
Munich Personal RePEc Archive

Business Cycles in Economics

Ledenyov, Viktor O. and Ledenyov, Dimitri O.

James Cook University, Townsville, Australia

5 March 2018

Online at https://mpra.ub.uni-muenchen.de/84959/

MPRA Paper No. 84959, posted 12 Mar 2018 18:25 UTC



 

 

 

Business cycles in economics 

 

 

Viktor O. Ledenyov and Dimitri O. Ledenyov 

 

 

James Cook University, Townsville, Queensland, Australia 

V. N. Karazin Kharkiv National University, Kharkiv, Ukraine 

March, 2018 





 

1 

 

 

 

 

 

 

 

 

To our lovely parents Oleg P. Ledenyov and Tamara V. Ledenyova. 

 



 

2 

 

Contents 

 

Introduction ........................................................................ 10 

 

Chapter 1. Economies of scales and scopes from ancient days to modern 

time ................................................................................................................ 12 

 

Chapter 2. Continuous-time economic output waves in economy of scale 

and scope in classic econodynamics ............................................................. 22 

 

Chapter 3. Discrete-time digital economic output waves in form of vector-

modulated discrete-time digital direct sequence spread spectrum signal in 

economy of scale and scope in classic econodynamics. ............................... 62 

 

Chapter 4. Discrete-time digital economic output waves in form of vector-

modulated discrete-time digital direct sequence spread spectrum signals 

bursts in economy of scale and scope in classic econodynamics ................. 95 

 

Chapter 5. Discrete-time digital economic output waves in form of vector-

modulated discrete-time digital direct sequence spread spectrum signals 

short/long/ultra long pulses in economy of scale and scope in classic 

econodynamics ............................................................................................ 107 

 

Chapter 6. Discrete-time digital economic output waves in form of vector-

modulated discrete-time digital direct sequence spread spectrum signals’ 

short/long/ultra long pulses generated by quantum leaps in economy of scale 

and scope in quantum econodynamics ........................................................ 119 

 



 

3 

 

Chapter 7. Precise measurement of econodynamic variables in economy of 

scale and scope in classic and quantum econodynamics ............................ 137 

 

Chapter 8. Accurate forecast of economic and financial trends with 

business cycles oscillation dynamics analysis in economy of scale and scope 

in classic and quantum econodynamics ...................................................... 155 

 

Conclusion ......................................................................... 226 

 

Acknowledgement .............................................................. 229 

 

References ......................................................................... 236 

 

Economics science history .......................................................................... 236 

 

Finance science history ............................................................................... 240 

 

Juglar economic cycle theory in economics (selected papers) ................... 241 

 

Kondratiev economic cycle theory in economics (selected papers) ........... 242 

 

Kitchin economic cycle theory in economics (selected papers) ................. 245 

 

Kuznets economic cycle theory in economics (selected papers) ................ 245 

 

Akamatsu economic cycle theory in economics (selected papers) ............. 246 

 

Ledenyov economic cycle theory in economics and econodynamics (selected 

papers) ......................................................................................................... 246 



 

4 

 

 

Economic waves/business cycles nature, properties in 

macroeconomics/econodynamics: .............................................................. 247 

 

Disruptive technological and social innovations in economics and finances

 ..................................................................................................................... 305 

 

Metal coins, paper money, electronic money, network money, electronic 

cash, digital cash, bit coin, electronic payments, debit cards, credit cards, 

stored value cards, smart cards (electronic purses) in finances .................. 308 

 

Central banks, federal reserve bank, federal reserve system in finances .... 317 

 

Stock exchange history, stock exchange operation principles, company 

valuation, company stock emission, company stock valuation by market, 

company stock valuation by rating agencies in finances ............................ 320 

 

Investment capital, investment portfolio, investment portfolio risk 

management in finances .............................................................................. 324 

 

Land investment, land valuation, land ownership, land exchange, financial 

capital investment product, financial capital investment medium in finances

 ..................................................................................................................... 339 

 

Commodity investment, commodity valuation, commodity derivatives, 

commodity futures, commodities exchange, financial capital investment 

product, financial capital investment medium in finances ......................... 344 

 



 

5 

 

Precious metal investment, precious metal valuation, precious metals 

exchange, financial capital investment product, financial capital investment 

medium in finances ..................................................................................... 363 

 

Real estate investment, real estate valuation, real estate exchange financial 

capital investment product, financial capital investment medium in      

finances ........................................................................................................ 373 

 

Private and public firms theories in economics and finances ..................... 380 

 

Public company investment, public company initial public offering valuation 

by rating agency/open market, stock exchange, financial capital investment 

product, financial capital investment medium in finances .......................... 386 

 

Private company investment, private company valuation, venture capital 

investment, venture capital fund, angel capital investment, financial capital 

investment product, financial capital investment medium in finances ....... 423 

 

Firm’s stock option investment, traded stock options, employee/executive 

stock options, equity options in finances .................................................... 454 

 

Bond investment, bond valuation, financial securities investment, financial 

securities exchange, financial capital investment product, financial capital 

investment medium in finances ................................................................... 462 

 

Credit derivative investment, credit derivative pricing, credit derivatives 

exchange, financial capital investment product, financial capital investment 

medium in finances ..................................................................................... 467 

 



 

6 

 

Foreign currencies investment, foreign currencies exchange rates valuation, 

ultra high frequency electronic trading, foreign currencies exchange, 

financial capital investment product, financial capital investment medium in 

finances.. ...................................................................................................... 491 

 

Intellectual property investment, intellectual property exchange in finances

 ..................................................................................................................... 552 

 

Investment bank, financial capital investment vehicle in finances ............. 563 

 

Hedge fund, financial investment vehicle in finances ................................ 565 

 

Pension fund, financial investment vehicle in finances .............................. 579 

 

Mutual fund, financial capital investment vehicle in finances ................... 583 

 

Angel investor, business angel, financial capital investment vehicle in 

finances ........................................................................................................ 591 

 

Investment boutique firm, investment boutique bank, financial capital 

investment vehicle in finances .................................................................... 603 

 

Probability theory, statistics theory, Brownian movement theory, diffusion 

theory and chaos theory in econometrics, econophysics and physics ........ 604 

 

Quantum diffusion in physics, econophysics and finances ........................ 611 

 

Stability of investment portfolio in nonlinear dynamics, mathematics and 

finances: ...................................................................................................... 611 



 

7 

 

 

Continuous-time signals, analog signals spectrum, analog signals processing, 

analog signals filtering in physics, electrical and computer engineering: .. 614 

 

Discrete-time digital signals spectrum, discrete-time digital signals 

processing, discrete-time digital signals filtering, Wiener filtering theory, 

Pugachev filtering theory, Stratonovich optimal nonlinear filtering theory, 

Stratonovich-Kalman-Bucy filtering algorithm, Stratonovich-Kalman-Bucy 

filter, particle filter in econometrics, econophysics, electrical and computer 

engineering .................................................................................................. 614 

 

Information communication with discrete-time digital signals, discrete-time 

digital signals spectrum, discrete-time digital signal processing in physics 

and digital electronics engineering .............................................................. 630 

 

Time Division Duplex/Frequency Division Duplex spread spectrum burst 

communications, UMTS/WCDMA/LTE wireless communications, WCDMA 

optical communications, digital signal processing in telecommunications, 

electronics engineering, and physics: .......................................................... 631 

 

Microprocessor design, Low Voltage Very Large Scale Integrated Circuit 

(LVVLSI) design, Digital Signal Processor (DSP) design, Field 

Programmable Gate Array (FPGA) design, Application Specific Integrated 

Circuit (ASIC) design .................................................................................. 631 

 

Quantum physics, electronics engineering, mechanics engineering ........... 632 

 

Wave function in Schrödinger quantum mechanical wave equation in 

quantum mechanics ..................................................................................... 637 



 

8 

 

 

Optics, optical crystals, in-fiber optical devices physics and engineering . 639 

 

