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1 INIROTACTION

In this paper the mathematlcal theory of com-
mniestion i uesd as a model to explain economic
activity. In this model the defloivion of infor-
mition 1o given ag s Function of alternatives
chosen from groups of ponsibilitles. Commnindcs-
tion theory cancarns f56elf with the flow of
thoee types of laformatico in which avernges cem
pe 1dentifisd, Eccnowmie astivity is postulated
o consizt of the copennication of chafess to the
ghvironment in o manner caloulated o paximize
real jocoma. A5 such E% becomes 8 subclass of
the theory of commnication and therelore the
theprens daveloped for sommunicatlon theory oan
be axproted o Aapnly to econcmis activity. HEn-
tropy, selative eotoopy, redundoncy and equlvoon-
tiom are the terms in which thet theory 18 de-
Tiped. The most Important concepts bearing oo
qgur problem and considersd ic these theorens are
thnti

(1) In the presence of noisa eVery wersege be-
cemeg disorganized wlth hime;

{2) Reduwodancy in a message can practically
overcooe the effects of disorganization;

{3} Tne minimm guantity of redundency oe-
copsary for such o purppoe czo b akigned &
defind te valwe.

Within the framework of the theoiy, fconomlc
sotivity 1= shown to he o process of tWo-va)y Som-
munication. The money supply hes the statistical
properties of an entropy-ceryyling channel, Wwhile
tha untt of money hasg those of o medenge. The
fivat copcept abuve therefore indiceates that in
the prespnce of polse a fully balaneed hudget
laade to discrganizaticn of the economy. The
Eocomd copeept impliea that it i possible $o
ptabilize 3he sconomy oT to prooete ite Lrowth
by providing an ever-expandfing money supply. The
third concept 1wplies the lgw of dimiplahing re-
turns .

The code carrled by moooy is ahown to be the
measure of rmal Incompe and to bo sublectlwely de-
termined a8 & result of trial and epgor. Bocguse
of the changing suvironment [nofze}, this code
mist sontinvally be relesromd. Belsarning la
shown o be anglsgous to overcomdng eguivocatlon.
Inflation, daflistion, unemployoent and prosperity
are analyzed 1o terms of Ihe properties of the
monsy Supply ad a commnicstion chennal. The
wdtk of the channel) can ba correiated with the
political structura of the ee:ﬂum.lﬁ aystem, The
laws of supply atd dexand ant Soy’s Law are 8k
to e conditional corollaries of communlcation
theary.  They are shovn to hedd uder certain
comditions only eoll often they do oot apply.
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Dtrzeonde Divislon

A theorem ig deplved which suggests that
real imcome can onity bte meictained 1 the Dooey’
supply inermasos contibusliy aceording to an ex-
pooential fucction. Just as Shannon's T
give g limiting condition, that i3; the grestest
passible efficiency 1o the use of additionsl en-
tropy as yedundancy to overcome ooise, &o this
functicn likewlas gpocifies & porfect Limdt, an
approachabie but unattainsbls 1denl. It Eerves,
therefars, s purpoas asslagous tn that of the
Carnot cyole which Iikewiae 15 umeful Tatnufe it
defines a 1imiting ofTiciency.

Btatigtice] recordes of ecopomic dehavior are
presented to demonetrate thet wilthin 3w pericds
in which theee statistical dete woere taken, the
expeoted function wms approsched. Other histord-
cal exnmples, loslwding rore excepblicos predict-
able From probabdlity coosideraticos are aleo
cited. Examples are fnsloded showlsg how nolge-
induced discrganlzations of mopey actually todk
place. The nstwre of world trede 18 sléo Shitm
to be consistent with the medel, with the fuyrther
Lppliention thet an ever-expanding interoationsd
money supply ehould be created for this pupose.

Tt is demonatrated that ot forwme of toxa-
tico can b axpected to introduce equlwvocaticno
into the woney cheanrel, &o that for cach fax
dollar mevre then ooe Aclisy miet be restored to
the zootomy Just to malntefs It. Likawlse, the
poEt war behevior of Buraopean economlies 1z shovm
ta b congistent with the presept theory. Thui,
comprnication theoty rocomitendg 1%self ag & basls
for the formulation of sownd flacal pelley.

The ralatisnehiy of the mmber of tusfinessx
fivms to the pumber of peaple thay contain i# do-
rived and Ffoued to be In close apreemect with
Departent of Cowperwe statisties. Thie io ob-
toined by postulating that the rate of entropy
disorgeoization, dus o raadom change, 1s dis-
tributed in a frequency spectrum somewhat ansis-
geus to white oolse, 1.¢., all frequencies of
disorganizetion being equally itkely, mml ac
avergge time for an organlzation Lo meact, that
it the average of all the pesaible ways Io which
the meglers of an organizatics sy coatribute an
egual share of oatropy i sequence, The game
derivation 1z then uaed &0 lmpiy the fallacy of
the socialfst deekrine. The derivation further
loplizs that the malfunctioming of the Bovlet
Ecopomy 1o to bo expected bHoth 1o kind end de-
Erie .

The justificatioo of the economle eycle ls
alaa showno as Dollowing from the above anelytls.



Aamzpes that the sccowmy srbsnde i1 B Simap-
sions (comporents), mnd that these coeponants
have the Doamures My, Mz, My, My, « « « « =, Por
ekl crganizaticn the entropy describing the
cotetralota would likewise bw o marimam for com
artdtrarily constant weighted sum of thess compoo-
antd. Wa are, therefore, faced with the foliowing
comtition. If A be the welghiing of tm ith com-

II PURMULATION OF TAE PRCALEM 1IN THE LARGUAGE COF

If wo try %0 analyze the procese of beariog
a ¢opmunlcation such ag a telapheos meesage atd
cotpara 1t with the procesd of ocomiming goods
and services such aa, for instarce, an appls token
from a fruit bovl on & table, e find that they

hatve much in common.  Although it io0 mot obvicus
that an shalagy shvnald sxist bebweon the socwsls
wa bhear oo the telsphons and the apple wa taka
froa the bowl, 1% Is the mupose of this paper to
demonetmate that thare iz indesd m aigniTicant
analogy dn that btoth procsasss can be degeribed
ip the terme of the mathematical thaory of co-

mzvieaticn.

