0 Vv, 0)dv = (132)

Then, for the average noise energy P; at temperature Ty, and for the average output energy P,
at temperature Tyy, both of which occur within the bandwidth Av = R is valid that

7'[2 kz Toz

7'[21(2 Twz
6h '

Pi(Ty) = &

, P(Tw) = (133)

The entropy H of radiation at temperature ¢ is derived from Clausius definition of heat entropy

and thus

¢ 1 dP(®) 46 — k8 _ 2P(9) (134)

o k@ dO 3n ko

15 To distinguish between two frequencies mutually deferring at an infinitesimally small dv is needed, in accordance
with Heisenberg uncertainty principle, a time interval spanning the infinite length of time, At — oo; analog of the
thermodynamic stationarity.
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Thus, for the entropy H; of the noise signal and for the entropy H, of the ouptut signal on the

channel £ is
_ mkTy _ 2P kT 2P,

==~ =a "= i, (135)

The information capacity Cr,,, 1, of the wide-band photonic transfer channel £ is given by the
maximal entropy defect [2, 30]) by

Iw 1 dP(©) 2k [Tw 2k
C =H, - H; = — dO® = —— dO® = — - (Tw — Tp) - 136
oty =H-H = | 15=5g 3 Jr a7, (Tw —To) (136)
For P, = P; + W, where W is the average energy of the input signal is then valid that
2127 2 21,272
ek TW ek T() 6h-W
= — Tw=Ty/1+ —— 137

Then, in accordance with (102), (103), (104) [30]

T2KT, 6h-W

7. Reverse heat cycle and transfer channel

A reverse and reversible Carnot cycle O,y starts with the isothermal expansion at temperature
To (the diathermic contact [31] is made between the system £ and the cooler B) when L is
receiving the pumped out, transferred heat AQq from the B. During the isothermal compression,
when the temperature of both the system £ and the heater A is at the same value Ty, Ty >
To > 0, the output heat AQyy is being delivered to the A

AQw = AQp +AA (139)

where AA is the input mechanical energy (work) delivered into £ during this isothermal
compression. It follows from [2, 8, 28] that when an average amount of information Al is
being recorded, transmitted, computed, etc. at temperature ©, there is a need for the average

energy AW > k- © - Al; at this case AW 2 AA. Thus Oy is considerable as a thermodynamic
model of information transfer process in the channel K = L [14]. The following values are
changes of the information entropies defined on K

A AQw
- kTw

output (é AI), H(X) S input, H(Y|X) £ 8Q0 noise (140)
kTw kTw

where k is Boltzman constant. The information transfer in K = £ is without losses caused by

the friction, noise heat (AQp, = 0) and thus H(X|Y) = 0.

By assuming that for the changes (140) and H(X|Y) = 0 the channel equation (4), (5) and (23)

is valid The result is

H(Y)

AA A
T(X;Y) = e 0= %VVVV Amax = H(X) (141)
or AQo+AA  AQy  AA
T(Y;X) = KTy KTy  KTw H(X).

16 In information units Hartley, nat, bit; H(-) = AH(-), H(-|-) = AH(:|-).
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But the other information arrangement, description of a revese Carnot cycle will be used further,
given by
AQp ~ H(X), AQw ~ H(Y) and AA ~ H(Y|X), H(X|Y) =0 (142)

In a general (reversible) discrete heat cycle O (with temperatures of its heat reservoires
changing in a discrete way) considered as a model of the information transfer process in an
transfer channel K = £ [17, 19] is, for the elementary changes H(®y) - 1| of information
t17

maxy|

entropies of £, valid tha

H(©y) “Mmaxy] k—®k “Mmaxi) k=12, .., n (143)

where n > 2 is the maximal number of its elementary Carnot cycles 0.8 The change of heat
of the system L at temperatures Oy is AQ(©).

