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Preface

We started this work in a case study for graduttdests, convinced that an exact theory of
economic growth with forecasting quality must amh dbe found. Subsequently most of our
decisions in industrial research and developmedttbedbe made without academic backing.
Some of them led us to question fundamental assongptFor instance, we learned that
technical progress cannot be responsible for tise pAmacroeconomic growth. The level of
education and the last century’s reservoir of r@h\but unused patents and prototypes were
convincing and growing, although the real long temational growth rates per capita of
leading nations decreased since 1955.

The investment question of how long China wouldticare to grow with real 10 percent p.a.
per capita got us back into the fundamental problefmreconomic growth theory. We solved
some of them with the discovery of a causal conoedtetween the depth of a disaster and
the stability of recovery. The necessary and siefficconditions for success were complete
renormalization of the economy, social coherenad,evolution in peace.

Our theory and first predictions were publishedy&ars ago although we did not understand
why just 3 decisive parameters determined long tgrowth, and what kept them constant
from 1800 to date. Their continued constancy igsilee for the quality of predictions. Back
in academia this work benefited from the discovargn S-functional parallelism between the
mean life expectancy and the envelope of the lee$tGDPs per capita above all political and
financial disasters. This identified the decisiagmeters as genetically stabilized constants
of the human species.

Therefore the present version of our natural thdwy full forecasting power unless global
resources supersede human biology in limiting theepof economic growth per capita. In
retrospect this was to be expected for a specidweatnd of the food chain guided by natural
science.
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1. Introduction: Basic and absolute problems of nm@conomic forecasting

The financial crisis of 2008 and the return to MaghKeynes’ policy for recovery from the
Great Depression showed that the quantitative staleding of economy and technology is
not really converging. This comparison is apprdprizecause there is agreement, from Adam
Smith’s blueprint of the industrial society [1] ®obert Lucas’ [2] and Paul Romer’s [3]
inclusion of educational and developmental inpdkgt economic growth is driven by
technical progress, which means by knowledge obthimith natural science. Every student
feels the strange challenge of this qualitative bapause nothing can successfully work
against the laws of nature, not the economy, afiditidy not the financial world.

Since the success of natural science and technotobggsed on the forecasting quality of
exact solutions and natural constants, the metbwoddsing the gap in understanding is clear.
The observation of linear economic convergenceurope [4] gave the incentive for deriving
our first exact solutions without adjustable parterge[5, 6]. They include the recovery of the
USA from the Great Depression, of Europe and Jépam WW I, of Korea from the Korean
War, and the collective industrial evolution abaedisasters from 8century UK to date.
Their comparison with the real GDP data per capighown in the lower part of Figure 1 of
Section 3.

That these advances could be obtained only recerity beyond mainstream theory, has two
different reasons. Their novelty is due to thetreddy new data shown with Figure 1. They
were not available in 1956 when Robert Solow pregehis seminal differential equation for
generating physical capital by investing a consteadtion of the GDP [7]. The exact theory
generalizes this equation with a fundamental termiclv was difficult to see for Solow’s
focus on the USA, but decisive for the fast recg\afrGermany and Japan from WW II.

The reason for the need to go far beyond mainst@momic theory is historical. Natural
science started with macrophysics and the seancth& underlying laws of nature, using
Leibniz’ and Newton’s analysis for quantitative emstanding. Natural science developed
hereby a theoretical culture marked from the bagmby the experience that a system can be
so independent of its substructure that it hasous laws and parameters, and that its
behaviour is exactly predictable when these pararaetre constants of the system.

Economic theory started with microeconomics andaieed in its complexity which all but
excludes exact solutions. Keynes was the firstofmmoent on our habit of converting exact
mathematics into approximations by designing ecaagaroperties into them with adjustable
parameters. But forecasting quality needs exacttisok including economic properties in
their very structure without any adjustable parane$o far the advantages of such solutions
could not be appreciated in economics, but the elexamples show that they exist for
macroeconomic production.

Yet the absolute problems of economic forecastmgat appear on the production side. They
are due to the fact that it is impossible to meashe benefits of the goods and services for
family life at home. Since these benefits competettie overall result, they are not additive
like money, so that we don't even have compatiltl@les, coordinates, and variables for
measuring demand in terms of a macroeconomic wsdae\of the GDP. This explains why
we could so far neither set up an exact conditiwrdf/namic equilibrium between demand
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and supply nor find any continuously valid time eegence for life at home or the amount of
labour required for maintaining economic equililoniu

Adam Smith saw these absolute problems clearlyisnvision of a free market because
instead of finding excuses he called upon his fariowisible hand” for achieving economic
equilibrium between demand and supply. After 258rgeve must admit that it is simply
impossible to derive an exact growth theory witmainstream economics.

The following sections show that such a theoryjuding life at home, is possible on the
highest aggregate level with basic information frbimlogy, physics, and industrial research
and development. We can use of course the datd listthe national statistical reports for the
production variables GDP, working time, and phylsezgital, because they are exact for two
reasons: Costs and profits can be measured witleynso that their values can be easily
added up for any purpose; and the constancy ofettext theory’s parameters over 8
generations proves that all production values wastenishingly well corrected for inflation.

Main results:Forecasting quality requires an exact theory withstant parameters. This triad
can only be obtained beyond mainstream economioryhelrhe goal is finding a self-

consistent and independent frame for macroeconotheory without severing its

microeconomic connections.

2. Obtaining exact solutions with natural constdmtseconomic growth

Since the following sections focus on economic eispand results, this section introduces
into some general concepts of flow systems withagf® capacities. Their main advantages
are that they unite the information from four agadedisciplines and practical experience,
determine the structure of the theory, and speb#ydata required for verification.

Maintaining life requires a steady flow of goodsdaservices per unit of time. The flow
begins with global resources and ends as wastkjding its partial reuse and temporary
storage in individuals and physical capital. Simeewill find out that the industrial evolution
was so far limited by human biology and not by testhgy, environment, or the universal
laws of nature, we postpone the early Club of Remne@vironmental feedback scenarios until
they become so serious for the then leading natiwaisreliable data and feedback paths are
available and respected for survival.

Symmetry and conservation are the most valuablergégoncepts. Using them is the only
way for resolving the absolute problem of macroeooics, namely the lack of data, scales,
and coordinates for life at home. Symmetry contabustructural information. Since Adam
Smith’s concern with industry’s separation betweeme life and factory work it was clear
that a complete theory must have two sides withr@dmental symmetry for generating and
using the flow of goods and services. Since thaevalf physical capitdd(t) per capita stores
the technical knowledge required for productiomréhmust exist a counterpart storing at least
the knowledge required for selecting and usinggbeds and services for life at home. We
name it “human capacityh(t) per capita in order to prevent confusion with theman
capital” used some time ago for the production ealfithe work force.



The new quantityh(t) is central to the exact theory. Section 5 shoves ifs formal value
follows from the investment in education, and thagtores the industrial society’s current
level of relevant knowledge. Its technical subsettored in physical capitk(t), but the latter
can be duplicated just with money, whereas incnggis(t) requires new knowledge which
takes more time because it requires social interactherefore we have generalty> h.

Fortunately two conservation laws exist for flons®ms. The first is that the GDRt) per
capita, the annual flow of goods and serviceshes dame for using and producing. This
identity saves one variable. The second is thahawe not one year for producing and another
for using the GDP but the same time is flowing by lboth. Section 9 shows that unpaid
working time at home, including reproduction, bakes paid working time for production so
that there is a trade-off between working tiw&) and spare tims(t) per capita and year.

That this trade-off was all but neglected so fasusprising because even to-day’s affluence
would be useless without the spare time for usmyenjoying it. With 8 hours of sleep and 6

working days per week the maximum weekly workimgdiis 96 hours. Appendix A1 shows

that this was in fact the agricultural and earlgustrial working time around 1800. Taking the

maximum of 96 hours per week as the unit 1 p. a. for measuring annual working time, we
have the fundamental relation

(1) S=E-W

for annual spare time at home. Figure@wSection 9 shows that working or spare time, life
expectancy, and the evolutionary GDP are cultuaailables of the industrial society and, as
such, nearly immune even to world wars.

The number of relevant variables is herewith reduitem six to four, withh(t) only one
more than the known production variablesw, andy. We have learned also that the
“reproduction factors” human capacity and sparestare as important for using the GDP as
the production factors physical capital and workinge are for producing the GDP.

The last structural information we get from genexaicepts of flow systems is the number of
possible dynamic responses. For one-dimension#&bles it is limited to one response per
independent variable. Therefore we can have wi#imd h only two identifiable dynamics.
Sincek is destructible it must be responsible for recgeom disaster in Figure h must
then be responsible for the industrial evolutioheTatter's immunity even to world wars
shows that human capacity must be per capita indegtie. This means thdt is in contrast
to k an inseparable part of every individual.

Whenk and h are kept constamty andy can still support an oscillation between them which
can appear as business cycles. Section 12 showshelyyare so rare, but we obtain the
economy’s reaction time to external shocks frometkect and complete solution for cycles.

Since the pace of every dynamic response must depethe storage or reaction time of the
quality behind the responsible variable, these gimest explicitly appear in every differential
equation for exact solutions. Sections 5 and 6tifjetnese times foh andk. Forw andy it is

by definition the calendar year ¢ .

Main results:Applying the general concepts of symmetry and eoration to flow systems
can resolve the absolute economic forecasting pnobThey also determine the structure of
the theory, the number of variables, and the kiindlada required for verification.
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3. The industrial evolution, relevant knowledged aational recovery

A priori we can get exact solutions only for pepita growth. The simple reason is that the
birth rate is not exactly predictable. Per capitawgh can however be readily scaled up to
national growth after the birth rate is known besmauhe life expectancies are very well
known. The population of affluent nations tendsttbilize when it is not already declining as
in many European nations and Japan.

g0 A years
60 | 30T-
USD
40 20T-
20 | 10T-
K
1850 1900 1950 2000 2050

Figure 1: Unisex life expectancy L (left hand sgatecovery of the real GDPs per
capita of leading nations (right hand scale in th8 $ value of 1991), and their
convergence into the industrial evolution a(t) camgal with theory (plots). Data
points are for the UK and the USA, circles for Gany, and squares for Japan.