Artificial intelligence, digital electronics engineering and computer science

 ..................................................................................................................... 640 

 

Deoxyribonucleic acid (DNA), digital DNA of economy of scale and scope 

in biology economics and finances ............................................................. 641 

 

Strategy theory in management, business administration, psychology, and 

mathematics ................................................................................................. 642 

 

Information absorption, accumulation, asymmetric flows at knowledge base 

creation in economics, finances, business administration……………...….649 

 

Game theory in strategy, management, business administration, psychology, 

and mathematics .......................................................................................... 650 

 

Selected research papers in macroeconomics, microeconomics and 

nanoeconomics ............................................................................................ 655 

 

List of Figures ................................................................... 662 

 

List of Tables .................................................................... 674 

 

Subjects Index ................................................................... 675 

 

Authors Index .................................................................... 684 

 



 

9 

 

About Authors ................................................................... 695 

 

Back Cover ........................................................................ 696 

 



 

10 

 

Introduction 

 

The business cycles are generated by the oscillating macro-/micro-

/nano- economic output variables in the economy of the scale and the scope 

in the amplitude/frequency/phase/time domains in the economics. The 

accurate forward looking assumptions on the business cycles oscillation 

dynamics can optimize the financial capital investing and/or borrowing by 

the economic agents in the capital markets. The book's main objective is to 

study the business cycles in the economy of the scale and the scope, 

formulating the Ledenyov unified business cycles theory in the Ledenyov 

classic and quantum econodynamics. Chapter 1 makes a historical overview 

on the development of the economies of the scales and the scopes in the 

world over the centuries. Chapter 2 adds some insights on the continuous-

time economic output waves in the economy of the scale and the scope in the 

Ledenyov classic econodynamics. Chapter 3 considers the Ledenyov 

discrete-time digital economic output waves in the economy of the scale and 

the scope in the Ledenyov classic econodynamics. Chapter 4 researches the 

Ledenyov discrete-time digital economic output waves in the form of the 

vector-modulated discrete-time digital direct sequence spread spectrum 

signal’s bursts in the economy of the scale and the scope in the Ledenyov 

classic econodynamics. Chapter 5 deals with the Ledenyov discrete-time 

digital economic output waves in the form of the vector-modulated discrete-

time digital direct sequence spread spectrum signal’s short/wide/ultra wide 

band pulses in the economy of the scale and the scope in the Ledenyov 

classic econodynamics. Chapter 6 describes the Ledenyov discrete-time 

digital economic output waves in the form of the vector-modulated discrete-

time digital direct sequence spread spectrum signal’s short/wide/ultra wide 

band pulses generated by the quantum fluctuations in the economy of the 

scale and the scope in the Ledenyov quantum econodynamics. Chapter 7 
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discusses a problem on the precise measurement of the econodynamic 

variables in the economy of the scale and the scope in the Ledenyov classic 

and quantum econodynamics. Chapter 8 writes on the accurate forecast of the 

economic and financial trends with the business cycles oscillation dynamics 

analysis in the economy of the scale and the scope in the Ledenyov classic 

and quantum econodynamics. Conclusion summarizes all the important 

research findings, highlighting the original contributions in a plain language 

format. The book presents a wonderful opportunity for the thinking readers to 

learn more on the business cycles in the economics. 
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Chapter 1 

 

Economies of scales and scopes from ancient days to modern 

time 

 

The modern human civilization is created as a result of evolutionary 

development in the increasingly-interconnected closely-integrated fields of 

the economics, finances, science, culture, religion, politics, defense and sport 

in the highly organized human societies over the thousands of years. In an 

ideal case, the modern human civilization’s evolutionary development goal is 

to reach the economical prosperity, peace and stability for all the members of 

the highly organized human society at the national / global levels in the short 

/long time perspectives. However, in the reality, the human civilization 

experiences the numerous altering phases of the progressive / regressive 

social/economic developments as a result of the growing / declining progress 

in the human activities in the fields of the economics, finances, science, 

culture, religion, politics, defense and sport in the national / global economies 

of the scales and the scopes in the short /long historical periods. 

Let us permit that the human civilization aims to reach a state of 

prosperity, which is uniquely predetermined by the produced economic 

output magnitude in the global economy of the scale and the scope over the 

certain time period among other factors. Presumably, in order to reach the 

increasing economic output magnitude, we can expect that the new wealth 

creation process by the economic agents must be established, applying the 

three main objects: 

1. The physical matter / the land; 

2. The human labour; 

3. The financial capital; 

in the economy of the scale and the scope in accordance with the 

fundamental principles of the political economy in Joseph Penso de la Vega 

(1668, 1996), Mortimer (1765), Smith (1776, 2008), Ricardo (1817, 1821), 

Bentham (1839), Mill (1862), Hirsch (1896). Perhaps, at this point, we can 

agree to the fact that the modern human civilization’s progressive prosperous 
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development ultimately depends on the degree of increase of the economic 

output magnitude over the selected time period. 

Fig. 1 shows a simple scheme of the new wealth synthesis process with 

the use of the matter, labour, capital in the economy of the scale and the 

scope in the time scale (t1<t2<t3). 

 
Fig. 1. Scheme of new wealth creation process with application of matter, 

labour, capital in economy of scale and scope in time scale (t1<t2<t3). 

In the recent years, there has been a significant increase in a number of 

scientific publications with the expressed research opinions that the human 

civilization’s evolution is uniquely predetermined by the frequently changing 

economic growth / decline phases in the national/global economies of the 

scales and the scopes over the time. Thus, we can assume that an every 

economy of the scale and the scope experiences the rapidly changing phases 

of the economic growth / decline with the market resources optimization and 

their possible subsequent re-allocation in the other newly created industries 

or even the other developing economies of the scales and scopes over the 

time. Therefore, let us research these business cycles, which can be 

characterized by the growth / recession / depression / stagnation phases in the 
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economies of the scales and scopes in the corresponding historical time 

periods. 

A quite interesting fact is that the new wealth synthesis process can be 

considered as a nonlinear function of the multiple nonlinearly changing 

macro-/micro-/nano- economic variables, resulting in the strong/weak 

nonlinear fluctuations of the economic output magnitudes in the nonlinear 

economies of the scales and the scopes in the macroeconomics. 

Fig. 2 displays a scheme of the new wealth synthesis process with an 

application of the matter, labour, capital in the nonlinear economy of the 

scale and the scope in the time scale (t1<t2<t3). There is a nonlinear 

connection in the form of a positive/negative feedback loop between the 

wealth synthesis process start and the wealth synthesis process end in the 

nonlinear economy of the scale and the scope. 

 
Fig. 2. Scheme of new wealth synthesis process with application of matter, 

labour, capital in nonlinear economy of scale and scope in time domain 

(t1<t2<t3). Positive/negative feedback loops between wealth synthesis process 

start and end points can adjust economic output magnitude in nonlinear 

economy of scale and scope over time. 
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We assume that, in the course of the human civilization evolution, the 

first economies of the scales and scopes have been established in the Asia, 

Middle East and Europe in different time periods. We can see that the 

changing periods of the economic output convergence and/or divergence 

during the economic progressive development / regressive decline processes 

had place, because of introduction of the disruptive technological / 

managerial / social / cultural / political innovation(s) by the economic 

agent(s) into the corresponding economy of the scale and the scope. 

So let us review some of the historical milestones during the modern 

human civilization development through the processes of the constant 

technological modernization in the economies of the scales and the scopes in 

many regions around the World. 