In a general (reversible) continuous cycle O [with temperatures changing continuously, n —
co in the previous discrete system, at ® will be AQ(®)] considered as an information transfer
process in a transfer channel K = £ is valid that

20(©
dr(e) o= 29©) _ Qag)d@) daH©)= [ 220 400), ag@)= [ 50(0)do (144
(©) 4= S5 =—205— andH(0)= | S2d(0); 8Q(@)= [ 6Q

For the whole cycle Oyrer, Ty > Ty > 0, let be H(X]Y) = 0 and then

H(x) = 20w Sh) f[b 24(9) _ /Tw dH(©) = 2220 (1, 1) (145)

K K O KTyy2
() = S0 R OOnOW) W apie) = 22 (H(X) = HOY) e
Tw Tw To
H(Y|X) = H(Y) — H(X) :/0 dH(@)—/TO dH(©) =/O dH(©)
— /TO aQW S(ZO) _ ZkAT(S\,VzV Ty = 2£TQWW ,% =H(X) B
Tw To Tw
T(Y;X) = H(Y) — H(Y|X) = /0 dH(©) — /0 dH(©) = /T " dH(©)

0A(O® 2A
= o - kTQW-vmax=H<Y>-nmax=H<X>:A1
rrev W

Obviously, T(X;Y) = H(X) — H(X|Y) = T(Y|X). Further it is obvious that T(X;Y) is the
capacity Cr,,, 1, of the channel K = £ too,

CT(XY) — _ 0A©) _ [T iQw(O)
Cry1, = T(X;Y)=H(X) = j{g o - /TO 6 (146)
2A
= 200 (- o), R, = HOY)
KTy

h
17 In reality for the least elementary heat change §Q = hv is right where /i = 7 and h is Planck constant.

18 1t is provable that the Carnot cycle itself is elenentary, not dividible [18].
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7.1. Triangular heat cycle

Elementary change d® of temperature ® of the environment of the general continuous cycle O
and thus of its working medium L (both are in the diathermic contact at ©) causes the elementary
reversible change of the heat Qx(©) delivered, (radiated) into L, just about the value 6Q*(©),

Oy
50%(©) = aQ;éQ)dG, Q# (®y) = /0 aQ;(f)@))d@ (147)

The heat Q*(®y) is the whole heat delivered (reversibly) into L (at the end temperature
Oy ). For the infinitezimal heat 6Q* (©®) delivered (reversibly) into £ at temperature ® and in
accordance with the Clausius definition of heat entropy S*, [22] is valid that

6Q%(©)

0Q+(@) = © - dSx£(®), dSx.(@) = 5 (148)

For the whole change of entropy ASk,(®y), or for the entropy Sx,(®y) respectively,
delivered into the medium L by its heating within the temperature interval (0, @y ), is valid
that

00%(0®)
e) Oy —=~—dO
OQHOL_ [T 0 —seron) (49

AS% (@) = /OGW dS+ (@) :/0 _ o

when Sx,(0) 2¢F 0 is set down. By (148) for the whole heat Q*(®yy) deliverd into £ within
the temperature interval ® € (0, ®yy) also is valid that

Q)
Qx (@) = /0 " @ds«,(©) (150)
Then, by medium value theorem? is valid that Oyo,) = 0+Ow _ Ow and
Ow 2 2
S*E(@W) -
Qr(@w) = [ 0dSH(©) = [S+(Ow) ~ $+c(0)] O, (151)
*L
For the extremal values Tj a Tyy of the cooler temperature ® of O and by (151)
A To A Tw
Qt = Q«(Ty) = [ 6Q+w(©) and Quy = Qx(Tw) = [ 6Qxy(©) (152)
S*ﬁ(TQ) TO
Qo= [ @S (0) = [Src(To) ~ S=£(0)] Oy, Oy =
S*ﬁ(Tw) TW
Qe = [ ©dSHL(©) = [Sx(Tw) — $+c(0)]- Oy, O =

With Sx,(0) = 0 for the (end) temperatures ®, Ty, Tyy of £ and the relevant heats and their
entropies is valid

Qx(®) = Sx,(0O) - % and then Sx,(@)= ZQZD(@) (153)
Qs = Sk, (Tw) - Tw and then Sx,(Tyw) = 2Q0%w
2 Ty
Qxg = Sx,(Tp) - % and then Sx,(Tp) = 2%*0
0

19 Of Integral Calculus.
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For the change ASx, of the thermodynamic entropy S, of the system L, at the
tememperature © running through the interval (Ty, Tyy), by gaining heat from its environment
(the environment of the cycle O), is valid

Qrw _ Qi _ [T 6Qx(©)
il A S e

AS*£ = S*ﬁ(Tw) - S*ﬁ(To) =2 (

By (149) for the entropy S*,(®y) of L at variable temperature ® € (0,0p), O < Ty, is
gained that