Figure 1 shows in the lower part the national rec@sy(t) of the real GDPs per capita and
their convergence into the collective industriablenion a(t) established in 18 century UK
[5]. Growing competition from Continental Europedaiie USA caused the UK’s stagnation
between 1890 and the Great Depression of 1929laftee caused the first complete recovery
of the USA. The second is the recovery of Germary Japan from WW Il. South Korea’s
recovery from the Korean War is presently at hatetof convergence.

The GDP connects production with life at home bseathe flow of goods and services per
capita determines directly the quality of life. itesprovement is the driver for research and
investment in human capacity and physical capitalerefore we start deriving the exact
theory with our species’ talent for copying relevknowledge from nature for producing the
GDP of the industrial evolution. All data in Figufe exclude exponential growth with
constant ratea/a as valid long term growth law. Fortunately theseanother differential
equation expressing this talent without requiringeatra parameter:

(2a) ala=(@1-al/a)lE.
Its general solution is the S-function

(2b) a=a/(+ela™ D/E)



plotted in Figure 1 with half time ifi, =2040. The “evolution constante =62 years is the
inverse of the initial growth rate fax -~ @ndt - —o . Growth is nearly exponential until
t<T, —2E, and withinT, £ E nearly linear witha C a /4E . The asymptotic final GDP for
t -+ isa= 75,000 US $ p.a. per capita in its value of 192k.exponential growth with
any positive constant rate the relative dap-a)/a to be closed would be constant (equal to

one sincea =), and the abilitya/E for increasinga would go to infinity which is per
capita impossible.

(2a) describes the result of a complex procesxeSemding nations have no superior nation
to copy from, they must obtain new knowledge froatune with research. But knowledge has
no economic value by itself because it does notrwatby being used. It must acquire such
value with embodiment im(t) by educationand in k(t) by design. This means successful
competition with established knowledge. Within #elution constanE both can become
socially coherent. The resulting current mix cansgtis the relevant knowledge, the conscious
addition superimposed on the inherited capacitigmly experience shows that they are
intrinsically connected and include the interestoee consecutive generations.

This entire process, including its effective cohtby selecting and using the goods with
human capacityh(t) at home, will be quantified in the following sexts. It is irrelevant
which nations and how long they are lucky or gondugh to stay at the evolutionary level.
Essential is only a sufficiently large reservoirelevant technical knowledge so that (2a) sets
the pace. Too much or too advanced physical cagitpist idling, not enough or outdated
physical capital results in a general GDR/@j <a(t . )

Recovery from disaster or catching up with leadmagjons is actually easier and faster than
staying at the evolutionary front, because thevesie knowledge stored in human capacity
per capita is indestructible, and new knowledge lsancopied from leading nations. The
corresponding differential equation for recoveryl @onvergence into (2b) is therefore given
by

(3a) yly=p@l-yla)+(ala)y/a.

L 1, -1 B, -t) . - , . .
Its general solutiony l=al+ 3 1eﬂ( y Y is surprisingly simple because in reciprocal

economic space the exponential functions appetiremominator. This is a general property
of the exact theory in analogy to the fact that itifeerited genetic program reels off during
life, so that the removal of obstacles and humaapacities for realizing the full program

appears now as driver of growth. In this spaceftindamental difference to the exponential
function is that the latter does not approach allsstebut a zero level of incapacity. This is
excluded because it would mean omnipotence of tinealn species.

Inserting (2b) into the general solution yields tloeible S-function

(3b) y=a/(1+ela"V/E LAy~
for successful recovery and convergence into tltgtrial evolution. The convergence
parametef is according to (3a) the initial growth rate fgic< a. Section 6 shows that it is

guantitatively determined by the national renoraetion condition for recovery.

(3b) is plotted in Figure 1 with the following vaisi fors and halftimes of recovery:
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USA 0.05 p.a. and 1965, Germany and Japan 0.0%pdal971, and Korea 0.08 p. a. and
2005. The nearly linear growth phase before corerarg was already observed by Crafts and
Toniolo in 1996 for European nations [4]. It is dwethe long linear phase of the evolution

and its extension by the recoveries seen in Fijure

Main results:The exact theory replaces the steady state solofi@xponential growth with
the exactly known S-function of the industrial awan per capita. The latter is immune even
to world wars and approaches asymptotically a stetate with zero growth rate per capita.
Every successful recovery from disaster convergtstive industrial evolution.

4. The life expectancy and the biologic stabilizatof economic growth

Several completed recoveries show that the ex&ati@o (3b) is valid and relevant, but there
can be only one industrial evolution, so that thestancy o and a for over 8 generations
was mysterious. That this constancy can hardhyhbedsult of human control led in due time
to our discovery of the parallelism betwes(t) and the mean life expectancy shown also in
Figure 1. Finally the hereditability of longevit§][supported our conclusion thHatanda are
also biologically stabilized [9].

The data in Figure 1 support at first sight the lifsurers’ linear extrapolation of national life
expectancies. But this can only mean that thedKpectancies are presently in the linear
phase of a biologically acceptable function. Fgttherefore an S-function to the data yields

4) L=Lo+(L-Ly)/a+em=9Ey=1 ja+et /By [ja+eTL-D/Ey

It is plotted in Figure 1 with the same evolutioanstant of E = 62 years, halftime in
T, =1981, minimum life expectancy for successful reproduttiL, =30 years, and an

asymptotic final life expectancy df =118 years. The latter specifies for the leadingonat
the generally expected mean final life expectarfcgbmut 120 years. The slightly flatter plot
for L(t) is the theoretical result derived immediately.

The S-functional identity (4) means that droppirgsaete and accepting new elements of
relevant knowledge is a social process requirirgsdime reaction time. This is compatible
with our assumption that decisions in life are llase the current mix of new and established
knowledge. It also means that knowledge is notdatiti@e quality, neither for individuals nor
for society. Since conflicting interests coexistindividuals as well as between generations,
the main goal of education is maximizing the oyeddindividual relevant knowledge.

The life expectancy is the lasting result of seétgcand using the goods and services with the
current set of relevant knowledge embeddel(th It is our first and so far only quantitative
information for resolving the absolute economichpeon of quantifying the user side of the
economy. We start with understanding the paraitelietweerl (t) anda(t).

The obvious and simplest possible assumption ik lifeaintegrates and averages over the
existential conditions given by the evolutionary BDrhis is legitimate because life insurers
correct the mortality tables for catastrophic dea#nd the evolutionary GDP is the envelope
above all disasters. The exact integral exists thighaveraged result



5) L=lo+

L- t+L L - (t+L-Ty)/E
L__I_OJ- adt= Ly + E(L_ LO)L l+e

La Jt L 1+et-Ta)/E
It is the second plot in Figure 1 with the slighsiyaller slope at halftimé&, . In fact, (5) has
the very good S-functional approximation

(6) L:I—o+(|—_Lo)/(1+e(Ta_E/2_t)/E).
Comparison with (4) yields for their time shify, =T =L /2 =59 years. This means that we

must not wait 200 years or extrapolai) for the maximum life expectancl , we have

measured it already with the observed time shif2. The halftime bar for both S-functions
in Figure 1 shows these 59 years.

That the industrial society evolved already past ithflection point at halftime, where its
annual increase had its maximum &f=(L -L,)/4E =0.35 years per calendar year,
explains again why an exact theory of economic ¢inawuld not have been obtained earlier.

Comparison between (4) and (6) yields the mainltrexfuthis section:L(a) is the simple
affinity transformation

(7) L=Lo+((L-Ly)/a)a(t - t+L/2)
named “bioeconomic relation”. It is absolutely seabecause it contains with, and L only
two parameters which are constants of our species.

(7) means that human biology stabilized and limgednomic growth at any time and in
every culture from the agricultural affluence of $dpotamia and Egypt to the present

industrial evolution. The constancy of the “bio-romic ratio” (L — Lo)/a=1.17 years per

1.000 US$ in the value of 1991 means that everyom® in the ensemble average an
asymptotic limita for sensibly digesting his and her mix of goodd aarvices with personal
gain. The best part of accumulated surplus is elgtiused by employing other people or
given to charity. A large part was so far subjectecay, destruction, or inflation. The rest
was non-sensibly used or even punishable.

Main results:The evolution of the industrial society is biologjly stabilized and immune
even to world wars. The presently responsible geiwar lives between the halftimes where
the evolutionary GDP and the life expectancy hdeelargest annual increase. The stability
of the bio-economic relation shows that human bighavfollows nature in not separating
between academic disciplines.

5. Investment in education, human capacity, andnisible hand

The life expectancy follows quantitatively from (3ife’s integration and averaging over
future existential conditions. On the other hahé,time dependence of the evolutionary GDP
is given by the life expectancy’s biologically steted evolution constant. This raises the
guestion of causality, especially since an avegiocess cannot be reversed without prior
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knowledge of the original function. The obvioussmn is the existence of a third so far
hidden quantity guidind.(t) anda(t) nearly simultaneously. This means that Adam Smith’
invisible hand really exists. Since Section 2 sheat the exact theory requires only one
more quantity, we have no choice: The hidden gtyantust be identical with human capacity
h(t) which embodies Adam Smith’s invisible hand. Whagdrly” means will be specified in

Section 10 with the self-consistent time shiftsasenh(t), L(t), anda(t).

Since leading a successful life requires more fhsintechnical knowledgéy(t) must store the
industrial society’s entire relevant knowledge. Y technical subset is storedkit). The
annual maintenance costs of both storable quantitigst be part of the GDP. Figure 2 shows
these parts for three leading nations. The costsubfic order are also shown because all
three are indispensable operational costs of tthesimnial society. The plots within the public
order data represent the cost shares derived inektesection for the maintenance of physical
capital. The data for public order and educatiomenwampiled from the national statistical
reports except for Japan’s educational costs [10].

- cost/GDP G&J
0.2} |

i public order
0.15¢

o1/ m * "

I education | . 8 ﬂj
005:0 0 E ﬂ i ) 1
05 .