Two recent papers, oot by Kochen and the
othar by Rothetelnd would indicate that suech an
iscmorphize might be axpectsd. Esra wa shall try
t0 demonstrate its axistance.

III THE ENTROFY LIMITATION - THE ENTROFY-OUTFUT

In the phyajcal realm, the economlc etruc-
ture can bo considered to exiet in a ouber of
oxthogonal dimansisos. Thase dlmsenglops are the
chemical =lopente and energy, and iha inforesmtion
{entropy) necossary to organize matter and epergy
intoc uselul forms. The slaxentn are arthogonslly
reiatad becaas sach ¢an be independently identi-
Ticd and becauss tha sxtent of sich 1o any real
ELructure Lende Itaall to wspauresent in £xactly
tha Eatic vy s the axtent of & geometric etruc-
ture in sach of haight, or width, or bresdth can
be wmamured independently of the cther twe diman-
sdond. Thus, Tor esample, the quantity of hydro-
Z=0 in o structure cah be setasured Independently
of the other elements 1t contaloe, amd more hy-
drogen may te physically stteched 1o the pbruc-
ture without adding move of any other alemapt.

The economic stbucturw ressmblas s geooeirle
structure in opoother wny. It will bhe schosna that
it tepde %o have a mpacific identity ifnsofpr oo
fts extensiont In oll Inflepende=nt dimencicns ars
interrelated in sote definable way. Thus, for
#xXample, in the purely geomstric rosaln, o cubs 12
charsctaiized as axtacdityg agually in all threa
digeoaicns. Other apecific geomatric forms have
eimdley chmracteriatic propertios. The eccoomic
etructure cap be shown %o be spacifically d=fin-
able because It 14 organized for a specific pur-
poai. It can be posatulated that this purposs; en
Tar 48 sach L031vidual 14 condarned, 1a the zaxd-
mization of real incoms. This purposs d&7inas
the optimm structure of the sconomic mystam,

Buthﬂai:fm pointed out that a ssasurs of
the amount of organitaticm ls tha reduction in
entropy from the completaly wiorgmndzed condition,
becavae of the constradnts pecessary for organies-
tioti, Thue, a measure of the organdzation of a
structure 1a the entropy oecessary to describe the
constyninty fotroduced In the prooeas of crganis
ing apd interrelating its cowoomnsnts.
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pooent wa have !
(1) A,Mj‘*ﬂq--&m;;"ﬂaln:j‘_m-' ':S
(2} H=Ff{M, M:J,Ma“ - D=May,

Taking Derivativea

(2 %Aagglmﬁm +Z EM;=0
@) = (A TR, A)EM=0
() H=Z 2 M;

T

Gince tha Lagrange nnu.upll.m-j. is an mrbi-
trary constant, emy other constrwmints on ¥ will
merely limit the mnge from which A can be chosas.
Iat us now iopose another conftraint on the oys-
tem. We postulated that the entropy associatsd
with the organization of the syatem mast changs
ag the organitation chang=s. DBecauss of rendon
change iphzrant in uneontpolled epergr, the or-
ganizetiom and Ilkewine the antropy assodintsd
with 1t iz continually tanding to disorganizsa at
a rate T. JIn order to maintaln vhat ergandzatiom
mdsta, we are contimally reorganizing at & rate
of f,, From (5}, and assuming such rendom changs
ot & unifors average rate § wniformly distributed
abong the components, 1t would follow that BE -
H"'I' where K,, 18 a coustant.

In cader for the arganization, thereforw, to
mintaln Itee)f, in scow cobditlon other than pure
randomEneas e wmht:

© T <7,
Urder these copditisos (subject to the constraint
T} we aleo want the sntropy H to be a ]
This would thattham:ugeﬂuuhinhxm
be chosen 48 £ (T, T, t). Op,

(01 =3 Aﬂf (T, T el

(7) 124 in the nature of mo existence theorem
gince 1t conly talls what we might expect usder
maximm organizaticn but ot how to get it.  How-
ever, 1t fallowm from {7) that the anteopy unler
conditions of mucipum orgendzation can be axpecisd
o be dlrestly proportionel to the massure of each
cooponent within thw sconcmy. We will poatulate
that such is the case, and £41) equaticne (7)) the
frn outpet postulate, This equmtion indicates
that extent of the acopomic orgenization in




the entropy dinension dAetarmines Its extent ino the
others, Just as 1te =atent ls the othsr» disemeions
{under the abowe copditiom of mascimom organization}
would determine fte sntropy.

We can now postulate that the extent of the
ecoromlc structure in any dimension cannot axcesd
that of its contalmay.

Bere a brilel anslysls shows the dimsnalon
that limites the sconcolc sirusture apd therefors
the amount of our ecopomlc well belng., W are not
imited it sur grovwth by the chemical slepeote. If
we consider only the earth, 1t iz 8,007 piles in
dimpetsr and we have barely sorsped ite surfacs.
Bimllar copglderantionie apply to each ingividusl
vhamical el=sment. It 18, thersfore, inconssivable
that the chewmicenl reals bottlepecks ug. Ne are
oot limited in the eoergy we have available, sincs
the sun Zende donp on us several hundred thousand
times the epergy we ure for all our jurpasss. The
bottlenesk thersfore 1i=5 1n the remaioing dimen-
aion, that 1z, the oie Deasursd in terme of
eotropy; the information peceseary Lo oreandze the
eeconcay for our pead.

If, iogtead of the maximum orgasization we
postulats oy wore probably attaimsble organiza-
tion ¥hose average efficlency i eome fracticn E
of the maximum equation T becomen:

mM
® H=E Z zACT,Te)
and the eptropy cutpet pootulate would st111 apply.

E=t us, thersfope, stvdy that dimension slnce
({postulating froe uil.lf! it is within owr power o
extend Lt ard thereby harness tore of the almoet
limitless epergy and mmttar at cur dieposal for &
mare satislylng economy.