_ [(Ow 9 [Sx,(©@)-©0]\dO | 1 [Ow
S%2(Ow) _/0 (% {TD 5 =2 E/o S+ () (155)
1 [Ow 1 [Ow d®
and then
Ow do Ow 2Q*(Ow)
sec@w) = [ $ep(@)% = [T asep(o) [ 2]
do
and thus S*£(®)§ = dSx*,(0O) (156)
By the result of derivation (155)-(156) for an arbitrary temperature ® of medium £ is valid
that?®
Sxp(©@)=1-0, lzng)g@) — Q%(@)=A1.-0?, A:% (157)
Obviously, from (154) for ® € (T, Tyy) is derivable that
ASep =1 (T —To) =1 Ty - (1— ), p= 7 (158)
W

Let such a reverse cycle is given that the medium £ of which takes, through the elementary
isothermal expansions at temperatures © € (T, Ty ), the whole heat AQ

AQy = /TOTW 5Q%*(0) = /Tw 10dO = é : <TW2 - Tg) = Qxpy — Q*(159)

Ty
or, with medium values

S*E(Tw)

AQp = /TOTW 50%(O) :/ 0dS+ ;- (©)

S*g(Tg)
Tw+To ,[Qtw _ Q%
2 Tw T

= Owy 5, (542 (Tw) — S*£(To)] =

and thus equivalently

To

AQo = (Tw +Tp) - A+ [Ty — To] = ATw? - (1— B%), ﬁZW

For a reverse reversible Carnot cycle Oy, equivalent with the just considered general
continuous heat cycle O, drawing up the same heat AQ, consumpting the same mechanical

» If/@dx:/df(x), or C;f(%) - %, then In|f(x)| = In|x| +InL, L >0, In|f(x)] = In(L-|x]), f(x) =
l-x, I e R
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work AA and giving, at its higher temperature t}; (the average temperature of the heater of

To+Tw
our general cycle), the same heat AQyy, is valid that AQy = AQw -y where = t2 is
14
the transform ratio.
Then
2tw [ 5 ’ 2tw
= T = — . (Tw"—To°) - =ty (Tw — T, 160
AQw AQOT()—I—TW 2(W 0)T0+Tw w - (Tw — To) (160)
To + T
BA = 8Qw- (1=7) = L+ (Tw— To) - (1= 751 ) (161)
14

l

=§’(TW—T0)'(2'5W—T0—TW)

For the elementary work dA(-, -) corresponding with the heat Q+(®) pumped out (reversibly)
from L at the (end, output) temperature © of £ and for the entropy S, (©) of the whole
environment of O (including £ with O) is valid

de _ Qx(©)F » JA(©,dO)
e ® o ®
SA(©,dO) = Sx,(0)d® = - OdO and JA(dO,dO) = - dOdO = dS*,(©)d(O) 254

Sk, (©) = dS#,(@) =1-dO (162)

(@)
(/T ld9> dO = 1-(© —Tp)d® = 6A(©,dO;Ty) (163)
0

For the whole work AA(®y;Ty) consumpted by the general reverse cycle O between
temperatures Ty and @y, being coverd by elementary cycles (162), is valid that

O 0 Ow ® Ow
AA(Ow; Ty) = / dS*ﬁ(G)} de = {/ ldG] de =1- (O — Ty)dO(164)
Ty To Ty T To
l ’ 2 [ 5 s 21 2
= 5 (Ow —T0%) =1 To(Ow —To) = 5 -On" + 5 - To" = 5 - To®w = A~ (Ow —Tp)
= 7{ 6A =A-Ty?- (1—pB)*, whenitisvalid that Oy = Ty, B = To
O@w.1p) Tw
But, then for the results for AA in (160), (161) and (164) follows that
tw = w = Tw andthen ty = Ty = const. (165)
Thus our general cycle O is of a triangle shape, O 2 O,repaWith the apexes
[1To, Tol, [ITw, Tw], [ITo, Tw] (166)
. - . 1-p 1 o .
and its efficiency is1 —y = —— = 5 " flmax- Thus, the return to the initial (starting) state of

the medium £ is possible by using the oriented abscissas (in the S — T diagram)

AN

[ITw, Tw], [ITo, Tw] and [ITy, Tw], [ To, To] (167)
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For works dA(©, d®; Tp) of elementary Carnot cycles covering cycle O,,.,a (166), the range
of their working temperatures is d® and, for the given heater temperature @ € (Ty, Q) is,
by (162)-(163) valid that

SA(®,dO; Ty) = AQw () - %9 ~1.0.(0-T) %9 —1.(0 — Ty)d® (168)
— [5+£(0) - S+(Ty)] - 4O

AQw(®) =10 (© — Tp) and for 7y used in (160) is gained that

AQo(®) = AQW(O) - 1(0) =1-0 - (0 Ty)- o0 = A (€2~ Ty?)