[ ] [ ]

1950 1960 1970 1980 1990 2000

Figure 2: Cost of education (data and plots), paldrder (data), and maintaining physical
capital (upper plots) per GDP for Germany (point&pan (squares), and the USA (circles)

The public order costs include every directly retaeffort from legislature and the judiciary
to the national and private security systems. Thay increase in parallel with the plots for
the maintenance of physical capital is understaledbbcause the unequal distribution of
wealth was and will remain the biggest challengenfational order and international peace.
That Japan has the lowest ratio of public ordephgsical capital costs and the USA the
highest is mainly due to the large difference imithmilitary effort. The educational costs
include public and private costs from kindergatienniversity.

All three fixed costs amount already to 40 % of @@P. Since the next section’s investment
for increasing physical capital must be added, algut half of the GDP remains for private
consumption including housing, health and provisitor retirement.

The actual values df andk can be derived from the annual cost of maintairiregn. This
defines for human capacity with
(8) h/E=vy
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the “capacity share/(t pf the GDP, corresponding to the lower data iruFég2. Their wide
spread is due to the fundamental difficulty of meamy the efficiency of education and the
individual value ofh. But this is uncritical because the parts of hurcapacity and physical
capital actually needed at home and at work aretlgxedetermined in Section 10 from the
GDP and annual working and spare time.

The relevant time constant for maintaining the lefeh is the evolution constaiit because
what matters more than any amount of knowledgesisdcial coherence discussed already in
Sections 3 and 4 for (2a, b) and (4).

The maintenance balance

9 kIG=puy

for physical capital defines the “capital shatét of)the GDP shown with the upper plots in
Figure 2. It is derived in the next section. Thedpean Central Bank usé&s =25 years for
the physical lifetime ok against wear and obsolescence [11]. This is ctosrigh to the
reproduction cycle that we named it “generationstant” [5]. G completes wittE anda or

L the biologically stabilized set of socioeconomionstants. Every generation takes
essentially care of its own technical infrastruetuAn inglorious exception is former East
Germany. It had to be wound up in the end becaasephysical capital was financed under
governmental order with increasingly deficient mi@ance of the existing physical capital.

y(t) is defined in the full rang@< y<a by (3b). The corresponding ranfec k < z7iGa of
(9) defines with the next section’s total capitaae 7 the asymptotically approached final

state (a,k) of the industrial evolution. Its initial state i®t so simple. Industrialisation
started from the agricultural and guild society vehthe family was the economic uritand

k were not yet separated, life was at subsisteneel, l@and annual working time at its
maximumg =1 p. a. according to (1). Appendix Al describes tidtural transition of

separating work from home akdrom h as a programming exercise.

Recovery starts from the level of physical capiél after destruction, bl andh are already
separated, and Section 2 explained Wy h. This means from (9) that fau >1/£G, I. e.

for net growth, there must always be a point inetiof total symmetry wherédy, =k,
Y=Yo, and s, =W, =&/2 from (1). This happens at relatively low econorgeels. We

can use this point for calibrating the capacity aagital sharesk andh are designed and
educated as amplifiers of working time for prodgcihe GDP and of spare time for using and
enjoying it, respectively. We must take the en@PP because the contributions of public
order, education, and physical capital shown iufg@ are also improving the quality of life.
Making the simplest assumption of linear amplificat because it does not require any
unknown adjustable parameter, we obtain

(10) Ehyl2=y,=€Kky/2
for economic equilibrium. Comparing (10) with (8)da(9) yields for the initial capacity share

(11a) Vo =2/eE =0.032
and for the initial capital share
(11b) Ho =2/6G =0.080
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(11a) is shown with the straight line in FigureThe plot above this line is a better fit to the
educational data. But the difference to the stitdigle was essentially the Western answer to
the “Sputnik shock”, following the first satellitgbited in 1958 by the former Soviet Union.
It consisted mainly of extending university laboréds and research staff. This did not
increase human capacity greatly for the user sidd, whatever it may contribute takes still
the evolution constant for relevance. Thereforeaaeept (11a) for (8) as theoretical level for
h(t). Considering that there was so far no quantitatieee at all to a rational level of
educational investment we may be satisfied with kimd of agreement.

Main result:Human capacity embodies Adam Smith’s invisiblechdarhe cost of public order
correlates with the uneven distribution of wealthe nation’s educational effort in Figure 2
appears to be steady and reasonable except fora@grm

6. Investment in physical capital and its tradevath the growth rate

The time derivative of (9) ik = #Gy+ Gy. The total amount of support required for
annual addition and maintenance of physical cafsttderefore

(12) K+k/IG=uQ+Gyly)y+piGy=pay+jGy.
This is the generalized form of Solow’s seminafatiéntial equation for the generation of

physical capital from the GDP. The “total capithhee” 7 corresponds to Solow’s constant
saving ratio. It includes the maintenance tekrhGand the termuGy which keeps the
capital coefficientk/y constant. The new “capitalization termiGy is responsible for
increasing the capital coefficient. It was negldcte date because it was too small to be

observed for the USA. But it contributed up to 4ad4 for the fast recovery of Germany
and Japan from the nearly total loss of physicpltahin WW II. It was observed for the first
time in the investment as well as in the structuriétion [5, 6] explained in Section 13.

With ¢ = u, from (11b) and the long term averageiof 0.18 for the USA one obtains from
(12) for Solow's steady state growth rade= y/y = (f/ ty -1 /G = 0.05 p.a. fory andk.

This agrees with the mean growth rate of the USAtHe initial phase of recovery from the
Great Depression plotted in Figure 1.

The existence of the capitalization term allowsto be exactly constant and the balance (12)
exactly valid for the full range-o <t <o . This specifies a permanent trade-off between
increasingk and decreasing growth ratéy. Since this is also the intrinsic property of the

differential equations (2a) and (3a), the expomriinction must be replaced by the S-
function as the natural, exact, and general soidto economic growth.

Every economy can grow in principle until its totapital share is used up for maintaining
the accumulated physical capital so that nothinigfisfor further growth. That poor nations
grow faster than rich nations is no longer a mystert the law for equally diligent nations.
(12) defines also the optimal path of recovery bseat maintains the value of accumulated
physical capital.zz is stabilized with depreciation and investmente Tarmer is the most
effective incentive for maintaining the value ofypltal capital, the latter is stabilized because
banks defend their share of the economy by advagaginvestment.
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Diligent nations fix 7 at the maximum possible level. The record has &mwith gz =0.28.

Germany. Japan, and Korea recovered with §.26801. The USA converged with only 0.18
because the Great Depression was not a loss gbhgsical capital, and because the USA are
still consumption oriented with a relatively larggricultural sector.

Solving (12) for the capital share yields

(13) u=ull+Gyly).
It is shown with the plots for the USA and Germdnhyapan in Figure 2 with the data listed
below (2b) and (3b). Inserting the initial statg/ = 5, i = Ly ) into (13) yields with (11b)

(14a) H=U,(L+BG)=2(B+1IG)/¢
and its reversal
(14b) L=pucl2-1/G.

k(t) is now exactly determined by (3a, b), (9), (LHn)d (13). Besides the historic positions of
T, and 7, on the time scale only the four parametéyss, a, and zZ determine the time

dependences of andk. The first three are constants of our specieshab dll successful
recoveries must converge into one and the samectiok industrial evolution. The recoveries
in Figure 1 look so similar because the only fraeameter for a national difference 48 in

the range 0.18 17 <0.28.

Main results: The capitalization term generalizes Solow’s défdial equation. S-functions
are the natural and exact solutions for economaevtyr. The trade-off between growth rate
and wealth is an inevitable consequence of theeasing cost of maintaining physical capital.

7. Self-consistency and constant time shifts betvwegiables

When a storable quantity like physical capildt gains or loses value with a positive or

negative flowk(t ) the memory effect of the quantity’s finite reactior storage time causes

different time dependencies for both variables, aedl defined time shifts between them.
The latter are an intrinsic property of the econanyg usually also constants. There are three
regular cases:

Forced or assumed exponential growth and decayupeodhe same shape for all time
derivatives and integrals, but the exponential fimm¢s unlimited exchangeability between

amplitude and time prevents also the detectionxadtiag time shifts. Regular oscillations

produce constant time shifts which are easily oleskras phase shifts (Section 12). S-
functional growth causes different shapes for euatiggral and differential, but all time shifts

are constant. They can be easily measured whenatt@bles are normalized to the same
amplitude.

This means for the exact theory that the time shiitween GDP, human capacity, physical
capital, and their integrals and differentials aneactly observable, and that they are
completely determined b¥, G, and S or . Agreement of the theoretical shifts with reality
is therefore an automatic self-consistency testuoftheory.
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Figure 3 shows the time shift betweeandk for the UK, USA, and West Germany as
examples for evolutionary, smooth, and fast growglpectively.

140 USD 1000 ’ GER
120%
100?
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40?

20 -
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Figure 3: The time shifts between physical capt capita (data and theory
in US Dollars of 1991) and the normalized GDP (= from Figure 1)
for West Germany, USA, and™€entury UK shifted into 20century.

Using the identityce” = e”*2Y with At = (1/ y) Logc, and inserting (3b) and its derivative
y into (13) yields with some patience

(15) H=HY Yy
and from (9)
(16) k=uGy,.

The only difference betweew, andy is that the half times of,

(17 a) T, =T, +Eog(+G/E)=2061
and
(17 b) r,=1,+B 'log(+BG )

are simply delayed by 21 years for the evolutiord between 12 and 18 years for recovery.
The bars over the year 2000 in Figure 3 span 2@syeatead of the 21 they will measure in
2040 and beyond. The bars over the year 1940 spmatheoretically required 13 years for
Germany, 16 years for the USA, and 15 years foetry UK.

The early UK data are taken from [12], the othdadeom the national statistics. The dashed
GDPs are identical with the plots in Figure 1, nalimed to the final levels ok = Gy,

with Z = 0.18 for the UK and the USA, and 0.25 for Westraany. The UK’s evolutionary
data were shifted by one century into the time #ahFigure 3.