IV SYNSRGY - THE SIRGSING OF ENTROFY

Symergy Is a term bRorrowed fream theglopy. It
1z equalily well sylted, however, o describe the
process that concerns ws in this paper. Synergy
ig deficed g8 the conditicn where 8 number of in-
dividusl cosperating, create Dore than the aum of
what cab b abtalined with esch octing indIvidually,

We kmov Intultively that such a copdition =x-
i5t8 a8, for ingtanse in marrvisge or in the more
abstract foyms of comounicatlicon where the ogopera-
ticn of p tesm giver more than the sum of each
acting alene. We, therefore, would expect to de-
rive such a copdltlon in terms of the entropy
deseriving the constroaints of an organfzation.
That Fich x considerntlicon exiets cap b= showm ap
follows:

Let up Flret take an wneaphisticated approach
o this problem. As:ooe there £ 8 physilcal
aguree of wealth fush A3 wranlum or some new and
degireble method to be discovercd that can bemelit
&ll- It le obviouz that if tooperation and com-
martlcation did not exist between ug, each of us
would b reguired tp find 8 spurce of wealth by
himself 1f he peeded 1t, wheress If cooperation

it

ard comminiention existad one man could be dales
gated to Fip? 1t and he could communicate his
findings to all. Cepernlly the communication of
his findinge wvould regquise negilizible eptropy io
comparingn to the entropy expanded In the search.
Therefore, the saving of entropy would be alegst
directly ny the pumher of ipdividurle cooperating
in the ehlarprise; i.«., the entropy per unsit
cutput should therefors yary inverssly ss the num-
ber of cocparmting entities. This can alss be
ahenit in a slightly difterent mepmer. Let the
gverage rate of docisiona per individual = ptnif
Tet the nusver of individuals be W, The rate of
hite (ot necwsearily essoclated) for all the in-
gividuale T Wn. The individusl can, thersfore,
gelect from 2" wqually likely alternatives per
sacond and the probavility of such & selection
=277, Sines the ¥ indtviduals acting iodepend-
ently ¢an mnke W such stlacticons per secord, the
probability of thelr sslection becomas {7 The
entropy assouigted with this probebility ie

H=nalogW

The ¥ individusls completely organtzed would
anlsc generate Wo bits of estropy. but since thie
entropy could be brganl.&e& for & slogle selection,
it could select from 2 U5 Since the probability
of this seleetion 52777 itn entropy would be
W Thus, the retic of entroples put into the
gelaction of an economlc organiration ehould yarsy
{under the best conditiuns} almcat directly se the
rnaber of Individupls irvelved. Assuming the en.
tropy cutpui postulats, the output should very
likewise,

Even under ottalnable condltlons of organiza-
ticn congiderably less efficient thasr the maxienms,
the quantity of things organized for use should io-
£resss for ah organised team. An orpanized economy
le, therefore, & desirable goal.

Yodevar, crganized cooperation betvesn ipdi-
¥idunle requires compumicaticon among the mesbers
of an organizstlon. Although this commanieation
Eay take many forms, 1t mipht be sxpected that the
tore efficient the comsunication, the better the
team work and the greater the rewnrd. Thiz vould
sled fnllew from the postulated constralnt of the
eeonomy; that a tepdency for dinorgandzation
varies Qireectly with the quantity of things cx-
gatlzed, mod an eguivalent quantity of entropy to
that bedng disorganized mist ke continually re-
suppliiad by commanication to malntain whatover
orgapization exists. Let ue sxamine the proper-
ties of such commmication in bore dotmil.

¥ THE MEASURE (F ERTROPY

Chart 1.

The following chart shonid help us Turther
ty develop the analogy between the reception of
B communleation and the recepticn of goodes and
servines. Horre at the three levels of analysis
Wi compare the progess presently desceribed by in-
foruptlon theory with thoss whick fmll into the
realim of ecorcwic theory.



Level of Information Econcmlc Theory
Asalysis Thsory
1. Physlcal Fhyslical FPhysical Gooda
Realm Messago ‘and Bervices
2. Abstract Falative values Felative Valuss
" Yalues of physical of Goods and
Measagen

Logical bridges connecting
ammlysie levels 2 and 3

3. Meagpure of Imformation Con-
Valoss tent defined in
terms of decision
BEQUEenCes

Decision Begquan-
ced lsomorphic
ta InTormatlon
content

The empirical fact that for any individual or
group a set of valuss ig sstablishad through usags
and custom, provides the Justification for golng
from the physical resalm to the realm of abstract
valuesd. A useful theory requires the further as-
sumption of a scale for measuring these values.

In information theory, the value or inforsation
contant of & mesgape 18 naturally but arbitrarily
definsd in terms of decision ssquences, a dafini-
ticn Justified -by the success of the theory. In
the following section it will be eatablished that
A patural mesguwre of the relative value of goods
and ssrvices can alsc ba given in terms of declsion
sequances, end that thoss decision seqQuences are
lsamorphdc to thelr selactive information comtent.

VI ESTABLISHMERT OF VALUE MEASURE

We can ¢opaider this problem from two diffen
ent view pointa, the producer and copsumer.

{1) FRODUCER COSTS

Let us first consider it fram the view point
of the producer. The producer is natwrally inter-
ested in the cost of production and 1t is patural
Tor him to equate value with cost. Bupposs wve try
to build a reasonable postulate for his values in
terme of probablility. At this point 1% 18 pecess-
ary to defins probabllity as we use 1t hers. To do
80 lat us start with an slemeptary economic conoept.
¥hen we pay a man for his labor (in its broadest
sense)] v= pay him for the organization he puts into

power. Wa can detarmine the number of neurons in-
volved, and knowing that aach péuron hae a y=8 or

o behavior as well ae a definits tims interval for
its acticn, ve can got a direct measure of the mum-
ber of bite of sntropy such lshor pute into organ-
izing the sovironment. For our problem, 1t 1s not
nacessary to mow what this mawber is; it is pere-
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1y neceseary to kpow that 1t-ia a definite oumber
in each individusl case. Wa can then postulate
that in & large ssquencs it will approach a de-
Tinite average mmber of blts per unit time,

().

When We pay money for labor (M) the cost of
A undt of labor we find that in & lorge sequence
we are paylng for the sum of some function of the
muscle power, (W), and decisions (H).