For the whole heats AQy a AQy being changed mutually between the working medium £
of the whole triangular cycle O,,.,» and its environment (166), and for the work AA, in its

To+ Tw
2

equivalent Carnot cycle O’} with working temperatures
that?!

and Ty, will be valid

A= TW { | sze} d0=7 Ty (1—/32)A=W[=l (T =To) To+ 5 - (T —To)*(169)

TW Tw
AQW:/T [/0 ldO]d@zl-(Tw—To)'Tw:l'Twz'(l—ﬁ)

T;
AA = L W[

Tw _ 2 2
A / Zde}d@)_-ZTw C(1—B)—1-Ty?-(1—p) (170)

Ty

N —

L Tw? (1= p) L= 5 (4B = 5 T (1= pP = o4

7.2. Capacity corections for wide-band photonic transfer channel

The average output energy P,(®yy) of the message being received within interval (0, Tyy) of
the temperature © of the medium £ = Ky _ from [30], when 0 < ®y < O < O and Oy < Tj
and Oy < Ty are valid, is given by the sum of the input average energy W(®yp, ®g) and the
average energy P;(Qg) of the additive noise

P (®w) = P1(©p) + W(Ow, ®p) (171)

The output message bears the whole average output information Hp(®w). By the medium

value theorem is possible, for a certain maximal temperature @y < Ty of the temperature

© € (0,0y), consider that the receiving of the output message is performed at the average
Ow

(constant) temperature @y = - Then for the whole change of the output information

entropy AH; 2 Hy (O ) [the thermodynamic entropy S#, (O ) in information units] is valid

_ P(®y) _ Pi(&y) +l(®w,®()) A Hy (O, ®) + HW (O, ®)]  (172)

H>,(® -
2(Ow) KB B

232 242
21 Further it willbe layed down A = %, I= % =2-A
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By (153) is valid that Q% (®) = A®? and §Q%(®) = I@d®. Thus for ® € (0,Ty) a ® €
(0, Tyy) is valid

_00x(Oy) 1 _ 2/0de
dHg, (Y) = oy kd®w, dHg,, (Y|X) = KOy (173)
T
With O = Ty and ©g = Tj and with the reducing temperature TW is possible to write
Py=W4D 2 Qspy=ATW2 2 Y (174)
A Tw | ! P,  2W+P) 2ATR? Ty
2 (¥) /o 40w = Tw P KTw KTw k
P 2 Qxg = AT2 2 YIX
A T 210dO ! » P 2ATy?  ITy?
W = Qi — O%g = X
A 144 2A
H[W(Tw, To)] = H(X) = - (Tw? - Tp?) (175)

N kDv KTy

By the channel equation (4), (5) and by equations (23)-(24) and also by definitions (174)-(175)
and with the loss entropy H(X|Y) = 0 it must be valid for the transinformation T(-; -) that

l

T(Y;X) = H(Y) — HY[X) = &+ (T = To) - (14 ) = H(X) (176
T(X;Y) = H(X) — H(X|Y) = H(X) = T(X,Y) and by using [ — % B = TT_VOV

%k o Tk
T(Y; X) = =7, W (1-p°) = = W (1-8)-(1+B)=Cr,w(Kr-r) (1+8)

For the given extremal temperatures Ty, Ty the value T(X;Y) stated this way is the only
one, and thus also, it is the information capacity C'r, 1,, (W) of the channel Ky _y, (the first

correction)
kT, 6h- W
C’ =(W)=T(X;Y) = : 14— —1|-(1+ 177
TO/TW ( ) ( ) 3]’1 7_[21(2,1—.02 ( ﬁ) ( )

The information capacity correction (177) of the wide-band photonic channel K;_p [30],
stated this way, is (1 + B)-times higher than the formulas (102) and (138) say. The reason is

in using two different information descriptions of the oriented abscissa [10,0], [[Ty, Tw] in

derivation (138) and (177) which abscissa [0, 0], [I Ty, TW] is on one line in S — T diagram and
is composed from two oriented abscissas,

AN

[10/ O],[lTo, TO] and [l TO/ TO]/ [ZTW/ TW] (178)

The first abscissa represents the phase of noise generation and the second one the phase of input
signal generation. The whole composed abscissa represents the phase of whole output signal
generation.
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For the sustaining, in the sense repeatable, cyclical information transfer, the renewal of the
initial or starting state of the transfer channel Ky _| = £, after any individual information
transfer act - the sending input and receiving output message has been accomplished, is
needed.