Figure 4 shows the capital share (15) 4084 /¢ instead of 4G for West Germany.
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Figure 4: Comparison of the capital shazeand / in per cent p. a. with the

normalized GDP and physical capital of West Germdarne theory applies
after renormalization of the economy in 1948 wtfith DM as new currency.

Also shown is their position relative yoandk, both normalized to 1 on the vertical scale. The
small contribution of the evolutioa(t) to the capitalization term shifts the maximumjofby

6 years to the left of West Germany’s halftimeedavery in 1971. The horizontal bar shows
again the time shift (17b). It is clear that th@etheory can represent recoveries only for the
entire range- o <t <o although it can be valid only after the economseisormalized for a
stable recovery. West Germany’s “Social Market Ecoy” was created in 1948.

Main result:The time shifts betwegnandk show that the exact theory is self-consistent.

8. The next financial crises and China’s convergenc

Many advisory groups were set up for making recommagons against reoccurrence of
global financial crises. According to the Report tbe High Level Group on Financial
Supervision in the EU *“the fundamental underlyfiagtor [leading ultimately to the 2007
crisis] was the ample liquidity and related loweir@st rate conditions which prevailed
globally since the mid-nineties, fuelling risk tagi by investors, banks and other financial
institutions” [13]. This means that the occurren€such conditions is accepted as fact so that
all proposals address only the symptoms.

The fundamental question is what force can causendition of surplus investment money,

because knowing it is definitely preferable to weytfor the symptom which so far meant that
the damage already happened. This force must oflyitne stronger than the forces driving

us into research, innovation, and investment, nosgeak of the investments considered
urgent by nearly every government. The superfiiciede is greed for high returns, a century
ago already the motive for suggesting negativerésterates for idling money. But we have
now an inescapable force which is stronger thanathgr, namely the biologic stabilization

of the industrial evolution.

The agreement between data and theory for the eeiesvin Figure 2 shows that the leading
economies grew nearly linear with time from 196@#be. According to (2b) linearity will
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continue through this century because of the eiarlig symmetry to the year 2040 and the
long evolution constant. This means with (3a), @&d (17a, b) that the real per capita growth
rate of physical capital

(18) K/k =y !y

decreases in this century for the leading nationwersely proportional to time. This is a
hyperbolic decrease as shown with the dashed(tikd dt)/k in Figure 5 for Germany after
1975. Presently the long term growth rate is fadiag nationsk /k [J0.014 p.a. per capita.
According to (18) and Figure 5 it will drop to 0%f.a. at the end of this century.

A 1000 USD p.a.p.capita
- \value of 1991
N\

. (dk/dtyk

= N W~ 01O N
~

1950 1975 2000 2025 2050 2075 2100

Figure 5: Prediction of annual investment in newsgbal capital for Germany
and China compared with 10 % of their GDP per tapChina’s controlled course
(dashed), and the growth rate of Germany’s physiapital in per cent.

Investors and banks expect however exponentiatn®tan investment. This gap between
expectation and reality causes the observed “cegnitissonance crises”. They are
inescapable unless the financial system adjustisetawery small and decreasing growth rates
for investment capital at the level of the indwdtrevolution. This will require a level of
modesty and professionalism that can hardly be a@&gdenvhen an order of magnitude larger
volume of speculative transactions takes place witgesame roof. But knowing now the real
demand for investment capital allows separatingonmgatible businesses clearly without
nationalizing the banking system.

The second kind of new banking crises are the nakitconvergence crises”. They are caused
by the transition from the large growth rates afongering or catching up into the small
growth rate of the industrial evolution. We rememirom Section 2 that the industrial
evolution is slow because there are no superioileges to copy from. China’s recovery is
especially fast because of the government’s eartly sdrict joint venture policy. It included
even the transfer of knowledge beyond the techryoh@gded for the actual joint venture.

The first convergence crises were observed betd880 and 1987 when West Germany and

Japan experienced a sudden decrease of new invesaimé employment. Their cause was
not understood because there was no idea of acaipaisle hierarchy between recovery from
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disaster and the industrial evolution. The decreasse put up with an undefined “weakness
of growth” in West Germany and a “hollowing out” #apan, which had even a negative
growth rate in 1983. Large sums of capital weredted. This is the recipe for damping
negative phases of business cycles (Section 12)it sl the worst that can be done in a
convergence crisis because we will see immedidkely there is already a surplus of capital
for investment when the gap to be closed in (3a)siees.

The forecasting power of exact solutions applie® @b all integrals and derivatives. When
for instance the data fgror k identify a stablez, all variables derived fromor k such asu,

y, k, or k etc. will automatically agree with their respeetidata. With this general rule we

could identify Japan’s real estate bubble fromareti reports. The data fg(t) disclosed via
the realf and the theoreticagli of (14) a systematic overvaluation &fby about half the real

estate value of Tokyo. Forecasting quality inclufdeensic quality.

China has the same parameteérss, anda as every nation for catching up and converging
with the evolution. It is committed to recover, sste convergence, and lead. Its GDP shows
from 1980 to date a stable support for physicalitahpf 77 =0.28. The OECD predicts
stabilization of the population at 1.6 billion. fahe of the predicted GDP per capita will be
in 2040, coinciding with that of the industrial éwtoon. When China maintains its integrity
and has the favour of peace, it will converge iry&@rs with the industrial evolution.

Figure 5 shows the annual additidn= HGy, of physical capital according to (18). The

vertical bars to the plots representing 10 % of &@P meant for West Germany thkt
decreased \b6-7= % relative to the GDP. 3 Million people lost th¢abs. A rough
estimate with linear accumulation from 0 to 8% amtsuin 25 years to a surplus of
004[25=1 full GDP of investment capital, in 1990 about ZMAJS$ per capita. Germany
was very lucky with the collapse of the former St\winion because it opened in former East
Germany within a narrow window of time just the simgy demand for investment capital. A
population ratio of 0.2 required just about 20.Q08$ per capita for a complete renewal of
East Germany’s physical capital to the West Gerleagl of 100.000 US$ per capita.

When 8 % troubled already Germany and Japan, Ghloas ofl8—-7 =11 %of its GDP for
investment can mean that up to 60 Million peopgeltheir jobs. For the global capital market

it will be a disaster because China will practigatiwn it. The surplus capital would
accumulate td.055[25= 1.45DPs per capita, or with a GDP of 42.000 US$ i6@and 1.6

Billion people 94110'3US$ in their value of 1991. Section 15 shows tia$ @mount
corresponds to the world’s total assets of 2007s Tdrgest convergence crisis of all times
can only be tempered with a controlled reductiotheftotal capital share used in production.
When started immediately, the dashed course resithsa reduction ofz from 0.28 to 0.23.
This reduces the convergence parameter from 0.0®%5 p. a., and the depth of the crisis to
the critical but survivable extent it had for Jap#inseems that China can use its surplus
power for stabilizing the existential conditionsti& inland provinces.

Main results:The banking system must adjust to S-functionaimgino The industrial society’s
worst predicted convergence crisis can be tempetezh China starts immediately with a
controlled reduction of its productive total capghare in favour of improving the existential
conditions in the rural provinces.
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9. The inevitable trade-off between leisure andkngy time

National employment levels are stabilized near ibdt least because reproduction is the
responsibility of pairs. This leaves working time the only valid variable for labour. Since

the distribution of unpaid work at home and paidkvout of home is on average fair, paid
and unpaid working times are comparable. Then tpares times for employed and

unemployed are also comparable. This means thatrdlde-off (1) in Section 2 between

working time for producing the GDP and spare timoe dsing and hopefully enjoying the

GDP is an essential part of economic equilibrium.

Industrial development shows that the design ofspay capital determines from ploughs to
hospitals the qualification as well as the annuatkmg time required for operating physical
capital. The required annual working time deperdsefore on the current mix of actually
built and operated physical capital. Working andrsptime are therefore cultural variables
like life expectancy and industrial evolution. Figué shows this with the anti-correlation
between the official weekly working time(t) andL(t) or a(t). It also confirms the maximum
annual working time of 96 hours per week introduath (1) in Section 2.
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Figure 6: The cultural variables of the industrgdciety. L(t) in years and a(t) in
US$ 1.000 p. a. p. capita from Figure 1. Offigieorking time w(t) in hours/week
for UK (points) and Germany (circles) comparedhitieory from Appendix Al

The plotw(t) is a programming exercise in Appendix Al for thétwral transitions from
agriculture, where work was still united with hoarad the village, to manufacturing, and now
to the lap top officew(t) is a cultural variable because it also shows faadtrace of last
century’s disasters. Obviously the design rules Koare also paced bf. This can be
understood when the technical subset of the retduamwledge must be embodiedhrprior

to its design intk. As already mentioned with Figure 1, the dashadrsition of the UK was
due to the growing competition of Continental El@@md the USA.

Barro and Sala-i-Martin [14] gave a comprehensiuangitative account of the central role
neoclassical production functions have since Sdgoneering work. For mainstream theory
they offered with the exponential function thetfiasscess to industrial dynamics. Neoclassical
theory allowed also using the beautiful theory aftial derivatives and explaining the
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important phenomenon of diminishing returns. Bugigeing it into the theory with adjustable
exponents spoils the forecasting potential of exaathematics, and the need for introducing
fractional exponents shows that the production ggeacannot be really understood with the
costs of work and physical capital.

The condition sine qua non for using the theorypaftial derivatives is that the input
variables are independent. Otherwise their depargdeiust replace the production function.
Two more problems join in leading the way to th&treection’s replacement of mainstream
production functions with an exact expression.hia ong run the technical level is included
in the value of physical capital because not evenrhanufacturer can separate them, and
fractional exponents are and create non-existirgntiies so that the relevance of results
obtained with formally allowed mathematical opeyasi is not guaranteed.

Main results: Mainstream production functions cannot describ@adyic processes and
continuous equilibrium because labour is not arepesthdent variable. Working and spare
time are cultural variables like the life expectaaad the evolutionary GDP.