Researching the old history of economic development in Asia, we can 

evidently write that one of the first known economies of the scales and the 

scopes has been created by the Chinese people in the mainland China more 

than the four thousand years ago in Chen Shou (280s-290s; 1977), Landes 

(1998), Liu Guanglin (2015), Ma Debin, Yuan Weipeng (2016), Xu Yi, Ni 

Yuping, Van Leeuwen (2016), Xu Yi, Shi Zhihong, Van Leeuwen, Ni 

Yuping, Zhang Zipeng, Ma Ye (2016), Mitchener, Ma Debin (2017). In the 

beginning of the historical evolutionary process, the Chinese people used the 

land, labour and capital to produce various crops, including the rice, millet, 

sorghum, barley, wheat and other cereals. Indeed, the Han people 

accumulated a formidable scientific and technological knowledge in the 

fields of the agriculture development, stone processing, ore extraction, metal 

melting in the mainland China over the centuries. They were able to 

successfully complete the complex engineering projects towards the stone-

made building construction, subsequently reaching a considerable progress in 

the stone-made fortifications design such as the Great Wall in the Northern 

China. In addition, the created/invented/derived the Chinese language with 

the 3000 characters, paper to write letters/books, mathematical formulas for 

astronomic/physical/chemical/engineering calculations, and other things. 

 Focusing on the historical records of economic development in 

Mesopotamia, we can point out to the fact that there was a relatively highly 

organized economy of the scale and the scope centered around the City of 
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Babylon in the Akkadian Empire and the Neo-Babylonian Empire since 

around c. 2300 B.C. Babylon was a well established place to live with the 

numerous stone/bricks made buildings, big fortress walls and other 

architectural sites such as the Temple of Babel, the Ishtar Gate, the Walls of 

Babylon. It was also known as a center of the commerce, education and 

science in Mignan (1829). 

 Discussing a state of economic development in Europe from the 

ancient history perspective, we can comment that the first economy of the 

scale and the scope was organized in the Kingdom of Macedonia with the 

capital cities of Aigai and Pella since around 808 B.C. until 168 B.C. The 

first economy of the scale and the scope included the faming, livestock 

herding, minerals mining, homes construction, ships building and some other 

industries. A minting of the precious metals coins was introduced in 

Macedonia under Alexander I sometime after 479 B.C. in Kremydi (2011), 

Treister (1996). Since that time, the minting of the different golden and silver 

coins at a number of the officially permitted mints in the Macedonian 

commonwealth at various historical periods was conducted. One of the main 

tasks of the financial system was to facilitate the exchange by the goods and 

services in the Macedonian economy of the scale and the scope. 

 Considering the subsequent economic developments in Europe, we can 

point out to a well known historical fact that the City of Rome was a capital 

of the Roman Empire since c. 30 B.C. until approximately 1461 in Abbott 

(1901). The Roman economy of the scale and the scope was established in 

Roman Empire on that time. The Roman economy of the scale and the scope 

included a big number of the smaller economies of the scales and scopes 

within the Roman Empire. We can certainly say that there were the 

agriculture, minerals mining, building construction, commerce and 

transportation industries in the Roman economy of the scale and the scope. 

For example, it may be interesting to note that a big number of the renowned 

architectural sites, including the Coliseum, Flavian amphitheatre, numerous 

villas, dams, roads, were constructed in the Roman Empire. Most 

interestingly, the financial system was characterized by a quite advanced 

level of the capital market in terms of the monetization, banking and taxation 

in the Roman economy of the scale and the scope on that time period in 
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Duncan-Jones (1994), Harl (19 June 1996), Andreau (1999), Scheidel (2009), 

Harris (2010), Kessler, Temin (2010). 

 Analyzing the economic developments in America in the modern 

history context during the recent two hundred years, we can higlight the well 

described historical facts that the American economy of the scale and the 

scope was mainly based on the farming, cattle production and mining in the 

initial phase of its development. It was relatively isolated, because of natural 

geographical factors such as the remote location from the Asia and Europe 

regions. The transformation of the American economy of the scale and the 

scope took place as a result of the multiple industrial revolutions, which were 

facilitated by the steam engine invention, the steam engine locomotive 

development, the East-West coasts railroad construction by the Chinese 

people, the steam/combustion engines automobiles design, the Ford 

automobiles mass production, the steam/diesel/gas turbine engine cargo ships 

production, the Morse cable/wireless information transmission code 

invention, the Marconi trans-ocean wireless/communication links design, etc. 

The American financial system was established in an analogy with the 

European financial system on that time. It was strongly influenced by the 

scientific ideas by the Austrian school of the financial and economic 

thinking, namely by the Austrian scientists-immigrants at University of 

Chicago in the State of Illinois in the USA in Menger (1871), von Böhm-

Bawerk (1884, 1889, 1921), Von Mises (1912), Hayek (1931, 1935, 1948, 

1980, 2008). The Austrian school of the financial and economic thinking 

used the financial and monetary interventions as a possible remedy to solve 

the existing misbalances in the economy of the scale and the scope, 

presuming that the sustainable economic development can be achieved by 

adding an excessive financial liquidity to the capital market. The arising 

problem on the high inflation expectations can be effectively solved by the 

new financial products / treasure papers introduction in a speculative sector 

of the economy of the scale and the scope. This line of modern economic 

thinking prevails among a big number of the American influential economists 

in the USA in our days. 

 An ancient history of the economies of the scales and scopes shows 

their paramount importance in the human civilization development in various 
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time perspectives. There were the multiple periods of the economic output 

expansion and the economic output contraction in all the economies of the 

scales and the scopes in the World. The altering periods of the growth and 

decrease of the economic output magnitude were somehow dependant on a 

state of the matters in the following two economic sectors: 

1. The real economic industrial sector (the agriculture, minerals mining, 

minerals/metals/stones processing, chemicals production, machine 

tools development, homes/offices/fortifications construction, 

electronics development, ships building, aircrafts development, 

automobiles/motorcycles/bicycles production industries), 

2. The speculative economic industrial sector (the domestic/international 

trade, stock exchange trade, financial services, insurance services, 

juridical services, medical services, leisure/tourism services, games 

services, video/music services industries). 

Fig. 3 presents a scheme of the economy of the scale and the scope 

with the real- and the imaginary- (speculative) economic industrial sectors. 

 
Fig. 3. Scheme of economy of scale and scope with real- and imaginary- 

(speculative) economic sectors with different possible industries. 
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At this point in our discussion, one practical question may arise: How 

can we evaluate the economy of the scale and the scope? Indeed, a 

measurement of the economic output of the economy of the scale and the 

scope over the selected time period is one of the central research problems in 

the macroeconomics. Presently, the economists came to a certain consensus 

among the expressed research opinions on a most appropriate approach to the 

total economic output measurement by introducing a special economic 

variable such as the Gross Domestic Product (GDP) in the macroeconomics 

in Kuznets (1934). At the first consideration, the GDP(t) can be interpreted as 

a monetary measure of the total economic output value created by all the 

wealth synthesis processes in the economy of the scale and the scope over the 

selected time period. 

Fig. 4 presents a measurement scheme of the Gross Domestic Product 

GDP(t), which is a sum of the economic outputs values by the numerous 

wealth synthesis processes in the economy of the scale and the scope over the 

selected time period (t=t2-t1).  

 
Fig. 4. General scheme of Gross Domestic Product GDP(t) measurement in 

economy of scale and scope over selected time period (t=t2-t1). 
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However, in a real life situation, it makes more sense to associate an 

every selected wealth synthesis process with the corresponding industry in 

the economy of the scale and the scope. Then, we can say that the GDP is 

equal to a sum of the economic outputs of wealth synthesis processes by the 

numerous industries in the real and imaginary economic sectors in the 

economy of the scale and the scope over the selected time period (t=t2-t1). 

Fig. 5 demonstrates a scheme of the Gross Domestic Product (GDP) 

measurement in the economy of the scale and the scope over the selected 

time period (t=t2-t1). GDP is equal to a sum of the economic outputs values 

of the numerous operating industries in the real and imaginary economic 

sectors in the economy of the scale and the scope over the selected time 

period (t=t2-t1). 