Nevertheless, in derivations of the formulas (102), (177) and (138) this return of the physical
medium L, after accomplishing any individual information transfer act, into the starting state
is either not considered, or, on the contrary, is considered, but by that the whole transfer
chain is opened to cover the energetic needs for this return transition from another, outer
resources than from those ones within the transfer chain itself. In both these two cases
the channel equation is fulfilled. This enables any individual act of information transfer be
realized by external and forced out, repeated starting of each this individual transfer act.?? 23

If for the creation of a cycle the resources of the transfer chain are used only, the need
for another correction, this time in (177) arises. To express it it will be used the full cyclical
thermodynamic analogy K of Ky _1 used cyclically, K't 1. The information transfer will be
modeled by the cyclical thermodynamic process O, s of reversible changes in the channel
K = K'L | 2 £ and without opening the transfer chain. (Also K = K'g_g).

7.2.1. Return of transfer medium into initial state, second correction

Now the further correction for capacity formulas (102), (138) and (177) will be dealt with for
that case that the return of the medium £ into its initial, starting state is performed within the
transfer chain only. It will be envisiged by a triangular reverse heat cycle O,,,, created by the
oriented abscissas within the apexes in the S — T diagram (166), [Ty, To], [ITw, Tw], [ To, Tw]-
The abstract experiment from [30] will be now, formally and as an analogy, realized by this
reverse and reversible heat cycle O,,,on = O'4ren, described informationaly, and thought as
modeling information transfer process in a channel K = K’ 1-1/B—E = L. Thus the denotation
K = K is usable. By (153)-(157) it will be

L ! !
Q(0) = —g— =5-0% Qi =5 Tn’ Qs =5 To’ (179)

The working temperature @ of cooling and Oy of heating are changing by (157),
1
[
and the heat entropy S*,(®) of the medium £ is changing by (155)-(156),

Oy = S*L(@)O) € <T(), Tw> and Oy = Ty = const. (180)

_9Qx(@) o 1 _ o 20x(0)
dSx*, = Td@ o) and then Sx,(©®) =1-0 = ~6 (181)
Using integral (149) it is possible to write that
(©) (C) (©)
0+ (@) = / 50%(8) = / 0Q+(6) 4 / 1046 (182)
0 0 a0 0

22 For these both cases is not possible to construct a construction-relevant heat cycles described in a proper information way.
2 But the modeling by the direct cycle such as in (128) is possible for the I1. Principle of Thermodynamics is valid in any
case and giving the possibility of the cycle description.
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For the whole heats AQ( and AQyy being changed mutually between £ with the cycle O, A
and its environment and, for the whole work AA for the equivalent Carnot cycle O, with

To+ T
working temperatures % and Ty is valid, by (169)-(170), that

W=aQ =5 Tw> (1-F)2X AQu=1T’ 1-p2Y (s

l A
AQw —AQy = AA = 5 - Ty?- (1- ) = Y|X
For the whole work AA delivered into the cycle O,,,,x, at the temperature Ty, and the

entropy S, of its working medium £ is valid

AA ]{ SA /TW de
Tw Ho - 184
TW rre'uA TW To ( 0) TW ( )
0A 1 Tw Tw de Tw doe

=5 dS#(0)| = = / S+ (Tow) — S o (T

%mm Tw 21 [/To * )} Tw 1, [Sxc(Tw) — S#2(To)] 5 T
_ ! 1 ,»  AA
= o7, (W= To)* =5 Tw (1-B)* = T

Following (4), (5) and (23) and the triangular shape of the cycle O,,,,», the changes of
information entropies by expressions (142), (169)-(170) are defined, valid for the equivalent
—d@ (185)

O/rrevM/ see (142),
Def AQp / /®
H(X) = —/— = Id
(X) kTw J1, To 0 KTy
HO) = gt = ) —k = o —kde@)
Def AA 1 (Tw /TW(SQ*U 1 Tw /Twlde 1 e
kTW 2 To To 9 kTW 2 To kTW