10. The equation of state for dynamic equilibrium

Physical capital is designed as amplifier of humanking time. This means that the GDP is
proportional to botlw andk. But the symmetry (10) used for calibrating thiéiah values of
the capacity and capital shares (11a, b) is logtnwphysical capital is duplicated fast with
money, because it does not carry relevant knowleagereas increasing human capacity per
capita needs time for learning and social inteoactilTherefore the asymmetry would change
faster in favour of producing the GDP than theuwalt variables in Figure 5 plus spare time at
home could follow.

The resulting disequilibrium becomes untenable sshkn increasing part of physical capital
is produced for public and private use instead rfwore production. This explains the
increasing expenditures for housing and mobilitgey{ improved the existential conditions
but did not necessarily increase the spare timhoate. When the park,, remains for

production, the GDP is given by

(29) y = wk,y .

This relation is exact, but it is not a true praitut function because depends ok as shown
in the preceding Section. The validity of (19) mnfirmed by the agreement wof(t) from
Appendix Al with the data in Figure 6. The very pienform (19) is mainly due to the choice
of £ =1 p. a. as unit for measuring working time. Thes ¢hpital coefficienk,,/y =1/w for
production represents formally the number of yeassould take to produce,, with the
same productivity of producing the GDP.

Since we want an exact expression for the equilibribetween all variables of production and
use, we need a corresponding expression for lifieoate. When physical capital amplifies
working time for producing the GDP, symmetry regsithat human capacity amplifies spare
time for using the GDP. Sinde,< k, the human capacity needed for the user side aisrst

be smaller than the educated value following fr8n k.< h. This yields with (1) and (19)
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(22) (£ -w)hg =y =wk,,.
We call this pair of equations the “economic equabf state” because it defines the dynamic
state of continuous equilibrium between all varsbl

(2b), (3b), (16), and (22) are without any adjuktgarameter valid results for times of peace,
and the main predictions of the exact theory fameenic growth for the full rangé<y<a.

An existential minimum for the reproductive minimwhthe life expectancy is introduced in
Appendix Al. Beyond that the main question is houcmwork people are willing or forced
to accept for an increasing public sector and maysiapital they cannot own. That the entire
GDP must be taken for quantifying economic equilitor instead of just the consumer goods
was explained already for the symmetric equilibricondition (10).

(22) can be resolved for the dependent variahlesthe annual working and spare times

(23a) w=£hy/(hg +k,)
and

(23b) s=2k,/(h, +k,),
and for the exact production function

(24) y = ehk,,/(h +K,) .

Whenk and k,, are produced with the same productivity, and tmeeses assumed for human
capacity, we have

(25) k,/k=hy/h.

h,and k, follow from resolving (22) for the independent \afes sincev andy are known

from national statistics. Whereas the value of mlayscapital can be exactly measured for
every piece of equipment, the individual values hofman capacity cannot be exactly
measured. This gives capitalism a quantitative athge over the other alternative where
human capacity and spare time for life at home ade the primary quantities for the
industrial society.

Section 6 showed th&truns parallel toy with the time shifts given by (17a, b). The same
procedure yields

(26a) h=(h/a)y,
with
(26b) h=a/e(l-1/7£G)

from (24). The difference betweey, andy are only the time shifts

(27a) T, =T, +ELog[1-G/E(zeG -1)]
and
(27b) I, =7, +@/B)Log[1l- fG/(ieG -1)].

Both time shifts are negative, for Germany — 5 an@é years for (27a) and (27b). They
compensate the positive time shifts (17kaind k,, so that (24) and (3b) coincide.

Figure 7 combines all main values for Germany. [Bber entry of Germany compared to the
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UK and its rapid recovery after WWII are seeryirk,,, and also inhg as explained for (22).

When the disaster is short comparedtand education continues at the same relative,lbvel
is unchanged because relevant knowledge per cepitadestructible. This is different for
nations starting late with industrialization andueation. Section 8 explained China’s
effective joint venture policy for solving both fmems.
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Figure 7: The normalized values of L-30 aii@ with y, k,,, andh, from Appendix Al

The proximity of hgto y and consequently df(t) to a(t) proves that guidesL(t) anda(t)
nearly simultaneously.

Figure 8 and is caption offer a geometric explamatf the equation of state (22). The
parametric data are from Figure 5 with the GDPmffigure 1. Plot 1 would result when the
full k would be used for production, plot 2 results kgyaccording to (19), and plot 3 would

result for full symmetryk, =h, =2y, /. The dashed line shows the existential minimum
Eh, =y, =€k, introduced in Appendix Al.
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Figure 8: Geometric explanation of the equatiorstfte. The statehg ,k, , w, y) is given by
the intersection of the straight lines fehsand £k, . The scale is in 1.000 US$ p.a. of 1991
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Main results:The equation of state expresses the continuousnaignequilibrium between all
main variables without adjustable parameters. Adamnith’s invisible hand is embodied in
the human capacity of every individual.

11. The real cause of diminishing returns

We have seen that the S-functional shape of hunagacity, mean life expectancy, and
evolutionary GDP per capita is the inevitable copsmce of biologic pace control and
stabilization. After successful recovery this applalso to physical capital. The S-functions
look as if the diminishing returns we know from m&tream theory would also exist by virtue
of the exact theory, but there doesn’t exist angngity with an absolute diminishing return.
There is only the human species’ omnipotence land the corresponding diminishing gap to

be closed for reaching the asymptotic lindtand L .

The relative diminishing returns follow from thewtture of (24): When one stored quantity
is large compared to the other, the GDP is limiigdhe other. Tracing back the derivation of
(24) discloses that the real cause of relative mighing returns is the conservation of time
expressed by (1): We have only one and the same fomusing and producing the GDP.
There is also no reason for assuming any non-litygarthe products of (22). The new theory
is complete and exact without any adjustable patame

The inversion

(28) 1/y=1/ehg +1/ ek,

of (24) shows the relative diminishing returns dilg The larger a stored quantity, the
smaller is its relative contribution to removing tbbstacles for a better life. Alternatively one
can think of projecting the user capacity ontopghaducer capital and vice versa because (28)
is formally identical with the optical imaging fouta for mirrors or lenses. The GDP
corresponds to the focal length, but the decisifferénce is the goal to increagewith the
feedback loops (8) and (9). The best models amefitve flow diagrams with their perfectly
known rules and device characteristics. In fachpse water flow models of the economy
were constructed in the UK and Germany shortly tge¥/WII.

(22) to (24) and (28) are still symmetric and naluwith respect to the storable quantities.
Differentiating (28) with respect to time yields

fg/hs . Kulky
1+hg/ky 1+ky/hs

y

It shows how the contributions to the GDP growtte raf an input's growth rate deceases
with the increasing value of this input relativetihe other. This confirms that human capacity
and physical capital must be increased togetheh®spptimum path.

Main results:Absolutely diminishing is only the gap to the humspecies’ omnipotence limit.
Relative diminishing returns betwedm and k, are due to the fact that we must divide our

time between producing and using the GDP.
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12. An exact theory of business cycles with dampliogs, and risk

In Section 2 we found out that the economy hasetdsggamical responses where one can be
oscillatory. More or less regular fluctuations asdled business cycles. Their legitimacy is
controversial. The situation is best described gy ihndwidth ranging from accepting the
physical oscillator equation [15] or the Lotka-\@ta equations [16] a priori to denying the
legitimate existence of cycles because a propagsumissing [17]. This is actually justified
because the mass and restoring force propagaticigscin physical oscillator systems are
missing in flow systems. Then the oscillator equatannot explain why cycles should exist
at all. The decisive quantity for proving that a dgmc response is more than the economy’s
reaction to shocks is the product of damping carisdad cycle period, but so far both have
not been derived for a real economy because thedgepends on the damping.

On the other hand the causes and control of urstabivth, unemployment, and inflation are
central problems of the industrial society [18]. iFheomplexity, documented by many
schools of thought, seems to exclude analytic swiat Controlling unemployment, inflation,

and growth is therefore based on rules of thumbraathematical approximations. A typical
example is the phenomenological relatigni =-(1...2)Au for the percentage change

between inflation and unemployment known as “RtsliCurve” [18].

Figure 9 shows the only existing example of 4 contee business cycles. Its 1965 wing
corresponds to a Phillips Curve, the ideal but stsoable growth phase of small inflation
with increasing employment. Considering that thisige was exceptionally long because of
the Vietnam War, the average period of cyclestierdntire sequence are the biblical 7 years.

We use for Figure 9 the mirror image of the origjimaorder to get the standard phase
direction for polar coordinates. The added ellips@nalyzed for phase relations in Section
13. It shows the approximate range of regular cyafeer correction of the large perturbations
by the added arrows, explained in Section 14 aprak shocks. In contrast to every cycle’s
specific Phillips Curve the axis direction of tHipse averages over all cycles.

14

N0 inflation

12}

10}

8

6 . )
'

, 83

>% employment ‘ ‘ ‘
91 92 93 94 95 096

Figure 9: Four business cycles of the USA from 19619&P adapted from [18].
Arrows identify crude oil price shocks. The ellips#icates the corrected range
of cycles. The numbers in the plot are consecytages from 1961 to 1992
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The first oscillations in flow systems were obserirethe 19" century when bookkeepers of
the Hudson Bay Company analyzed synchronized faticins of the trapper’s fur deliveries
from hares and foxes. Ginzburg and Colyvan gaua\aey of population cycles [19]. The
possibility of cycles was demonstrated in 1925/28 whe Lotka-Volterra equations.

A better analyzed case of predator-prey oscillatiare the relaxation oscillations of Nd:YAG

lasers observed in 1970 between exited states )(faeg photons (predators) [20]. The

oscillations cover the entire range from noiseuib geriodic clearance of excited states with
high power photon spikes. Since the lifetimes dfitex states and cavity photons are in the
micro- and nanosecond range, the cycles could beniered within milliseconds instead of

waiting for 30 years as with Figure 9. If their aomic relevance had been known, the
experiments would have been extended to study aowfr business cycles and shock

resistance in detail. This is still recommended beeaiow it could be done in many labs with
much less effort.