 
 

Fig. 5. Detailed scheme of Gross Domestic Product (GDP) measurement in 

economy of scale and scope over selected time period (t=t2-t1). GDP is equal 

to sum of economic outputs values of numerous industries in real and 

imaginary economic sectors in economy of scale and scope over selected 

time period (t=t2-t1). 
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At this point in our research discussion, let us write a set of the 

formulas for the GDP(t) magnitude measurement in the economy of the scale 

and the scope over the selected time period in the three cases of possible 

measurement approaches in Kuznets (1934), Coyle (2014): 

1. Production measurement approach: 

GDP(t) = Gross Value of Domestic Economic Output – Intermediate 

Production Expenses value; 

2. Income measurement approach: 

GDP(t) = Gross Value of Domestic Economic Income + Income Taxes 

Value – Production Subsidies Value; 

3. Expenditure measurement approach: 

GDP(t) = Gross Value of Domestic Economic Private/Public 

Expenditures – Imports Value. 

Let us sum up some expressed ideas on the GDP(t) measurement in the 

economies of the scales and the scopes in macroeconomics science. Going 

from the fundamental macroeconomic analysis, we came up to an 

understanding that the GDP(t) magnitude can be precisely measured at a 

certain time moment, and it may change over the selected measurement time 

period. 

In fact, we will see that the GDP(t) magnitude may change nonlinearly 

over the time, depending on the gross values of the domestic economic 

output/income/private-public expenditures created in the course of the wealth 

synthesis processes in the economy of the scale and the scope at any selected 

time frame. Therefore, we realized that it may be quite difficult to perform 

the precise measurement of the GDP(t) magnitude due to various 

(non)objective factors such as the very soft definitions of the numerous 

economic variables, which are used for the GDP(t) magnitude calculation. 

In Chapter 2, we will comprehensively discuss the problem on the 

continuous-time economic output waves in economy of scale and 

scope in Ledenyov classic econodynamics with particular focus on the 

dependence of the Ledenyov General Information Product on the time 

GIP(t), the dependence of the General (Gross) Domestic Product on the time 

GDP(t), the dependence of the General National Product on the time GNP(t), 

the dependence of the Purchase Power Parity on the time PPP(t). 
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Chapter 2 

 

Continuous-time economic output waves in economy of 

scale and scope in classic econodynamics 

 

In the course of evolution of the fundamental and applied economics 

sciences, the new empirical theories, sophisticated mathematical models and 

original practical solutions to understand the nature of the complex economic 

phenomena in the economy of the scale and the scope have been proposed. A 

quite significant attention by eminent scientists was paid to an accurate 

characterization of the fundamental and applied properties of the complex 

economic phenomena in the economy of the scale and the scope over the 

time as discussed in the academic literature in Joseph Penso de la Vega 

(1668, 1996), Mortimer (1765), Bagehot (1873, 1897), von Böhm-Bawerk 

(1884, 1889, 1921), Hirsch (1896), Bachelier (1900), Schumpeter (1906, 

1911, 1933, 1939, 1961, 1939, 1947), Slutsky (1910, 1915 1923), von Mises 

(1912), Hayek (1945), Ellis, Metzler (1949), Friedman (1953), Baumol 

(1957), Debreu (1959), Dodd (2014). 

According to the modern economic theories, the economy of the scale 

and the scope is uniquely predefined by an existing state of the philosophical 

thinking in an every society of research interest. Reaching a high level of the 

philosophical thinking on the scientific problems in the fundamental and 

applied economics sciences, the researchers become capable to formulate, 

comprehensively discuss and then practically implement a set of progressive 

economic policies toward the new limitless economic opportunities 

development on the way to the social and economical prosperity building in 

any innovative country in Joseph Penso de la Vega (1668, 1996), Mortimer 

(1765), Smith (1776, 2008), Menger (1871), Bagehot (1873, 1897), von 

Böhm-Bawerk (1884, 1889, 1921), Hirsch (1896), Bachelier (1900), 

Schumpeter (1906, 1911, 1933, 1939, 1961, 1939, 1947), Slutsky (1910, 

1915 1923), von Mises (1912), Hayek (1931, 1935, 2008; 1948, 1980), 

Keynes (1936, 1992), Ellis, Metzler (1949), Friedman (1953), Baumol 

(1957), Debreu (1959), Krugman, Wells (2005), Stiglitz (2005, 2015). 
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A present state of philosophical thinking in the modern economics 

science is predetermined, to a certain degree, by an existing level of research 

advancements in the scientific fields of the macroeconomics, 

microeconomics and nanoeconomics, constituting the integral parts of the 

fundamental and applied economics sciences. 

In this book, we mainly intend to focus our research discussion on the 

macroeconomics by making an innovative research on the fluctuations of the 

economy output in the form of the oscillating quantity of the produced goods 

and provided services in the economy of the scale and the scope over the 

finite time period in Juglar (1862), George (1881, 2009), Kondratieff (1922, 

1925, 1926, 1928, 1935, 1984, 2002), Kitchin (1923), Kuznets (1930a, b, 

1973a, b), Schumpeter (1939), Burns, Mitchell (1946), Dupriez (1947), 

Samuelson (1947), Hicks (1950), Akamatsu (March-August 1962), Inada, 

Uzawa (1972), Bernanke (1979), Marchetti (1980), Kleinknecht (1981), 

Dickson (1983), Hodrick, Prescott (1980, 1997), Baxter, King (1999), Kim, 

Nelson (1999), McConnell, Pérez-Quirós (2000), Devezas, Corredine (2001, 

2002), Devezas (editor) (2006), Arnord (2002), Stock, Watson (2002), 

Helfat, Peteraf (2003), Sussmuth (2003), Hirooka (2006), Kleinknecht, Van 

der Panne (2006), Jourdon (2008), Taniguchi, Bando, Nakayama (2008), 

Drehmann, Borio, Tsatsaronis (2011), Iyetomi, Nakayama, Yoshikawa, 

Aoyama, Fujiwara, Ikeda, Souma (2011), Ikeda, Aoyama, Fujiwara, Iyetomi, 

Ogimoto, Souma, Yoshikawa (2012), Swiss National Bank (2012, 2013), 

Uechi, Akutsu (2012), Central Banking Newsdesk (2013), Ledenyov D O, 

Ledenyov V O (2013c, 2015d, 2015e, 2016r), Union Bank of Switzerland 

(2013), Wikipedia (2015a, b, c). 

It would be interesting to explain that a present state of philosophical 

thinking in the modern economics science was shaped, to some degree, by 

the important research findings in the fluid mechanics science (the fluid 

dynamics), namely: the theoretical concept on the continuous-time economic 

output waves in the classic macroeconomics in Juglar (1862) was probably 

derived in analogy with the existing theoretical concepts on the Newtonian / 

non Newtonian fluids as well as the Newton's laws of motion in the fluid 

dynamics, including both: 1) the continuous-time air – phase waves in the 
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aerodynamics and the continuous-time liquid-phase waves in the 

hydrodynamics in Newton (5 July 1687, 1999). 

At later date, the Maxwell electrodynamics with a number of the new 

theoretical representations was created Maxwell (1890). We would like to 

formulate the new Ledenyov classic and quantum econodynamics sciences, 

based on the Maxwell electrodynamics mainly. So, let us draw a chart with 

various known types of the electromagnetic signals such as 1) the 

continuous-time analog signals, 2) the discrete-time digital signals, 3) the 

discrete-time quantum signals, in the electrodynamics, highlighting a fact 

that all the early discovered economic output waves belong to a class of the 

continuous-time economic output waves in the classic macroeconomics. 

Fig. 6 shows the electromagnetic signals, including 1) the continuous-

time analog signals, 2) the discrete-time digital signals, 3) the discrete-time 

quantum signals and their possible technical applications such as the analog / 

discrete / quantum signals generation / processing / computing. 