T(Y;X) = H(Y)— H(Y|X) = — / [ ™o TT de} 4@

®5Q*
]k

H(Y[X) =

2kTyy
2
and by figguring these formulas with | = 7; p is gained that
! kT
H(X) = 5 Tw- (1= ) = =g - (1-5)
! kT,
HY) = Tw (1-p) = =5 (1-5)

! m2kTh SA
HYIX) = g Tw-(-p = ot —pP= oo

T(V;X) = L Tw- (1= B) = o T -(L—p)2 = 5 T - (1-B) - 21+ p)

2
B 2lk (1-p%) = n;;W'(l—ﬁZhH(X):T(X;Y)

H(X|Y) = 0

2% In accordance with the input energy delivered and the extremal temperatures used in [30].
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It is visible that the quantity H(Y) [= H(X) + H(Y|X)] is introduced correctly, for by (185) is
valid that

H(Y) = o0 T (1= B2+ o T (1= ) = o T - (1= B) - (1- f+ 1+ B189)

:é'TW'O_,B)

For the transinformation and the information capacity of the transfer organized this way is
valid (177),
1
T(X;Y) = EC’TO,TW(W) (187)

With the extremal temperatures Ty and Tyy the information capacity CxT, 1,, (W) is given by

T(X;Y) = Cx7,1,,(W) and then C"* = lim Cx, 1, (W) = H(Y) (188)
! To—Tw !
From the difference AQ 2 W = Qx¢— Qxp (in £) follows that the temperature
6h-W
Tw=Ty |1+ ———.
W 0 7'L’2k2T()2

Then, for the transinformation, in the same way as in (187), is now valid

’k N Pk 1+8 m%kTy 6h - W 1+8
TOGY) =g (1 F) = G (T =Ty 5= = S0 ([l s =)=

(189)

The transiformation T(X;Y) is the capacity C(K ) and it is possible to write

KT, 6h- W
T(X;Y) = C(Kp) = Cxp,, 1, (W) = 6hTV;) /1t 2T 1] (To+Tw) (190)

W W A
= C(K'L_rp_g)

= C*TW(W> = m = C*TO(W) = 6h W
KTy - (/1 + W
qs 0

which value is 2 x less than (177) and

2
X less than (138).
1+ 8 (138)
For Ty — 0 the quantum approximation C(W) of the capacity Cxr, 1, (W) is obtained,
independent on the noise energy (the noise power deminishes near the abslute 0° K)

2T W %kT, W
p— 1 —_— — . f— . JE— 1
C(W) ]101210 <\/ oy + o o 1+B)=m \/6h (191)

The classical aproximation Ct, (W) of Cxr, 1,, (W) is gained for Tp > 0. This value is near
Shannon capacity of the wide-band Gaussian channel with noise energy kT and with the
whole average input energy (energy) W; in the same way as in (104) is now gained

) Q4B =g 4B g (92)

. kT, [ 3h-W
CTo (W) = 6h <7T2k2T02
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The mutual difference of results (189) and and (102), (138) [12, 30] is given by the necessity of
the returning the transfer medium, the channel K, = K’ L-1/p—t = £ into its initial state
after each individual information transfer act has been accomplished and, by the relevant
temperatutre reducing of the heat AQy [by Ty in (183)-(189)]. Thus, our thermodynamic
cyclical model Kn = O,,a for the repeatible information transfer through the channel
K’ -1k is of the information capacity (189), while in [12, 30] the information capacity of

the one-act information transfer is stated.?> By (189) the whole energy costs for the cyclical
information transfer considered is countable.?®

8. Conclusion

After each completed "transmission of an input message and receipt of an output message’
(‘one-act’ transfer) the transferring system must be reverted to its starting state, otherwise the
constant (in the sense repeatable) flow of information could not exist. The author believes
that either the opening of the chain was presupposed in the original derivation in [30], or
that the return of transferring system to its starting state was not considered at all, it was not
counted-in. In our derivations this needed state transition is considered be powered within
the transfer chain itself, without its openning. Although our derivation of the information
capacity for a cyclical case (using the cyclic thermodynamic model) results in a lower value
than the original one it seems to be more exact and its result as more precise from the theoretic
point of view, extending and not ceasing the previous, original result [12, 30] which remains of
its technology-drawing value. Also it forces us in being aware and respecting of the global costs
for (any) communication and its evaluation and, as such, it is of a gnoseologic character.
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