A 7 year cycle period cannot be duentand k because of their long reaction and life times of
62 and 25 years. The relevant quantities can onlgdmsumer goods and the associated
employment, income, and inflation. Since the surprofiuced and consumed products with a
phase shift between them cannot produce a cleaalsitpe pair employment and inflation is
observed in Figure 9. The following theoretical aletvia consumer goods is nevertheless
necessary because a direct non-linear couplingdsgtvemployment and inflation is difficult
to see and formulate. On the other hand we needralimear coupling term between
production and consumption because we can onlyset pair of linear rate equations for
each subsystem, and linear systems cannot oscillate

The non-linearity is caused by the consumer markealse it is stimulated simultaneously
by demandy and supplyp. This means that the market exchange term is ptiopaft to the
productpg. We note that the equivalent product exists absthé equation of state (24), but
there can be no oscillation because life and themraalation of relevant knowledge are
irreversibly locked to the passage of time.

We assume that all producers have a time horizdor producing p consumables so that the
annual flow isp/7,. When the consumers have a time horizgnfor consumingg goods
their consumption rate ig/ 7. Then the consumption balance is given by theegt&tion

(30) q=pa/pry-ql/zy.
We have used for simplicity the fact that a constaormalizing denominatom for the
market exchange ternpg/m vyields for stable equilibriump=p and = 0 the result

m = pr,.

As the Nd:YAG laser experiment and numeric solugishow, a non-linear market based on
(30) and an equivalent equation for production lsartotally cleared. An analytically closed
solution for business cycles can however be obdafoe small oscillationsq=q+Jdq and

p=p+Jdp so that the non-linear product terdpdq/ pr, can be neglected. Then (30)
yields
(31) 04 =(q/pry)op.
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We assume also that the producers can adjust @ofracof their production for anticipating
changing demand, and that there will be a smadl tate p/ 7, in the distribution chain. Then
the production balance is

(32) p=plr,+xoplr,—plt, - pql/pr,.

By insertingp = p+dp, eliminating allp-dependences with (31) and its time derivative, and
neglecting the product ter@pdq, we obtain finally the oscillator equation

(33) o4+ (1-x9oq/r, +A-1,/1,)0q/7,1, =0.
Its damping constant, defined by the exponentiehg® g = 5qoe_tm’ of cycles, is given by

(34) d=(@1-x)/2r,,
and its circular base frequency by = U1-7,/7,)"? (7 ,;7,)"?. With & = & —d?* and
T=2n/ca the period of the oscillations is given by

(35a) T =2m(r 1) "* Q-1 /1, - A= X)?1, 147,) "%
The observed period of 7 years means that the tonedm of producers and consumers is
still the agricultural calendar year, =7, =1/&. Then (34) simplifies to

(35h) T =2/ [1-1ler, - - x)%14]7Y/?
With a loss rate ot/7, = 0.1 p.a. and a producer flexibility af=0.5 we obtain 6.9 years for
the period and with (34T d =1.7 for the decisive damping-period product. Thisams that

an oscillation propagates to the next cycle wittaeplitude ratio ofe™™™ =0.18. This is just
about enough to speak of an oscillation and exphainy real business cycles are so rare. The
sequence of 4 consecutive cycles in Figure 9 wasstad by three external events whose
spacing was close to the cycle period (Section 14).

When shocks affect primarily the consumer marketdamping constant is simultaneously
the economy’s reaction time for reaching a new ldgwim condition. Then the 1/e-reaction
time is always given by/d =2 years because by definition a shock cannonhlieipated so
that x=0 in (34). This agrees according to Figure 11 ofti®acl4 with the 2-3 year
precedence of the interest rate’s return to noroedbre the first collapse of the oil price
marked “SU” occurred. Figure 9 shows that unempleytrfollows about 1 year after an
inflationary shock, and that employment follows aba year after the return of inflation to
the normal level of the ellipse. Employment drivéecks lead in turn to 1 year delays of the
inflation rates.

For a 10 % oscillation the producer must anticipaith x =0.5 only 5% of his production
correctly. His risk is relatively small, but he mksow the phase which will be analyzed in
the next section. But when he knows the phase assater, he wins whatever he anticipates.

Main results:Business cycles can in principle occur for consugwods with the calendar
year as planning horizon. This results in a basmg@eaf 271 years. Clear cycles are so rare
because without anticipation the damping cons&Gt% p.a. corresponding to a 1/e reaction
time of exactly 2 years.
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13. Structural and cyclic inflation

The four arrows in Figure 9 correspond to the aitgjumps identified in the next section.
Their correction brings the data points inside thpse

(36a) e=eg, +oecos(wt)
and
(36b) y=Vyo +oycos(wt-9)

plotted in the unit of per cent with centerseat= 94 for employment ang,, =4 for inflation,

the amplitudesde=2 and dy =3, and the phase shitt =n J/4The time delay of inflation
relative to employment is

(37) At =(¢/2n)T

whereT =2n/a =7 years is the mean cycle period from the preces@ngion. That inflation
follows employment withinAt =T/8=0.9£ 0.1 years confirms the estimated reaction time
for salaries [18]. The accuracy follows from theswity of the axis ratio to a change ¢f.

It is better than expected with a one year resmhutf annual statistics since the ellipse
averages over four cycles. The desirable boom pifatbee Philips Curve corresponds for the
amplitude ratiody/ oe = 3/2of the ellipse (36a, b) to the phase raage= (1.3...1.7)71.

In order to avoid inflation and deflation the cahtbanks try to keep the ratid = em/y
between the money supply and the real GDP constant. The inflation rate

(38) yEAld=mim-yly

vanishes when the money supply rate equals the geanth rate. With increasing
employment and GDP the money supply is increasedir Bombination leads to inflation.
The following negative phase is fought by injectimpney again which is generally not
removed in the following boom. The long term ressitthat the mean value of the amplitude
dy =0.03 p. a. of (36b) tends to be the cyclic contriuto the long term inflation raje, .
The remaining question is the cause of the neargtemt shifty, — dy of the ellipse on the
vertical axis in Figure 9. The conditiome= Ay which led to the relation (38) is formally
identical with (9), the maintenance conditi@iG = 1y for physical capital. Inspecting the
total annual support (12) fdc shows that the annual additigine Gy to the GDP is not
covered byy. This means that the long term inflation rate igegiby the ratio of this new
term to the GDP,

(39) Yo =0y = JIEG.

We call this inevitable contribution “structuralfletion” because is due to the structural
change of an economy when its capital coefficiehy is changed. It is plotted in Figure 10
at the bottom for the USA and agrees with the s#lip base shift observed with Figure 9.

The West German data in Figure 10 are a superpositichree contributions. The large
fluctuations correspond to the oil price shocksvanan Figure 11 for the USA. The dashed
plot is West Germany’s structural inflation rgte G following from (t)of Figure 4. When

it is corrected for the total lack of any returmeni investments made during WWII, one
obtains the base line plotted within the fluctugtdata. This means that for both economies
the capitalization term in (12) results fully imsttural inflation. This is the consequence
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of duplicating physical capital just with moneyei, without additional knowledge.

0.1 ratesp. a.

0.08 interest
0.06 re

0.041 ~ inflation
0.02
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Figure 10: Structural inflation and interest (poihia West Germany
compared with theory (plots) and the structurdlation of the USA

Since only the principal must be paid back after igreed period the banks must include
inflation rates in their interest rates. The upplet s the sum of West Germany'’s inflation
rate and a 4.5 % net interest rate. The data areeff@ted intermediate term interest rates.
After 1985 the German banks reduced their interatts due to the global surplus of
investment capital after the convergence crisgsasfnany and Japan disclosed in Section 8.

14. Oil price shocks and China’s energy demand

Figure 11 compares the crude oil price with the safnthe inflation and unemployment

percentages of Figure 9. The unit of one third dfaarel for oil and a base line shift for

inflation were chosen to emphasize the concluskat bil price shocks caused the large
excursions from the regular range of business sycle

90 .
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80 — oo
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65
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Figure 11: Comparison of crude oil price (dashedgurrent US Dollars for 53 liters
with inflation rates in % from Figure 9. The vediaxis is the time from 1961 to 1992
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JK and IR stand for the oil price jumps due to the Jan Kippaorbargo and the Iranian
Revolution. From 1973 to the 1981 peak the totat ab crude oil had increased to over 60
US Dollars per barrel corresponding to 187 US$ddte with 4% average inflation p.a. For
the USA it meant an increase from originally 2 tpe&¥ cent of the GDP, an extremely steep
and large shock. The governmental subsidy duringkhgmp was not successful enough to
be repeated for thR jump. SU denotes the drop of the crude oil price due toctiiapse of
the former Soviet Union. The smaller peaksandV were due to the Kuwait and Vietnam
War. The net result of the liberal inflation poliof/the USA was that the OPEC countries got
in real value less for their oil than before thee@rhike.

The preceding sections showed that the industralluden was from its beginning paced and
limited by human biology. The first challenge tosthimit will probably be our fossil energy
reserves. Directly associated is the climate semasi€O, release and indirectly the fresh

water shortage, because it will require desalimatid sea water and transport over large
distance, which reduces in the end also to theggrn@oblem.

Figure 12 shows the total flow of primary energytfte nations at the evolutionary level, for
China, and the sum of both. Assumed are for thedora stable population of a billion people
with the present flow of 6 kW per capita, growingoportional to the GDP (2b). The
assumption for China is the OECD’s projection of ydagion growth from 1.3 to a stable 1.6
billion people and the same proportionality of deschegrowing according to (3b) with
4 =0.28 andf =0.10 p. a.

401 bnkw

Sum

30 |
20 |

10}

2000 2020 2040 2060 2080 2100 2120

Figure 12: Prediction of the flow of primary energy L billion people at the
evolutionary level, 1.6 bn converging Chinese, irasum in billion kilowatts

The average o25010'°kW for the next 100 years will be increased by ribst of the world
to about35010° kW. This is not a problem compared to the Gulf &mewhich transports

about1.4[10* kW into the North Atlantic. But we burn alreadywevery year a quantity of
fossil energy which took 1 to 0.5 billion years ape sun and life on earth up to 1 million
years to produce. That this million-foldO, release cannot leave our climate unchanged is
clear without having to believe in the results omplex climate studies.
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The present world consumption is wiei10**kWh p.a. only slightly larger than the sum in

Figure 11, and 90 % of it is obtained from burni®810™ barrels (159 litres) p. a. of oil.
The safe reserves are estimated to last for 50-&6syfer constant consumption. Even when
China continues to use mainly coal, Figure 11 melaasalready the children of the affluent
nations will see the return to coal and railroads.