{1) where N is the mumber
of undts of labor be-
M,= s fc """:r,;“i] ing paid for.
N

Bince we lmow that on & commarcial senle we
¢an pay for the power we use independently of
what wa do with it, it gesms reasonabls that we
can coneldar the muscls povar indepsndently of
decisions. Whatever cost there ig above thet of
pover mast pay for the entropy, that is for 11
the decisions labor supplies. 3ince it has been
determinad that a laborar generates an avarsge of
less than twenty watte with his muscles and power
costs less than 5¢ per K.W.H., the power comes to
less than a cent a day. His pay is; ther=fore;
esgeptially for hig declsicns. This is further
boroe cut becausas even in the Sost of pover we
fipd we pay for the dacisicns that crganize the
envircnment by bripnging the prime mover and fusl
togother in the proper order. We can, therefore,

write
{‘2) where K is an arbitrary
copstant that depends
on the Miles of the gase
HML*H and is o conctant for !

any one sat of rulea, 1.e.,
in any ergodic realm.

Eince in any large saquence of economic affairs
there ia an average cost of labor {i.e., mooey
per unit labor per unit of time) equal to My, and
and since in any largs sequence such labor cost is
& definite parcentage (B} of tha total (M) mcmey
per unit of time per oan employed we can write-

(3) BKMr=H Where Mz BM,
(4) EH ﬁr—r Entropy of maney Unit.
4.9 27°" Minumom probability of maney

rmt

We willl also postulate that the ecooomy
is made up of an ensemble of such soquences with
enough ergodicity so that the averages can be de=
pended on for practical purposes. Money ocan,
therefore, be msasured io terms of entropy, and
its patural unit is the bit.

However, the money supply contintially re-
cycles in say o transactions per year on the
avarage, and sach unilt of mooey buys KB bits of
information (dscisions that go to organize the
envirooment) during each transaction. From the
above and the Entropy-cutput postulates it follows



small. The ©03%t, however, of the two engloes
should be double the cost, of one. We would, there-
fore, expect cost to increase directly as the

distributed, so that he can obtain the most of the
decisions of other people for his money.

W C=3 FC;

(@ H=2F log P}

3 ZR =1

{4) Since we want ?‘H-fmﬁu‘

» =0 e §P=0
Using the Lagrange muliiplier
'r*i'ﬁqgﬂ' "%* )q.=(j
Giving the variational equation

togh - L ¢, +AHH1=0

(€)

(8} P; is the
entropy [Eﬂ of the ith symbol (item).
H H distribution
constant

This derivation implies that the costs the
consumer would distribute 1f he tried to maximize

entropy he received for his money would vary
directly as the distribution of entropy. In other
words, for any item or service his cost should be

o the it coo .

¥

& mumber of Interesting amplications.
average cost per item can be expacted to bear the

tion to the total wealth, as the aversge
symbol {item) to the total selective en-
_ Furthermors the derivation
consuser tends to order the pro-

ntropy to an item a8 1ts probability in the

we would expect gquantity
uze prices. The deriva-

if we congider the
average 1tem symbolic of the selective entropy it
it o gymbol will con-

iz a ratic that requires some conaidern-
tion. It is obvious that the ratio depends Bome-
what on arbitrary conditions. Thus, if the con-
smer were given twice as much printed money to



the implications.
Informstion Realm Bconomic Realm Justificstion
1. Information Human Consclous- Generator of
Soures ness Entropy
2+ Transmitter Producer Impressing
the Entropy
oo the Fhysi-
cal Environ-
ment
3. Channal Economy Flow of En-
tropy lovolved
in flow of
goods and Ber-
vices
. Recediver Consumar Receivea the
Entropy in-
volved in
goods and Ear-
Yicesg
5. Destination Buman Conscious- THilize s the
ness © received En-
tropy
6. Entropy Decision Be-
queEncE
T Information Ugeful Decision
Bequences for
actual or poten-
tial econmmic
organization
8. Noize Eovironmental
* Ddsturbances
causing disor-
ganization and
wasteful decisionn
9. Transmitted Produced poods and
Information garvices
10.Becelved In- TEilized Produc-
formation ticn

Waste and Eguivecation 1s

gpoilape  the difference
hatwesn trans-
mitted and re-
ecelvad informa-
tion

11. Eguivocatlion

12. Redundancy Increased
. number of
’ decision sa=
quences for
8 given re-
Bult

Maxcimm Goods

and services
{decision sa-
guences) that
can be carried
by the econosy
from producer
1o congumer

produced goods
wear cut and

spodl

13, Channel
Capacity

VILL THE BCOROMIG CHANMEL

In considering entropy limitation, we postu-
lsted that an inberent constraint of the econcmic
eystem is its tendency for disorganization dus to
uneontrolled random energy. That energy coming
from the sun is about 200,000 times as mich as we
uge for all our purposes and is contimually tend-
ing to tear down whataver tion we put in-
to the economy. To counteract that disorganizing
tendency, we are continually reorganizing with the
energy &t our control. Thus we might expect a
eircult of organizational flow shown in 1ts most

sizplified form in figure la.

Fig. la
ig=—=
| T

[T pisorganizing Entropy
[",\‘,‘ Organizing Entropy

Because of the tendency of random change to
digorganize, the constraints necessary for organ-
mmm;?ﬂm:::'hhq nizatt poar
& lsorganization rate pos-
tulate). Information theory has given us certain
concepts about the flow of entropy. BSsveral im-
portant theorems are derivable from these concepts.
m_thnmnwrmm-nﬂJHIm

l.mm“rTmMmem
that when random change 1z added to information
some information is always lost. Thus every com-
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nel to be free Trom disturbances such as may be
caused by random change.