 
Fig. 6. Electromagnetic signals in electrodynamics: 1) continuous-time 

analog signals, 2) discrete-time digital signals, 3) discrete-time quantum 

signals, and their possible technical applications. 
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 Now, let us make the continuous-time analog electromagnetic signal(s) 

as a central topic of our ongoing research discussion, particularly focusing on 

the various aspects of the continuous-time analog electromagnetic signal(s) 

processing and filtering with an application of the low/band/high pass/reject 

electromagnetic signal filters in the Ledenyov classic econodynamics 

science. 

 Fig. 7 shows the continuous-time analog electromagnetic signal, which 

is normally regarded as the continuous wave (CW): 1) The CW dependence 

of the amplitude on the time in an ideal case without the harmonics 

generation; 2) The CW dependence of the amplitude on the frequency in an 

ideal case without the harmonics generation; 3) The CW dependence of the 

amplitude on the frequency in a real case scenario with the signal’s 

harmonics generation. 

 
Fig. 7. Continuous-time analog electromagnetic signal (Continuous Wave 

(CW)): 1) CW dependence of amplitude on time in ideal case without 

harmonics generation; 2) CW dependence of amplitude on frequency in ideal 

case without harmonics generation; 3) CW dependence of amplitude on 

frequency in real case scenario with harmonics generation. 
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 Let us describe the main technical parameters of the electromagnetic 

signal filter, which can be used to filter out the continuous-time analog 

electromagnetic signal(s) in the frequency domain over the time. 

 Fig. 8 displays graphically the main technical parameters of the 

electromagnetic signal filter for the filtering of the continuous-time analog 

electromagnetic signal(s) (the Continuous Wave(s) (CW)). The main 

technical parameters include: the central frequency, passband, stopband, 

signal transfer function, amplitude/frequency/shape of ripples in passband, 

flatness of passband, amplitude/frequency/shape of ripples in stopband, 

flatness of stopband, curvature of slopes. 

 

 
 

Fig. 8. Electromagnetic signal filter in application to continuous-time analog 

electromagnetic signal (Continuous Wave (CW)). Main technical parameters: 

1) central frequency, 2) passband, 3) stopband, 4) signal transfer function, 5) 

amplitude/frequency/shape of ripples in passband, 6) flatness of passband, 7) 

amplitude/frequency/shape of ripples in stopband, 8) flatness of stopband, 9) 

curvature of slopes. 
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 We would like to discuss the lowpass electromagnetic signal filters, 

because all other types of the electromagnetic signal filters, including the 

highpass, bandpass, stopband electromagnetic signal filters can be designed 

by using the lowpass electromagnetic signal filter as explained in 

Wanhammar (February 24 1999, June 2 2009). 

 Fig. 9 displays the analog lowpass RF electromagnetic signal filters 

transfer functions approximations, including: the Butterworth lowpass filter 

in Butterworth (1930); Chebyshev Type I lowpass filter in Chebyshev 

(1854); Chebyshev Type II lowpass filter in Chebyshev (1854); Cauer 

elliptic lowpass filter Cauer (1927); Bessel lowpass filter in Bessel (1832). 

 
Fig. 9. Analog lowpass RF electromagnetic signal filters transfer functions 

approximations: 1) Butterworth lowpass filter in Butterworth (1930); 2) 

Chebyshev Type I lowpass filter in Chebyshev (1854); 3) Chebyshev Type II 

lowpass filter in Chebyshev (1854); 4) Cauer elliptic lowpass filter Cauer 

(1927); 5) Bessel lowpass filter in Bessel (1832). 

 

Considering the classic macroeconomics research findings from 

historical perspective, we can say that a number of the continuous-time cyclic 
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oscillations of the economic output variables with the different amplitudes, 

frequencies and phases were discovered. Most interestingly, all the 

continuous time waves with the trends can be filtered out by the differential 

data filters in the classic macroeconomics similarly to the analog 

electromagnetic signal filters in the Maxwell electrodynamics, and analyzed 

with the mathematical statistical analysis techniques in Pollock (November 

2007), Ledenyov D O, Ledenyov V O (2013c). 

Juglar (1862) discovered the 7 –11 years Juglar fixed investment cycle, 

which is still in the scope of research interest by many scientists in 

Schumpeter (1939), Grinin, Korotayev, Malkov (2010), Korotayev, Tsirel 

(2010), Ledenyov V O, Ledenyov D O (2012), Ledenyov D O, Ledenyov V 

O (2013). Here, it makes sense to explain that Schumpeter (1939) showed 

that there are the four stages in the Juglar cycle: 1) the expansion; 2) the 

crisis; 3) the recession; 4) the recovery. 

Kitchin (1923) proposed that there is the 3 – 7 years Kitchin inventory 

cycle. This proposition was investigated in Schumpeter (1939), Korotayev, 

Tsirel (2010), Ledenyov V O, Ledenyov D O (2012), Ledenyov D O, 

Ledenyov V O (2013). 

Kondratieff (1922, 1925, 1926, 1928, 1935, 1984, 2002) made a 

significant contribution to the science of economics. The Kondratieff’s early 

research was focused on the big cycles of conjuncture in the World economy 

in Kondratieff (1922, 1925, 1926, 1928). The discovery of the 45 – 60 years 

Kondratieff long wave cycle in Kondratieff, Stolper (1935) had a 

considerable impact on the science of economics. The Kondratieff’s research 

achievements are comprehensively analyzed in Kondratieff (1984, 2002). 

Since that time, the Kondratieff long wave cycle has been a subject of 

intensive research by many scientists in Schumpeter (1939), Garvy (1943), 

Silberling (1943), Rostow (1975), Kuczynski (1978, 1982), Forrester (1978, 

1981, 1985), Barr (1979), Van Duijn (1979, 1981, 1983), Eklund (1980), 

Mandel (1980), Van der Zwan (1980), Tinbergen (1981), Van Ewijk (1982), 

Cleary, Hobbs (1983), Glismann, Rodemer, Wolter (1983), Wallerstein 

(1984), Bieshaar, Kleinknecht (1984), Zarnowitz (1985), Summers (1986), 

Freeman (1987), Goldstein (1988), Solomou (1989), Berry (1991), Tylecote 

(1992), Metz (1992, 1998, 2006), Cooley (1995), Freeman, Louçã (2001), 
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Modelski (2001, 2006), Perez (2002), Rennstich (2002), Rumyantseva 

(2003), Diebolt, Doliger (2006), Linstone (2006), Thompson (2007), 

Papenhausen (2008), Taniguchi, Bando, Nakayama (2008), Korotayev, Tsirel 

(2010), Ikeda, Aoyama, Fujiwara, Iyetomi, Ogimoto, Souma, Yoshikawa 

(2012), Ledenyov V O, Ledenyov D O (2012), Ledenyov D O, Ledenyov V 

O (2013). 

Akamatsu conducted his advanced research and formulated idea on a 

new possible origin of the 45 – 60 years Kondratieff long wave cycle, using 

the representations from Asian cultural-scientific heritage in Akamatsu 

(March-August 1962). 

Kuznets (1930a, b, 1973a, b) introduced the 15 – 25 years Kuznets 

infrastructural investment cycle in Kuznets (1973), based on his research on 

the cyclical fluctuations of the production and prices in Kuznets (1930). The 

researches on the nature of the Kuznets cycles were conducted by 

Abramovitz (1961), Rostow (1975), Solomou (1989); Diebolt, Doliger 

(2006, 2008), Korotayev, Tsirel (2010), Ledenyov V O, Ledenyov D O 

(2012), Ledenyov D O, Ledenyov V O (2013). Most recently, Korotayev, 

Tsirel (2010) conducted the spectral analysis and proposed that there is a 

tight connection between the Kondratieff long wave cycle and the Kuznets 

infrastructural investment cycle, suggesting that the Kuznets swings 

represent a third frequency harmonic of the main frequency oscillation, 

which is generated by the Kondratieff long wave cycle, hence the Kuznets 

cycle is not an independent oscillation in Korotayev, Tsirel (2010). 

Let us present graphically the following continuous-time economic 

output business cycles in the economy of the scale and the scope in the 

classical macroeconomics. 