Crude oil is our most precious resource for orgamemistry from fertilizers, fibres, paints
and plastics to construction materials. Just bgrrinfor heating, air conditioning, and
mobility is the most uneconomical human act imaieafter a third world war in terms of
the cost to global resources. The problems discdwerth the first net output reactor ITER
show that nuclear fusion, the hope for safe anohited energy supply, will come too late for
saving oil. Our presently most rewarding economadtdrnative is building as fast as possible
thermo-power plants in the desert for generatiegtatity, fuel, and fresh water, the latter for
the people owning the land and working there.

Main results:The first problem of staying at the level of theolewion will be the energy
supply. Industry must urgently find a safe alteweafor gas and oil. Preferable to burning
coal or every other big effort is developing andding thermopower plants in the deserts.

15. Evolutionary pension funds

According to Figure 3 the life expectancy reachedthie leading nations the traditional
retirement age of 65 between 1950 and 1960. Ajréaeh it was clear that tax based pension
systems with constant retirement age must collagsener or later. With a constant
employment level, an average working life of 43rgeand a maximum pension time of 118 —
65 = 43 years, half of the income would be needstl for pensions with a relatively low
pension level of half the working time income.

In the following we analyze the other extreme o€ awllective pension fund for everyone
with a total volumek(t ) Its annual return is given by the effective ietrrate(t ) The

pension levelo is given by the ratio of the average pension ® ¢hrrent GDPy(t) per
capita. We will have a relatively low pension leveéhen we assume that every individual
above retirement age gets his or her own retirenrmmame. We also assume that the fund
pays at least the existential minimum to everydter aetirement age so that there is no need
for maintaining any tax redistribution system fetirement.

The fraction p of pensioners is given by the ratio of two integrane over the tail of the age
distribution above the retirement aBeand the integral over the entire distributionohder
to understand the functional dependencies betwdervaaables we simplify the age
distribution with an S-function decreasing symnuatity to the mean life expectancy with a

decay parameteD =10 years. This results inl e? tail width of 40 years. The integrals are
equivalent to (5) and (6) with the results

(40a) Peo 0 049/(1+e1992°1)/48
and
(40b) Pgs [0 028/(1+ (1965140

when the retirement age is increased from 60 tpaB&llel to the life expectancy (6).
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With these parameters the required level of the fargiven by the balance

(41) k,=opy.
Comparison with (9) shows that the fund’s balarmeesponds to the maintenance balance of
physical capital withu = o p/zG and a total capital share gf=op/zG.

Figure 13 shows the required assets of three fulvdb. a stable interest rate @af=0.04 p. a.
above inflation andp =0.49 or 0.28 from (40a) or (40b) we get @r=0.4 as resulfi =0.20

or 0.11, respectively. This means that the fund roust for the USA {Z =0.18) more than

its entire physical capital for retirement at 68daver half of it when the retirement age is
increased to 85 according to (40b). For GermanyJapan the corresponding levels are 75 %
or 40% of their physical capital. The dashed funetllevould be needed for the 85 fund with
an interest rate of only 3 % p. a.

500 ‘ ‘

- 1000 USD per capita
400 | values of 2007

[ 85-3 -7 |
300 |
200 |
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Figure 13: The required assets of 3 pension fungsngafrom 4 or 3% net interest 40% of
the GDP per pensioner for retirement at 60 or gnogvio 85. For comparison Germany’s
physical capitak, total wealth of Germany (circle) and the USA (ppiand the level of
total global assets when 1 bn people at the emolaty level had equal access to it (star).

Recently the “Issing Report” [21] estimated the amtoof global assets in 2007 and their
distribution. In units ofl0** US$ their levels are 5.5 in the top 1.000 badks,in mutual
funds, 2.9 in pension funds, and 1.8 in insurarepanies, in total US$4.610". The star

in Figure 13 results when the satf®people consuming at the evolutionary level 6 kW in
Figure 12 could equally share this total asset iparsind. Comparing this with the present

pension fund level 0f29110'3US$ means that the latter covers less than 20%hef t

pensioners, provided they had equal access tautite But this is not the case f6° people
because existing pension funds serve only a fractidhe people at the evolutionary level.

The overall result is that pension funds would atsbut satisfy the minimum demands for the
nations at the evolutionary level when their volueomparable to the entire global assets.
Minimum means a pension level of 40% of the cur@biP, increasing mean retirement age
to 85, and a minimum net interest rate of 3% p.a.
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Aside from the fact that private saving for retierhruns the risk of total loss in case of war
or financial collapse, we see that the other ex¢r@fmone collective pension fund requires a
nearly flat distribution of wealth. But except fdapan less than 15 % of the population own
85 % of the national wealth. The third problem ohgen funds is that due to the small

growth rates after convergence an interest rate%fabove inflation can hardly be expected,
especially after China joined the evolutionary leve

Main results:Uneven distribution of wealth and small evolutipnaterest rates are serious
obstacles for privatizing provisions for retiremelnt this century a mandatory retirement age
of 65 should be increased by one year for evergdisy New concepts are needed for a fair
distribution of working time.

16. Using the theory

This theory predicts the mean life expectancy, @BIP per capita, physical capital, its
component needed for production, cost of maintgitiem, annual investment, their growth
rates and integrals, cyclic and structural inflatiannual working time, and required natural
resources for every nation and region in times edige. Human capacity, its component
needed for sensibly using the GDP, and the minincost of formal education follow from
the equation of state. The time dependences otualhtiies are given by continuously valid,
analytically closed solutions of three differentejuations. They express the human species’
talent for copying relevant knowledge from eacheotland ultimately from nature with
research. The entire set of required parametercesdw 3 constants of the human species
and one national constant. There is no adjustalvéapster.

National and regional diversity depends essentiilly on Solow’s saving constapi. This
allows an effective and fast diagnosis of econostétes for comparison and prediction. The
series of convergences shows for instance tharé&igwpens under the industrial evolution a
“field” for the GDP where every poiny (1) has its optimal growth rate and slopeaccording

to (3a). The fastest way for identifying the econostate is plotting (3b), and adjusting the
half timer, and the parameter of convergegicdor agreement with the inflation corrected
actual GDP per capita. The time for conversion efékchange rates is 2007 for Figure 13,
and 1991 for every other figure showing monetarjues From S follow &, u, and
physical capital.

The corresponding procedure appliesitoand £ in Figure 2 k and k in Figure 3 and 5,
annual working time in Figures 6 and 8, and inflatand interest rates in Figure 10. Every
agreement with an exact solution is a valid preoicof the nation’s development. The self-
consistency of the theory means that when agreensessatisfactory for one variable,
agreement will be found for every other variablesd@reement points to incorrect data or
even corruption, often indicated with fluctuatimflation rates and saving constants.

Non-negligible population growth rateg/p can be taken into account by replacing the
generation consta@ with

(42) G,0G/(1+Gplp).

It means that a population growth rate of 4 % ploaibles already the cost of just maintaining

the per capita value of physical capital. Suchgh lpopulation growth rate all but excludes
the possibility of real economic growth, i. e., fisproving the population’s quality of life.
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Main results: The figures provide the fastest route to quantifyg gredict national and
regional developments and to compare them withagpmum path of the exact theory.
Population growth can easily prevent real growth.

17. Discussion

It was always clear that exponential growth carmothe true growth law because nothing
can grow ad infinitum for use by a finite entity b an individual or our planet. Therefore the
only surprise of the exact theory can be its defirproof that human biology controls

economic growth. That the S-functional growth lawdrae observable only now is due to the
fact that the transition from exponential to nednhear growth happens according to (3b)
within a few years around—-2/4. With r =1971 andf =0.090 p. a. this time coincided, as
indicated in Figure 4, with West Germany’s and d&p&conomic renormalization in 1948

and 1949.

The corresponding time for the USA is with 1925 el@nough to the Wall Street Crash in
1928 for suspecting at least some correlation. Teesponding time for UK’s evolution is
T, —2E = 1916 which fits the stagnation period observabl€igure 1, but we would not

stress this point beyond its general relevancéh®ibanking crises discussed in Section 8.

The proof of human biology’s control of economic gth is given fivefold with the
following discoveries and their quantitative ex@#tans:

> All successful recoveries converge into the imdalsevolution. This is shown with Figure 1
and quantified with (3b).

> The life expectancy parallels the industrial eviolu (2b). The bio-economic relation (7)
shows that their time shift equals half the miiaal life expectancy.

> (3b) solves simultaneously Solow’s generalizdtedgntial equation (12) for duplicating
physical capital with money. Also significant biologic control is that capitalism’s
stronghold (12), inflation, and interest are dmly occasions where money was
indispensable for the exact theory.

> Working time is a cultural variable like the irelual evolution and the life expectancy.
This is shown with Figures 6 and 8, and quartiireAppendix Al.

> Every parameter of economic growth reduces teethomstants of the human spedes,
aor L, and one national constapt. That the latter is determined by what people are

willing to save in competition with existentgbods and services reduces also to the
biologically dominated question of the bestgiole life.

The frame consisting of these 4 constants, 3 diffeaeequations, and the equation of state
provides economic stability, forecasting power, amehrly perfect agreement with the
observed time dependences afL, hg, k, ky, 4, w, y, and their derivatives in 4 leading

nations with different cultural backgrounds. Alloptems left or originating from earlier
theories are quantitatively explained or simplysdige in the frame of the exact theory.

It is possible that the biologically stabilized stemtsL,a, E andG change slowly at a rate

small compared ta&1/E p.a., because that cannot be detected withinhibie kistory of the
industrial evolution. A serious resource shortagenet necessarily change these constants
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because one region or nation of sufficient size podier can perpetuate the industrial
evolution.