IX THE QUESTION OF CONSERVATION

Since random change is alvays cccurring,
such a logsless condition ie not possible. Yet
guch maintenance of the entropy flow is necegsary
for the economy to axist.
gnother poseibility for maintaining the clreult,
that iz, if the producer and consumer between them
resupply more entropy than they receive so that
they resupply whatever is lost in the channel due
to its random effects. This possibility (in its
more general form) is the oaly way such a clreult
can be expected to maintain itself in & real vorld
where an improbable pessage in & nolsy channel
mist lose its information content.

resupplying of eatropy loss due to the
improbability of the message) possibility can take
either of two forms or & cosbination of both:

1. The producer can produce more than he gets
paid for.

2. The consumer can pay more than he receiven
by creatiog more mopey for the purpode.

The first alternative is much more difficult
complish than the sacond since it involves

g
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duction matrix be desires and a forced changs in
one alement of a complex productive matrix peed
not as readily cause & further loes of entropy.

X THE INCREASING MONEY SUPPLY

Sinece increasing the money supply seems a
more reasonable waf of maintalning the channel,
it is worthwhile to examipe the scope and the
limitations of this method. The entropy in the
channel has walue only if both the consumer and
producer are able to wtllize it and thereby main-
tain it in the channel. Thus, the producer mast
work for the money he receives and the consumer
must value the producers' work enough to pay for
it. If be does not pay; the entropy oever com-
pletes its cyele. In economic terms there is no
reciprocation of value and, therefore, such trans-
actions cannot maintsin themselves. The producsr
goes out of business.

Each, therefore, must serve as a transducer
for the entropy the other supplies. He must be
able to extract the entropy he receives from a
matrix and pass it on ln & different form. This
Wmtﬂmﬁhﬂuﬂmhﬂima

Understanding a code is merely understanding
the significance of the cholees inwvolved. Ta the
case of the entropy of a unit of money, the
choleea involved represent the work that is put
into the environment bty the rest of the sconomy
The significance of the cholees is that Af the
cholees are correct, real income will be maximized
by cbtaining the best it betwesn the environment
and ourselves. The epvironmepnt will be best or-
ganized for the well-being of the person who re-
ceived and apent the money.

That iz similar to the property of any coda.
The eptropy that carries the code presents the re-
ceiver with definite cholces. These cholces can
be broken down into dichetic cholces, yes or oo
cholces between equally likely poasibllities. In
information theory interpreting the cholces cor-
rectly reduces uncertainty and therefore carriss
information. Likewise, by using the monsy, that
is, by utilizing its entropy (the quantity of
dichotic choices the money provides) the correct
Interpretation of these choices carries the work
of other people that organizes the environment for
the recipient. Thus the correct interpretation of
the choices presented is the code the money carries
Therefors, for each person money carries entropy
in & definite code,even though the code iz subjec-
tively defined in terms of the persond desires.

The correctness of the choloes that impliee
underatanding the money code, depends on vhat the
rest of the aconomy offers. The rest of the
economy, bowever, is continually dus o
random fluctuations and the attempte of others to

relearning the code carried by money entropy, be
canse if the money 1s spent in unknown ways it
will oot result in real incoms any more than mis-
interpreting a word will result in information.



In each case, tn..]. mnmum:‘;im“
ipdividousl has learn by trial and error with -
its cmmuntm of entropy,  how to malntaln
his earning potential and achieve the meximm
satisfaction of his desires for the money he -
spends under the changing conditicns. I:ilth&t’ﬁ-
by continually relearning the code. Because the
code must be continually relearned, a certain - -
amount of equivocation must always exdist in the
money channel. '

It can be postulated that learning is acala-
gous to overcoming equivocation, since both are
problems of identification in the process of re-
dueing uncertainty. A pew unknown can be identi-
fied by the method analagous to defining by symo-
nyms, by identifying the unknown with its closest

and then indicating in what way it
differs. Such identification requires additional
entropy that must be found in the channel.

That additional entropy is equivocation in
the sepse Shannon defined it, as the difference
between the transmitted entropy and the recelived
informaticn. In our case it is the difference be-
tween the entropy transmitted by the producer and
the entropy utilized by the consumer.

We can arrive at scoe interesting conclusions
gbout the money channel if we postulate such a
coding loss due to the random envirommental chan-
ges, and apply the theorems developed by Shannon
to any ergedic realm within vhich its transactions
take place. (See Ergodic Realm)

XI MAINTAINING CHANWEL CAPACITY - THE MONEY DIS-
ORGANIZATION THEOREM

Lat H be the maximum entropy rate that can be
sent over the channel if no random effects were
present. ILet R be the actual rate the transmitt-
ed entropy 15 received over the channel with ran-
dem changes present. lLet O be the capaclty of the
channel, If the ¢coding is proper:

(1) ®= C
Under those conditions

(2} A= = [ where I is the redundant rate
that had been added in the pro-
ceas of coding to overcome the
effect of random changes.

Under those conditions alse (3) I —= H};{r}

Since Shannon showed that the ideal code
changes with the ratio of entropy to channel
capacity that 1s necepsary to get the tranemis-
sion through the channel, the entropy to capacity
ratio determines the code by vhich the transmic-
gion 18 carried. The rate of change of this
ratio of reception likewise determines the rate
at vhich the codes must be changed for lossless
recaeption. But the rate of change of code causes
entropy losses due to relearning. A5 & first
regsonable approximation of such lof&, we can
postulate that such a code change percentage loss
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or (8) C+4Edr=Hedllde -y — JHN

fhannon, Section 12, we can define

HENY = H (N LogN+(1-Kog 0-N)]
subtracting & from 7 we get

(10) ¢ dt =gl gp - N 4

Therefore there are three possible results to the
information in the channel due to the recoding.

(11a)

irdaH - aE(N) =0
The capacity of the chanpsl

in unchanged .
{11b}
if a H - AE(N) > {7 The capacity of the channel
is increased
(11e)
1t aht - a8(R){O Tue capscity of the chaamel

is decreased.

Let us assume that the capacity of the chan-
el 18 unchanged during the continual recoding
ard relesrning, then {1la) epplies. Cosbining
it with 9 we get!