1. 3 – 7 years Kitchin continuous-time inventory cycle in Kitchin (1923); 

2. 7 –11 years Juglar continuous-time fixed investment cycle in Juglar 

(1862); 

3. 15 – 25 years Kuznets continuous-time infrastructural investment cycle 

in Kuznets (1930a, b, 1973a, b); 

4. 45 – 60 years Kondratieff continuous-time long wave cycle in 

Kondratieff, Stolper (1935); 



 

30 

 

5. 45 – 60 years Akamatsu continuous-time long wave cycle in Akamatsu 

(March-August 1962); 

6. 70+ years Grand continuous-time super-cycle. 

 Let us draw a graphical representation of the 3 – 7 years Kitchin, 7 –11 

years Juglar, 15 – 25 years Kuznets, 45 – 60 years Kondratieff, 45 – 60 years 

Akamatsu, 70+ years Grand continuous-time economic output business 

cycles in economy of scale and scope in the classical macroeconomics. 

Fig. 10 shows the main parameters of 1) 3 – 7 years Kitchin, 2) 7 –11 

years Juglar, 3) 15 – 25 years Kuznets, 4) 45 – 60 years Kondratieff, and 45 – 

60 years Akamatsu, 5) 70+ years Grand continuous-time economic output 

business cycles in the economy of the scale and the scope in the time domain 

in Kitchin (1923), Juglar (1862), Kuznets (1930a, b, 1973a, b), Kondratieff, 

Stolper (1935), Akamatsu (March-August 1962). 

 
Fig. 10. Parameters of continuous-time business cycles in economy of scale 

and scope: 1) 3 – 7 years Kitchin in Kitchin (1923), 2) 7 –11 years Juglar in 

Juglar (1862), 3) 15 – 25 years Kuznets in Kuznets (1930a, b, 1973a, b), 4) 

45 – 60 years Kondratieff in Kondratieff, Stolper (1935), and 45 – 60 years 

Akamatsu in Akamatsu (March-August 1962), 5) 70+ years Grand. 



 

31 

 

Many economic theories on the nature of the continuous-time econo-

mic output waves were proposed in Ledenyov D O, Ledenyov V O (2013c, 

2015d, e, f, g, h, 2016r), Ledenyov V O, Ledenyov D O (2016, 2017): 

1. The classical efficient free market theory in Smith (1776, 2008), Say 

(1803, 1834), Mill (1862); 

2. The new classical efficient free market theory with the rational expec-

tation and utility maximization hypotheses in Lucas (1977, 1980); 

3. The Marx theory with the hypothesis on the firm’s profitability change 

due to the fluctuation in the firm’s capital accumulation/consumption 

levels in Marx (1867, July 1893, October 1894); 

4. The George theory with the land value oscillation hypothesis in 

George (1881, 2009); 

5. The Austrian business cycle theory with the hypothesis on the 

monetary base (financial credit) expansion/contraction oscillations in 

von Mises (1912), Hayek (1931, 1935, 2008; 1948, 1980; 2012), 

Minsky (1974, May 1992, 2015); 

6. The Keynes theory with the hypothesis on the dependence of the 

economic output on the aggregate demand fluctuations (the marginal 

efficiency of invested capital) in Keynes (1936); 

7. The new Keynes theory with the hypothesis that the asymmetry in the 

information flows between the market agents results in the 

goods/services prices adjustment delays in conditions of the imperfect 

market competition, causing the economic output fluctuations in 

Mankiw (March 1989); 

8. The Real Business Cycle (RBC) theory with an assumption on the real 

exogenous technological shocks in Schumpeter (1939), Lucas (1977, 

1980), Mankiw (1989), Kydland, Prescott (Spring 1990); 

9. The globalization vs. protectionism theory with a hypothesis on the 

globalization vs. protectionism state policies implementation 

oscillation dynamics in Wolf (2004). 

10. The goods markets supply and demand fluctuations theory in Inada, 

Uzawa (1972), Iyetomi, Nakayama, Yoshikawa, Aoyama, Fujiwara, 

Ikeda, Souma (2011), Ikeda, Aoyama, Fujiwara, Iyetomi, Ogimoto, 

Souma, Yoshikawa (2012). 
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 Fig. 11 graphically demonstrates the waveforms of 1) 3 – 7 years 

Kitchin, 2) 7 –11 years Juglar, 3) 15 – 25 years Kuznets, 4) 45 – 60 years 

Kondratieff/Akamatsu, 5) 70+ years Grand continuous-time economic output 

waves in the economy of the scale and the scope in the classical 

macroeconomics in Kitchin (1923), Juglar (1862), Kuznets (1930a, b, 1973a, 

b), Kondratieff, Stolper (1935), Akamatsu (March-August 1962). 

 
Fig. 11. Waveforms of continuous-time business cycles in economy of scale 

and scope: 1) 3 – 7 years Kitchin in Kitchin (1923), 2) 7 –11 years Juglar in 

Juglar (1862), 3) 15 – 25 years Kuznets in Kuznets (1930a, b, 1973a, b), 4) 

45 – 60 years Kondratieff in Kondratieff, Stolper (1935), and 45 – 60 years 

Akamatsu in Akamatsu (March-August 1962), 5) 70+ years Grand. 

 

 As we can see, there is one big drawback with the above representation 

of GDP(t), namely an uncontrolled expansion of the monetary base by the 

central bank/treasure/government can lead to a so called “incorrect” increase 

of GDP(t) in the economy of the scale and scope over the time. 

Therefore, in the Ledenyov classic econodynamics science, we 

propose to use the Ledenyov graphic scheme for a precise characterization of 
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the continuous-time economic output waves of GIP(t, monetary base), 

GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) with 

the changing amplitude, frequency, period, phase parameters in the economy 

of the scale and the scope over the time in the XYZ coordinates space; 

because the economic output can only be precisely measured, knowing the 

exact increased values of the monetary base in the economy of the scale and 

the scope at the measurement time moments. 

 Fig. 12 provides the Ledenyov graphic representation scheme of the 

continuous-time economic output wave of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) with the 

changing amplitude, frequency, period, phase parameters in the economy of 

the scale and the scope at the certain monetary base over the selected time 

period in the XYZ coordinates space. 

 
Fig. 12. Ledenyov graphic scheme of continuous-time economic output wave 

of GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary base), 

PPP(t, monetary base) with changing amplitude, frequency, period, phase 

parameters in economy of scale and scope at certain monetary base over 

selected time period in XYZ coordinates space. 



 

34 

 

 Fig. 13 displays the Ledenyov graphic scheme of 1) 3 – 7 years 

Kitchin, 2) 7 –11 years Juglar, 3) 15 – 25 years Kuznets, 4) 45 – 60 years 

Kondratieff/Akamatsu, 5) 70+ years Grand continuous-time economic output 

waves in the economy of the scale and the scope at the certain monetary 

bases over the selected time periods in the XYZ coordinates space in Kitchin 

(1923), Juglar (1862), Kuznets (1930a, b, 1973a, b), Kondratieff, Stolper 

(1935), Akamatsu (March-August 1962). The trends vectors directions and 

the tilting angles for every considered wave with the different amplitudes, 

frequencies, periods, and phases in the economy of the scale and the scope at 

the certain monetary bases over the selected time periods are shown. 

 

 
Fig. 13. Ledenyov graphic scheme of continuous-time economic output 

waves in economy of scale and scope at certain monetary base over selected 

time period in XYZ coordinates space: 1) 3 – 7 years Kitchin in Kitchin 

(1923), 2) 7 –11 years Juglar in Juglar (1862), 3) 15 – 25 years Kuznets in 

Kuznets (1930a, b, 1973a, b), 4) 45 – 60 years Kondratieff in Kondratieff, 

Stolper (1935), and 45 – 60 years Akamatsu in Akamatsu (March-August 

1962), 5) 70+ years Grand. 
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In the macroeconomics, the continuous-time economic wave(s) can be 

filtered out from the statistical data, creating the so called business cycles: 

the periodic oscillations of the macro-/micro-/nano- economic output 

variables in the economy of the scale and the scope over the selected time 

period. These continuous-time economic output waves can be described by 

the certain mathematical variables: the amplitude, frequency, period, phase, 

and polarization, changing continuously in the time scale. 