The controversy over endogenous or exogenous cafisgsonomic growth was fuelled by
the contradictions between technical progress agenous cause, the exponential function’s
lack of an external driving force, and the phenoomeaf diminishing returns. Paul Krugman
found that increasing returns are possible withrnegional trade [22]. This may be extended
to include sectional advances like that of inforimattechnology, prematurely celebrated as
“new economy” before China began to clear the nmaarkets of the “old economy”. Paul
Lucas and Robert Romer found that non-competitivewkedge stored in educational
reserves or still unused prototypes [2, 3] play ecislve role. We identified them
quantitatively in Section 10 witlh - hgand k —k,,, but they are not required for the exact

production function (24) because there are noifsaat exponents since diminishing returns
are due to the trade-off between working and spianre. They had caused the search for
hidden or wider definitions of input values as dssed by Robert Barrow and Xavier Sala-i-
Martin for k [14]. The opposite problem &, < k is solved in Appendix Al.

As every natural scientist and engineer can tedtiky ultimate driver of economic growth is

new knowledge obtained from nature with curiousaesh, i. e. exogenous. On the other
hand we have with the generalizing tegisGy of Robert Solow’s differential equation for

duplicating physical capital (12) a relevant enduges contribution to economic growth. This
term is the basis of capitalism because it incregdg/sical capital beyond proportionality

with relevant knowledge, human capacity, and thaewsionary GDP. It causes also the full

structural inflation rateze G shown in Figure 10.

Since spare time is given by (1), the only new gtyanf this theory is human capacikt)
per capita, the individually distributed carriertbke industrial society’s relevant knowledge.
Its part hg required for economic equilibrium is exactly quaed with (22) by GDP and

working time. The individual values bfcannot be exactly measured. The main reason is that
h includes decisive heritable components which haveconomic value because they consist
of non-payable endowments. They provide the humagiep enormous capacity to adjust
even to extreme existential conditions. Only thii&:tional shape and the mean value# of

and hg are exactly defined in this theory. But these praps qualifyh as Adam Smith’s

invisible hand for maintaining economic equilibriuffhis is probably as far as one can get
with the present level of knowledge about humaracayp.

The theory has other attractive characteristiceedy our undergraduate students can derive
the economy’s essential dynamic properties withirsetf-consistent frame of very few
differential equations and constant parametersyyewe with a clear meaning for human life.
The equation of state reveals for the first time ititensic beauty of the economy with its
simple symmetry and conservation of time for lifedavork. The theoretical gap between
economics and the natural sciences is closing lsedie relevant knowledge stored in human
capacity is not separated into academic disciplines
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18. Outlook

The immediate future depends on how fast the firsnltsaster will be overcome. Since such
events cannot be officially anticipated, (34) irc 12 shows withd =0.5 that the shock
was overcome in late 2009. The recovery tifstelepends then on the nation’s position along
the growth path (3a) and the amount of public disint accumulated for surviving the disaster
relative to the annual valug/& of the GDP. Assuming to first order again a linear
relationship one obtains

(43) At=(eamly)l(yly).

It will be very difficult for nations at the evoiohary level to increase their present per capita
growth rate even temporally above the long termageof y/y C a/a=0. 01p.a. Then (43)

predicts for a public debt ratio fAm/y =0.1 and a 50% public share of the economy a

recovery time of 20 years, provided the tax reitigtron system remains unchanged. Since
China’s growth rate igy/y =0.09 p.a. the disaster left only a small and stent in the GDP.

This means that trade with China helps nationseaettolutionary level to recover fast.

For the long term future the theory predicts anusidal evolution between mainstream’s
exponential growth and the Club of Rome’s origiealironmental feedback scenarios. We
refrained from including the latter because thesifoeserves will probably not be known
sufficiently well before the situation is undenialdritical. The first consequence will be a
reduction of z mainly for the sharé&-k,,/k of physical capital for housing and mobility.

This can be easily included in the theory as shawRigure 5 with the example of China’s
convergence crisis. Physical capital and the GDR,not necessarily working time, will
smoothly decrease because all other parametec®aséants of the human species.

Since 1.6 billion Chinese will probably get the lplems of nations at the evolutionary level
faster than the latter can solve them, solutiomsazal must be found together. By 2050 about
half of the Chinese population will have joined Eugp North America, and Japan at the
evolutionary level. Experience has shown that angtrmiddle class is needed as backbone of
social stability and confidence in the future. Tihm®ans however that the present trend
towards increasingly uneven distribution of weatthst be reversed because the middle class
cannot survive when it is mainly working for thehriand the poor.

Crude oil is the industrial society’s most precigasource. Simply burning it for energy is

after war the worst offence against the industiallution. The alternative recommended in
Section 14 is to boost the construction of thermggroplants in the deserts for simultaneous
production of fuel, electricity, and fresh water.

Section 3 showed that without & orld war or another financial disaster the eviohzry
GDP per capita will grow until 2050 to US$ 41.00€r gapita in the value of 1991, US$
15.000 or 58% more than in 2000. This means smauatlsafe growth, so there is no point in
making hectic and therefore unsustainable decisiBus economic growth will be very
modest compared to the order of magnitude growthefeading nations in the first 50 years
after WWII. The banking, insurance, health and pmmsiystems must adjust to this modesty.
It makes no sense to fight a biologic stabilizatidrich is to be expected from a species at the
end of the food chain guided by natural science.
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Al. Programming working time from 1800 to date &éegiond

All graphics were programmed in Mathematica. Thiamegle programs the transition from
agriculture to industry for the annual working tirsleown in Figure 6. It should be written
line by line because Mathematica has its own irglantl error warnings.

pnts=Show[Graphics[{Thickness[0.006], Circle[{1828}§2,1.3}],
Circle[{1875,72},{2,1.3}],Circle[{1900,60},{2,1.3}],Circle[{1913,57},{2,1.3}],
Circle[{1932,42},{2,1.3}],Circle[{1941,50},{2,1.3}],Circle[{1950,48},{2,1.3}],
Circle[{1965,40},{2,1.3}],Circle[{1984,38.5},{2,1.3],Circle[{1995,35},{2,1.3}],
Circle[{2000,40},{2,1.3}],Dashing[{0.018,0.018}],ne[{{1873,56},{1913,56}}],
Poin{ { 1856,6% ] ,Point[{1873,56}],Point[{1913,56.4}],Point[{1924,4f,
Point[{1937,48}],Point{ 1951,45 ] ,Point[{1960,43}],Point[{1968,40}],
Point[{1973,39}],Point[{1997,33}],Point[{2002,32}R0int[{2007,32}],
Text[FontForm["working time/week" {"Arial",16}],{1849,90},{-1,0}]}]]
gdp=1+75/((1+Exp[(t-1948)])(1+Exp[0.016(2040-t)]+Ex@a(2000-1)]))+
75/((1+Exp[(1948-1)])(1+Exp[0.016(2040-t)|+Exp)@(1971-1)]))
red=1-0.42/(1+Exp[(1955-1)/10])
kap=1+305/((1+Exp[(t-1948)])(1+Exp[0.016(2061-t)|+ERM)4(2017-1)]))+
468red/((1+Exp[(1948-1)])(1+Exp[0.016(2061-t)]+HA®9(1983-1)]))
wrk=96gdp/kap
curv=Plot[{wrk},{t,1800,2100},PlotRange{0,100},Frame>True,
PlotStyles{Thickness[0.004]}]
Show][curv,pnts,PrologAbsolutePointSize[8],DefaultFoa{"Arial",16}]

Pressing shift and enter at the end of the Shosvdioduces the plot within a second.

“gdp” consists of 3 terms. The first ia,=1,000 US$ p.a., the assumed agricultural and
existential minimum level of the GDP before indigization. The second term is the GDP of
Germany before WWII, vanishing with the S-functi® represented by the first bracket in
the denominator. National statistical reporting waspended in the years 1942- 48. The third
term is the GDP of West Germany after WWII, rendinea with S, represented by the first
bracket in the denominator.

“kap” contains the corresponding 3 terms. Its atitialue a /£ =1,000 USD reproduces the
full working time w =& before industry separated work from home kricom h. This point
is seen in Figure 8 as the starting point for alnlan capacity linesh,. The second term is
Germany'’s physical capital before WWII according(18) with z =0.16 andS_. The third
term is the physical capital of West Germany wih and the S-function “red”.

“red” describes the cultural change after WWII wdhaccording to the equation of state (22)
an increasing partk —k,,)/k of physical capital was produced for life at horftereduced

the total capital share left for production from=0.25 to z,, =0.16. The transition time of

10 years is the best fit to the data in Figuret8néans that this cultural change happened
essentially within the post war reproduction cycle.
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A2. List of quantities

Biologically stabilized constants

a =US $ 75.000 p. a., asymptotic maximum GDP per adpitL - L

E =62 years, evolution constant, social coherence tihtee relevant knowledge
G =25 years, generation constant, mean physicalmitfk

L =118 years, asymptotic mean maximum life expectancy

L,=30 years, mean minimum life expectancy for socisilgcessful reproduction

Other constants

£ =1 p. a., conversion factor between annual and l#®antities
& =1 p. a., unit for measuring annual working time
Uo= 2/ G =0.080, symmetric capital share

M , total capital share, saving constantkor
Vo= 2/ £ E =0.032, symmetric capacity share
T, = 2040, halftime of the industrial evolution

Long term Variables

a, industrial evolution, evolutionary real GDP papita
LB=eul2-1G p. a., initial growth rate, convergence paramietier a
y, inflation rate

h, human capacity per capita

hg, part of h amplifying spare time for using the GDP at home

k, physical capital per capita

ky , part ofk amplifying working time for producing the GDP

L, mean unisex life expectancy of leading industrations

U, capital share of the GDP for maintaining the eatievel ofk

s=¢& —-w, spare time for using the GDP at home
w, annual working time for producing the GDP
y, real gross domestic product per capita, convgrmito a

Cyclical Variables

d = (1-x)/27, damping constant of business cycles

€, employment

¢ = nl4, phase shift betweenand y,

p, q, production and consumption value of consumer good

T(d, 7p,7q) 2 271/ £, cycle period

T,,T4, theoretically indefinite time horizons, practigedtill the calendar year
X, adjustable fraction of production
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