. +{1- -
(2) ¢4 - a[fLogN d{; NLog (1-N)TH

But from (2) and (k) we get

(130 KN= d—ﬁ'gﬁ

(13a) H-."ﬁi‘ de

ginee ¢ 15 constant



Substituting {13a) 13 (12) we get:

o ww@&@)

51‘ m:

To solve {1k) let M=
funetion of tl.-a,_ then

these in {lll:} we get: _ _
(15) m= m{'ﬁ- Log ﬂ'— +{l:%] !:uj{l'-'f-y
Factoring {15) we get m = k) = constant and pi=0

Since (15) does not contradict the asswption that
ninmtnhmﬁmaft;m,nm#ﬁh:

(16) H=Ae™" + A )

interesting conclus

asEEne m 1% not &
ﬂ,{me m¥  sSubstituting

This leads to & ¥ery

If C is the actual capacity of the money chanoel
1o carry the sconcmy in an arbltrary ergodic realm
and (H) 1s the entropy that is proportional to the
money supply in that realm, the theorem would in-
dicate that with a comstant real income in terms
of bits received per second, the momey supply must
increase exponentially as the money supply becomas
diserganized.

Entropy may be removed from the channel anfi saved
in order to make up for the randem fluctuaticne in
the quantity of entropy flow. Under such savings,
the entropy carries more information for the saver
Bimply because the savings can bte usaed to maintain
the H/C ratic much more nearly constant and there-
by reduce the entropy transmitted wrongly {the re-
learning loss postulate). Bavings can be summed
over a short period of time and can be expected to
remove equivecation due to fluctuaticons in H up to
amount saved for an indefinitely long period of
time . That justifies savings, because 1if the time
during which the variaticons are reduced for
the saver is long enough, moch more information
will become available to him from the entropy he
receives than the amount he rempoved from the
channel by his savings. That 15 pot true for the
rast of the economy since only the saver controls
the flow of his money. However, he can make 1t
trus for others if bhe gets somsthing in retuwrn.
Assuming & normal fluctuation in entropy flow after
it has traversed the cycles in figure 1b, all
variations in flov rate are possible and the more
saved the less the equivocatiocn for the saver or
those he protects from euch variations. This, how-
ever, has several other effeets. Sinee all the
antropy stored in savings does not traverse the
channel {all savings institutions maintaining re -
SeTVes ) _ the average time of the figure
1t eyele can be sxpected to increase as the por-
tion of savings increase. The money removed Trom
the channel by savings loses its Information carry-
ing ability for the rest of the economy even tho
it increases it for the saver, The rest of the
eoonomy bedng larger than the savers economy mu
mmtﬂphcliti!mwtﬂm

to be maintained.

The unit of money A definite amount
of entropy in any ergodic realm has the statisti-
cal properties of a commmieation. Both Wiener
and Shannon were able to show that the second law
of thermodynamics can be expected to apply to 1t.
Since savings is ome of the ways by which its in-
formation carrying ability {the message of real
inceme} can be expected to decrease, we would ex-
pect such savings to increase at a more rapld rate
than the increase in the money supply. Thus the
nmmtiunrthnlhmhmhaqﬂmm
increase continually with time.

Thus, maintaining the capacity of the channel
constant, we might expect on the average that the
rate of savings, and replacement to meke up for
the savings, should be proportiomal to the average
rata of entropy flow in the channel.

Om the average we might expect the rate of
saving and replacement to be proportional to the
average rate of entropy flow in the channel. Thus
equation (18) should be modified somewhat but still
give an exponential rise of entropy flow. Dut the
ratio of the rate of flow to the total entropy
{flowing and saved) might be expected to continu-
&lly beeome legss at an exponsntial rate. That
woild also mean that the ratio of income to money
in exigtence should likewise decrease exponentislly.

If the avérage high rate of employment we
maintain throughout practically all of our history
with the exception of the 1930a, could be taken to
mean a fairly constant capacity (becanse of the
producer cost argument) we would expect our history
to show o similar behavior. That such a condition
really existed is trated in the data plotted
b;rﬂlﬂ.rtm.:rbﬂn shown in figure 2. We might
likewise expact the rate of lnoformation received to
decrease exponentially with entropy. - Again (based
on the producer cost argument) this should be the -
average man hours per dollar in existence, and it
ghould also decreass exponentislly with time
Figure 3, as plotted by the writer from the indi-
cated data verifies the above conclusions. We
wonld further expect the informaticn per unit en-
tropy to cbey the same law. Flgure b in which is
plotted labor cost in man lmnﬂpn dollar against
time, both for Bngland and the United States, a-
gain verifies the above conclusicn. '

A variaticn of the above theorem 1s the prob-
lam of what happens to the capacity of the channel
if the money supply is constant. We will also con-
sider this in terms of Shannon's Section 12. Let

ten bits per second are transmitted incorrec
Since in the sbove example Shanncn shows that
bita per second would be necessary to remove anmd
become certain about the ten that were transmitted
ineorrectly, only 9019 bit: per second would be
hﬂlfhrth!ﬂﬂtm

Htarﬂ:ﬂfiratﬂﬁﬂin;nfihmtmwiu
the producer-consumer channel we would be confron-
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now be D00 I 919 bits. Thus with & constant
rate g in a recycling channel the useful
entropy must be decreased e If we

We might also consider this comservation of
money under the conditiom of hoarding as indicated
above. We would likewise expect an analagous de-
cay in capacity with an increase in the amount of

hoarding.

The above is intended to show that if g bal-
anced budget implies the comservation of money,
it ip turn muet disorganize the econony.

Iet us conslder two examples of how such dis-

organization might be sxpected to ocour in actual

practice. _

XIIT EXAMPLE OF DISORGANIZATTON OF MONEY SUPPLY

1. Buppose we are confronted with a constant
money supply and some individusl within the eco-
nooy, bedng more capabls than the rest acoummilated
a large porticn of the money. The money he scoum-
ulates he of course uses for sarning more of the
limited supply. The more his capital sarns the
less there remains to be distributed as income to
the rest of the econcmy, and the more hazardous

ishing its earning potential
ing potential of the money accummlated by the
individual. Thus, his Investments tend to
more risky with a smaller possibility of
» Under such conditlons,rather than risk

3
g
g
¥

ie the credits that are loaned by the banking sys-
mmmﬂmumﬂnﬂm. Suppose
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Since business profits de-
pend on the money received by businese above fixed
charges such as the retwrn on borrowed money and
other contractuanl oblijmtions, eny decrease in ths
money business receives due to the decreasing price
level and money supply, must cause a dispropor-
tionate drop in business earnings. Since business
earnings determine the vendability of busipess and
the vendability determipes the credita created for
the business, the decrease in money supply due to
the decrease in credite from this source: becomes
out of proportion to the drop in prices. This .
further reduces the custamers sbility to buy and
the money loses entropy on the average, ms credits
are withdrawn from cireulation, and bankrupteies
mr . -
Based on the gbove argument, such a condition
must be cumulative unless the money supply iz in-
creased from encther source. In the following sec-
tions of this paper it will be shown that that is
exactly vhat occurred. There appears to have been
an exponentisl increase in money per perscn from

" another unrelated sowrce (probably the immigrant

MWthmw_mtmwm
be transmitted through the money channel during

_most of the history of the industrial revolution.