Once again, the General Domestic Product GDP(t) was introduced in 

Kuznets (1930a, b, 1973a, b), and it is frequently viewed as a continuous-

time fluctuation of the economy output in the form of the oscillating quantity 

of the produced goods and provided services in the economy of the scale and 

the scope over the specified time period in Kuznets (1930a, b, 1973a, b). 

Presently, in the Ledenyov classic econodynamics science, we can say 

that it better to write the continuous-time economic waves of the GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, 

monetary base) oscillations in the economy of the scale and the scope over 

the selected time period. 

Up to this date, a number of the different sophisticated research 

techniques to analyse the economic time series were proposed, aiming to 

detect, filter, precisely measure the continuous-time economic output waves 

in the economy of the scale and scope over the time. The statistical data 

analysis methods in the macroeconomics are based on the statistical data 

analysis methods in the natural sciences: 

1. Statistical mathematics; 4. Electrodynamics physics; 

2. Statistical physics; 5. Analog signals processing;  

3. Hydrodynamics physics; 6. Differential/Integral Equations. 

 Tab.1. Natural sciences with statistical data analysis methods. 

 

 The appropriate modifications to the statistical data analysis methods 

are usually made, having the final goal to better analyze and accurately 

characterize the economic output time series in the macroeconomics. 

 Let us demonstrate the spectrum analysis of the oscillating economic 

output variables with the detected 1) 3 – 7 years Kitchin, 2) 7 –11 years 

Juglar, 3) 15 – 25 years Kuznets, 4) 45 – 60 years Kondratieff/Akamatsu, 5) 



 

36 

 

70+ years Grand continuous-time economic output waves in the economy of 

the scale and scope over the time in Kitchin (1923), Juglar (1862), Kuznets 

(1930a, b, 1973a, b), Kondratieff, Stolper (1935), Akamatsu (March-August 

1962). 

Fig. 14 shows the spectrum analysis of 1) 3 – 7 years Kitchin, 2) 7 –11 

years Juglar, 3) 15 – 25 years Kuznets, 4) 45 – 60 years 

Kondratieff/Akamatsu, 5) 70+ years Grand continuous-time economic output 

waves in the economy of the scale and the scope at the certain monetary base 

over the selected time period in Kitchin (1923), Juglar (1862), Kuznets 

(1930a, b, 1973a, b), Kondratieff, Stolper (1935), Akamatsu (March-August 

1962). 

 
Fig. 14. Spectrum analysis of continuous-time economic output waves in 

economy of scale and scope at certain monetary base over selected time 

period in XYZ coordinates space: 1) 3 – 7 years Kitchin in Kitchin (1923), 2) 

7 –11 years Juglar in Juglar (1862), 3) 15 – 25 years Kuznets in Kuznets 

(1930a, b, 1973a, b), 4) 45 – 60 years Kondratieff in Kondratieff, Stolper 

(1935), 5) 45 – 60 years Akamatsu in Akamatsu (March-August 1962), 6) 

70+ years Grand. 
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In the modern macroeconomics, a full list of most frequently applied 

econometric methods with the statistical time-series estimation to analyse the 

economic output data in the selected economy of the scale and the scope over 

the selected time period includes the following econodynamic tests: 

1. The unit root test to detect the trends in the economic output time 

series in Dickey, Fuller (1979), Bhargava (1986), Stock, Watson 

(1988a, b), Warne (1993), Patterson (2011, 2012); 

2. The Wiener–Kolmogorov (W-K) filter to filter out the continuous-time 

economic output waves/cycles/trends in Tintner (1940), Wiener 

(1941), Kolmogorov (1941), Pollock (1999, 2000, 2003a,b, 2006, 

November 2007); 

3. The Hodrick-Prescott filter to filter out the continuous-time economic 

output waves/cycles/trends in Hodrick, Prescott (1980, 1997), Cogley, 

Nason (1995), Pedregal, Young (2001), Ravn, Uhlig (2002), Harvey, 

Trimbur (2003), Pollock (1999, 2000, 2003a,b, 2006, November 

2007); 

4. The Butterworth band-pass filters to filter out the continuous-time 

economic output waves/cycles/trends in Baxter, King (1999), Gómez 

(2001), Christiano, Fitzgerald (2003), Valle e Azevedo, Koopman, Rua 

(2004), Pelagatti (2004) Pollock (1999, 2000, 2003a,b, 2006, 

November 2007); 

5. The Bayesian filters to filter out the continuous-time economic output 

waves/cycles/trends propagation dynamics in Harvey (1989), West, 

Harrison (1989); 

6. The cross correlation/synchronization comparative analysis between 

the continuous-time economic output waves in Koopman, Valle e 

Azevedo (2004), Ikeda, Aoyama, Fujiwara, Iyetomi, Ogimoto, Souma, 

Yoshikawa (2012), Ikeda, Aoyama, Yoshikawa (2013a, b), Ikeda 

(2013); 

7. The Vector Autoregression Model (VAR) to analyse the dynamic 

behaviour of the continuous-time economic output waves in Sims 

(1980), Krolzig (1997, 1999), Yao (2001), Asteriou, Hall (2011), Qin 

Duo (2011); 
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8. The impulse response function (IRF) techniques to analyse the 

propagation of the continuous-time economic output waves in the 

conditions of the economic shocks in Frisch (1933), Koop, Pesaran, 

Potter (1996), Ehrmann, Elison, Valla (2001, 2003); 

9. The Granger causality test to predict the change dynamics of the 

continuous-time economic output waves in Granger (1969, 1980, 

2004), Achilleas (March 2016); 

10. The Vector Error Correction Model (VECM) test to detect an existence 

of the long term interconnections between the economic output time 

series in Yule (1926), Granger, Newbold (1978), Engle, Granger 

(1987), Peel, Davidson (1998), Psaradakis, Sola, Spagnolo (2001), 

Krolzig, Marcellino, Mizon (2002); 

11. The coupled oscillator model test to describe the nature of the 

oscillating dynamics of business cycles in Ikeda, Aoyama, Fujiwara, 

Iyetomi, Ogimoto, Souma, Yoshikawa (2012), etc. 

 Presently, the economic output of the economy of the scale and the 

scope is usually evaluated by its monetary value in the major currency unit(s) 

(US$, EU€, UK₤) over the selected time period (month, quarters, years) in 

National Bureau of Economic Research (2018), US Department of 

Commerce (2018). In some cases, the economic output of the economy of the 

scale and the scope is measured by its monetary value in the certain currency 

unit(s) (US$, EU€, UK₤) per a head of population over the selected time 

period. In other cases, the observed data of ( ) ( ) ( )1G i GDP i GPD i∆ = − − over 

the time, calculated from the GDP per capita, are reported in Taniguchi, 

Bando, Nakayama (2008).  In addition, the economic output of the economy 

of the scale and the scope can be characterized as the dependence of the grow 

rate of GDP(t), which is defined as ( ) ( ) ( )( )
( )

1

1
i i

i

i

GDP t GDP t
x t

GDP t

− −
=

−
 in Ikeda, 

Aoyama, Yoshikawa (2013). The statistical data on the Greece economy of 

the scale and the scope were analyzed with an application of the above 

econometric methods in Achilleas (March 2016). Therefore, it is noteworthy 

to say that the above listed econometric methods are still quite popular 

among the macroeconomics researchers. 
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 Considering the economy of the scale and the scope, let us highlight an 

interesting fact that all the interactions between the continuous-time 

economic output waves with the certain amplitudes, frequencies and phases 

in the nonlinear dynamic diffusion-type economy of the scale and the scope 

can be divided into the three main types in the Ledenyov classic and quantum 

econodynamics science in Ledenyov D O, Ledenyov V O (2013c): 

1. The linear interactions; 

2. The non-linear interactions; 

3. The mixed linear/non-linear interactions. 

 Fig. 15 shows the linear vs. nonlinear continuous-time economic 

output signals’ waveforms in the nonlinear dynamic diffusion-type economy 

of the scale and the scope in the amplitude, frequency, phase, time domains 

over the time. 