In cur model, suppose a dollar is taken out of
the econcmy 8o that for a time pecple do not re-
celve that dellar in succesding transactions.
Every one of those pecpls must relearn the code
that the remaining mopey carries for him.

We are thus confropted with the copdition
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XIV FURTHER IMPLICATIONS OF THE VARYING CHANNEL
A = Beal Income _
our model in which we regard money

K

@ T=HH
(3) H=%.(CT-T)4t
t=p

Whers H, 18 the bits per bit in the channel

As lemg'as 7 1s less than 77 , T 15 & mono-

tonie increasing function of H. Therefore after a

given time 7 —» 7~ . When T s
. fﬂﬂh;rrm.iﬂun{l-

E
E
¥
3
]
¥
8

173

'B-Wﬂﬂmﬂmm.

Because the received ia less
than the transmitted entropy by the equivocation,
a channel wvhich 18 too parrow to carry all the
usable entropy available in 1tself introduces
some equivocation. This equivoastion cennot be
overcome by redundancy since there is insuffic-
lent entropy in the chamnel. If any of the en-
tropy is used for redundancy, more eatropy is
used up than the amount of confusion eliminated.

C - Inflation - Grecham's Law

If the money eupply increases too fast, it
involves so much relearning that confusion uses
up most of the entropy in the increased money
supply. Under these conditions not enough en-
tropy is left for to overceme the un-
certainties caused by such rapid change.

Bedundancy means that more bits of entropy,
more message Symbols, are used to carry the same
potential orgendzation. speaking ,
that means a since it means more
dollars for the same item. More momey is there-
fore needed to maintedn the economy and more
money at any instant during such & rapid infla-
tion makes things worse.

o



b

If we assume that every logan in the produc-
tive matrix acté as sn Iindependent channel subject

to the restriction that the sum of entropy
in all the logans is dependent on the entropy of
the money channsl; we find a certaln degree of

-k-'ﬂuﬁ.nmmarwmnt.

m;:rwuﬂiwurthuummuﬂmchmﬁﬂ
as presented here hag certaln implications in re-

Bowever, the money channel may
lack the capacity to accept that entropy, in vhich
case it would becoms, at best, eguivocation. Thus
there would te a difference between the trans-

mitted and received information.

In general however, unemployment and confu-
Just Bov oo £t b
gnta to Tit back Into the econcmy

demand, and a certain amcunt of trial and
error ie necessary.
therefore increase
can expect the law of diminishing
Justified by Shannon's theorem X to apply..
regult,the less the percentage of unemployment
the more entropy (money) should be required to
reinstate a given rate of bit production (the _
work of the unemployed). For that reasom, it is
1ikely that full can only be accom-

- plished by excessive redundancy, with its implied

runaway inflation and lose of real income. Yet
experlence during good timos seems to indicats
that we can

Therefore, if we take a part of earnings
in taxes and make it go through transactions that
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periods vhen the money became reorganized due to
& tepporary upheaval, so there were similar rever-
gals of the trend in modern times.

Thegs revepr-

to

E

£
FL g

be the sxplavation of the prosperity that encom

pasged the ancient world after Alexander the Great

libernted the Persian monetary metals, or the Re-

naissance that followed the Black Plague of 1370

in Burcpe,vhers half the existing population was

chlitera and redistribution of hoarded
about by the general

izetion and looting that followed; so tha

only was the mopey redistributed out of hoard

but the avernge per unit population doubled

minleation shannel.
metals was

or in

measured by the things earnings can buy,
any other result of the industrial revolutiom,
was puny in comparison to the thousands to one



Soch 1s the implication of thelr 1“11111?1
behavior. Furthermore, as indicated by Sorokin
and others’ this colncidental behavior peemed to
be the rule rather than the exception; the flow
of money seems to have been the main commmication
chanfel. It determined and then supplied every
cther logan in the productive matrix with the pro-

economy built around avarencse, the avareness of
his desires. Hence the emphasis was on the other
forms of communieation; and thus the coimcdd
resulted .

ally it was that the money deposited in commercial
banks (checking accounts} was largely placed there
for the purpose of facilitating its use. It wvas
gimpler and less hazardous to write checks apgainst
an aseount in the bank than to carry cash for

:

good business ris

The fact that they loaned 1t out, hovever,
the money {deposi-

&
:
|
¥
§
2

in the same banks; thus proactically
every lean wound up ag a new deposit, a deposit
ople to spend (drav checks against)
ge deposits leaving the banking
In that way the deposits and bank loans
irereased colnsidentally thus increasing spending
power. This spending power made possible the flow
of entropy that organized the economy. Bab, based

vendable and served as asgets; bases Tor credit.

Even the promises of potentisl organization
becase assets and sources.of money. The greatest
of these was probably the Iand in the new world
that {as long as the immdgrant was coming in)
gerved as an almost upending excuse for a spiral
of asset inflation and a source For new credits.
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intentiopally if we are sver
organized steady state level., An indieation of
the ropid acceleration of eredit during our era
can be gathered from the following estimate com-
piled by a Robert Doane .

Year Debt - Millions of Dollars

Robert Doane

1500 koo

1700 %’%

1800 8,500

1660 -

1900 k0O, 000

1g29 TOO, 000

Miantinhlw%tm:ataﬂr
disorganization T and our atiempt to recrganize T
due to the fact that we cannot act Instantly,
especially in large groups, {dus to the hierar-
chical strusture of those large . Hepce the
attempt to reorganize is, by the time it 1a ap-
plisd, relevant to a disorgenizing condition that
occurred in the past, thus we find:

(38) T =£ (t) and (3B) T, = £ (t+F vhere ¢
is time.

Since T, 15 intendsd to make up for T as we sense
1t.

(1) £ {t) = £ (£47)

The solution of (L) indicates that £{t) is
either & constant, or cscillatory around some con-
stant average value T. However, since f{t) 1s
random, 1t cannct be tant and pust therefore
be oseillatory. Bince Zfis not necessarily con-
stant but can be expected to vary with the size
and the structure of the economic enmtity, we might
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the time interval 1t is capable of handling.

{4) (¢ ¢4) represents the minimum recrganizing
ime & pingle individual is capable of handling.

-

XX CAPTTALISM VERSUS SOCIAIYEM AS TMPLIED BY THIS

Since single individuals cannot genernte the

intricate matrixes of that larger organi-
sations are able, it is cbvious that as a single

o

economy, he ia helpless when confronted with the
more intricate portions of such matrixesa. Thus,
with individuals acting alone, the maximm T ie

not attainable. It is equally evident, from the
above, that a large organization likewise cannot
attain the maximm by itself.

The money channel in the Capitalistic econooy
enables the consumer to commmicate the disorgan-
izing tendency to the producer in all the various
combinations of consumer and producer found most
desireble by the varying matrix of disorganization
in the manner described above. The nature of the
disorganization must vary because it is random,
and because all too often as in the case of death,
we cannct reconstruct, we can only substitute in

their universal commnicating charnels arve neces-
sary to keep T = T, = MAKX.,

We might expect the above to explain the
fallacy of sccialism, where the constraints are
guch that only the large {state-owned and opers-
ted} organizations are allowed, and where the
commmication must taken place through e planning
hierarchy; there we are confronted with the condi-
tion wery much analagous to that illustrated by
t ; in Tigure where the only real income is Hy
whereas Hy 15 the entropy wasted to generate in-
tricate but uselssss structures, for some such
nebulous purpose as the Worship of a Sun God
{ancient Bgypt), or a dictator {parallel cbvious)
as indicated above. Meamvhile the real incoms

stapce, we might expect that the condition of
greatest organization is when T equals T,
equals mex.unattainable 1limit, equals Wn bits
per second, where Wis the population, and n
average eotropy rate gensrated by a producing in-
dividual. T, should be greatest when all the
combinations of Ware allovable.

Because of the large time of commmication
of the large crganization and its large mumber
of individuals, a great guantity of entropy is
alvays in the process of flowing through the or-
ganization. That great quantity of entropy im-
plies a considerable equivocation for each bit
lost, requiring an excessive smount of redundancy
(paper work, remsde production, ete. )

Since we might expect Hyto increase direct-
ly as the mmsher of individuals for the time t,
because T, would inerecase, an increase in the
o B squalty Hy » Gacause of ihe aymactty oF
new * of
thedi;arpni ﬁwm,mmﬁa
would cccur when the mew ¢t equals'Br, . .

an inecrease in the number of individuals in
such a hierarchy should actually be expected to
decrease the reorganizing entropy per individual,

XXI CONCLISION AND SUGGESTED EXPERTIENTS

A theory is only ussful to the extent that
it mirrers reality. In this paper several at-
tempts weres made to meet the test. This was done
by trying to show statistically that the unit of
money behaves as Shannon's Theory of Communica-
ticn would lead us to expect o communication
should. Furthermore we might expect certain sta-
tistical dlstributions of entropy that the analy-
sis indicated might be expected of the economy in
general. The writer cannot help feeling that
those tests, although suggestive, are by no means
conclusive. Therefor the analysis contained
herein would suggest a mmber of other statistic-
ﬂ@ww&w its implications. For in-
5 i

{1) The questicn of would suggest
that the rate of monetary Inflation with any per-
centage unemployment should approach the equivo-
cation implied by Shannon in Section 12 of his

The validity of such & hypothesie could

{2) T™he mcney disorganization thecrem would
lead us to expect all supplies to behave

analagously to our ovn in their particular -
ic realms. mlﬂmmlﬂhuuriﬂeﬂm:irf

{3) T™he quantitative behavior of the growth of
sm and of democratic forms and how they
related to the width of the money channel
be statistically determined and correlated to

above analysis.
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(k) Tha dynamic behavior of the Leontief {6} Nelson M. Blachman - Minimm-Cost Encoding of

matrix should be tested statistically for its Information. PGIT - 3
agresment with the sbove model. {7) H-Hien;i‘aw Cybernetics - New York: Wiley,
1 .

{5) The average reaction time of business {8} D.M.MacKay - Quantal Aspects of Sclentifie
firms to sn arbitrary change in rules of the Information. PGIT - 1
game may be tested statlstically for agreement {9) Wassily W. Leontief - Structure of American
with the apricri averages used in this paper. Economy, 1919 1939.° Harvard University

Press, 1951.

{6) It would be worth while to examine the co-  (10)Clark Warburton - Secular Trend in Monetary
incidental growth of money and other means of Velocity, Quarterly Journal of Economics,
comminieation. Feb. 19490,

{11)Gresham's law En-:gcl:}peﬂlu Britannica, 1bth
These experiments are somevhat beyond the ed. v.10, p.AT8.
scope of the writer, en engineer whose time is {12)P.Borokin - Sceiel and Cultural Dynamics,
fully committed to another line of endeavor, but v.3, p.199-216.
they may be used to determine how closely the 13)David Hupe Political Discourses - 1752,
above modal fits reality. 13)81r mf;;;“ Morgan Waebb - Mopay Revolution -
Beferences: {14 )}Leonard P. Ayres - Turning Points in Business
(1) Say's Law - See Haneen, Monetary Theory and Cycles - MacMillan Co.
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Fig. 2

Ratic of national income to the total guantity of
money by decades: 1799-1939,
Source: Clark Warburton.
Ratio of payments for final products by business
and individuals to adjusted total deposits and
currency excluding U. 5. deposits,
Trend at 1 1/3 percent decrease per year.
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