 
Fig. 15. Linear vs. nonlinear continuous-time economic output signals 

waveforms in nonlinear dynamic diffusion-type economy of scale and scope 

in amplitude, frequency, phase and time measurement domains over time. 

Speaking scientifically, in the physics, we know that the micro-

systems can exhibit the physical properties of macro-systems, and the macro-
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systems can exhibit the physical characteristics of the micro-systems. In 

application to the economics, it means that, hypothetically, we can assume 

that an accurate characterization of the economic output waves can be done 

much more better by drawing parallels between 1) the economic output 

waves in the economy of the scale and the scope in Ledenyov classic and 

quantum econodynamics as well as 2) the electromagnetic waves in the 

continuous media in the Maxwell electrodynamics. Therefore, we think that 

the characteristic properties of the economic output waves in the economy of 

the scale and the scope over the time can be studied by applying the scientific 

theories and methods, derived in the research on the electromagnetic waves 

in the continuous media. Obviously, the proposed scientific approach implies 

many various benefits, including the effective use of an accumulated 

scientific knowledge base in the Maxwell electrodynamics science to solve 

the challenging problem on the precise characterization of the economic 

output waves in the economy of the scale and the scope in the in Ledenyov 

classic and quantum econodynamics. Thus, let us draw some comparative 

parallels between 1) the Ledenyov classic and quantum econodynamics 

science and 2) the Maxwell electrodynamics science, by considering the new 

theoretical mechanisms on possible realization of a mixing of the continuous-

time economic output waves in the economy of the scale and the scope in 

Ledenyov classic and quantum econodynamics. 

Korotayev, Tsirel (2010) made an interesting research proposition that 

the Kuznets continuous-time economic output wave in Kuznets (1930a, b, 

1973a, b) may, in fact, be one of the harmonics, which to be generated in the 

process of the high power economic output waves mixing in the nonlinear 

dynamic diffusion-type economic system in the economy of the scale and the 

scope. We think that this research proposition Korotayev, Tsirel (2010) 

deserves a focused scientific attention, because the continuous-time 

economic output signal’s harmonics can be generated in the following 

possible cases: 

1. An interaction of the one continuous-time economic output waves with 

the nonlinear dynamic diffusion-type economic system in the economy 

of the scale and the scope over the time; 
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2. A mixing of the two continuous-time economic output waves in the 

nonlinear dynamic diffusion-type economic system in the economy of 

the scale and the scope over the time; 

3. A mixing of a number of the continuous-time economic output waves 

in the nonlinear dynamic diffusion-type economic system in the 

economy of the scale and the scope over the time. 

Let us illustrate graphically the possible theoretical mechanisms of the 

economic output signal’s harmonics generation in the nonlinear dynamic 

diffusion-type economy of the scale and the scope over the time in Ledenyov 

classic and quantum econodynamics by using an optional analogy with the 

theoretical mechanisms on the electromagnetic signal’s harmonic generation 

in the nonlinear medium in Maxwell electrodynamics. 

Fig. 16 presents a scheme of the Radio Frequency (RF) mixer for the 

mixing of the two electro-magnetic signals in accordance with the analog 

signal processing theory in the electrodynamics. 

 
Fig. 16. Scheme of Radio Frequency (RF) mixer for mixing of two electro-

magnetic signals in accordance with analog signal processing theory in 

electrodynamics. 
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Now, let us imagine that the single continuous-time economic output 

wave interacts with the nonlinear dynamic diffusion-type economic system in 

the economy of the scale and the scope over the time in the Ledenyov classic 

and quantum econodynamics similarly to the case, when the one high power 

electro-magnetic signal interacts with the nonlinear physical medium over 

the time in the Maxwell electrodynamics. We can expect that the second, 

third and other high order harmonics can be generated. 

Fig. 17 depicts the harmonics generation in the case of the single 

continuous-time economic output wave interaction with the nonlinear 

dynamic diffusion-type economic system in the economy of the scale and the 

scope over time in the Ledenyov classic and quantum econodynamics. It is 

similar to the single high power electro-magnetic signal interaction with the 

nonlinear medium over the time in the Maxwell electrodynamics. 

 
Fig. 17. Ledenyov One Wave Interaction (LOWI): Harmonics generation in 

case of interaction between single continuous-time economic output wave 

and nonlinear dynamic diffusion-type economy of scale and scope over time 

in Ledenyov classic and quantum econodynamics. It is similar to single 

electro-magnetic signal interaction with nonlinear medium over time in 

Maxwell electrodynamics. 
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Going to the next case scenario, let us imagine that the two 

continuous-time economic output waves interact in the nonlinear dynamic 

diffusion-type economic system in the economy of the scale and the scope 

over the time in the Ledenyov classic and quantum econodynamics similarly 

to the case, when the two high power electro-magnetic signals interact in the 

nonlinear physical medium over the time in the Maxwell electrodynamics. In 

this case, the second, third and high order harmonics can be generated. 

Fig. 18 shows the harmonics generation in the case of two continuous-

time economic output waves mixing in the nonlinear dynamic diffusion-type 

economic system in the economy of the scale and the scope over the time in 

the Ledenyov classic and quantum econodynamics. It is similar to the 

numerous electro-magnetic signals mixing in the nonlinear medium over the 

time in the Maxwell electrodynamics. 

 
Fig. 18. Ledenyov Two Waves Mixing (LTWM): Harmonics generation in 

case of mixing of two continuous-time economic output waves in nonlinear 

dynamic diffusion-type economy of scale and scope over time in Ledenyov 

classic and quantum econodynamics. It is similar to numerous electro-

magnetic signals mixing in nonlinear medium over time in Maxwell 

electrodynamics. 
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Of course, we cannot limit our research discussion by the only 

consideration on a possible realization of the harmonics generation effects 

during a mixing of the continuous-time economic output waves in the 

nonlinear dynamic diffusion-type economy of the scale and the scope over 

the time in the Ledenyov classic and quantum econodynamics. There is a big 

number of the researched nonlinear electromagnetic effects at various 

frequencies bands in the Maxwell electrodynamics. Therefore, we think that 

the four extra nonlinear high power effects can originate in the nonlinear 

dynamic diffusion-type economy of the scale and the scope over the time in 

the Ledenyov classic and quantum econodynamics in Ledenyov D O, 

Ledenyov V O (2013c): 

1. The Ledenyov Four Waves Mixing (LFWM) effect in the nonlinear 

dynamic diffusion-type economy of the scale and the scope over the 

time in the econodynamics in analogy with the Four Waves Mixing 

(FWM) nonlinear high power effect in the nonlinear optical media 

such as the optical crystal/fiber over the time in the electrodynamics; 

2.  The Stimulated Ledenyov Scattering (SLS1) effect in the nonlinear 

dynamic diffusion-type economy of the scale and the scope over the 

time in the econodynamics in analogy with the Stimulated Brillouin 

Scattering (SBS) nonlinear high power effect in the nonlinear optical 

media such as the optical crystal/fiber over the time in the 

electrodynamics; 

3.  The Stimulated Ledenyov Scattering (SLS2) effect in the nonlinear 

dynamic diffusion-type economy of the scale and the scope over the 

time in the econodynamics in analogy with the Stimulated Raman 

Scattering (SRS) nonlinear high power effect in the nonlinear optical 

media such as the optical crystal/fiber over the time in the 

electrodynamics; 

4.  The Ledenyov Carrier-Induced Phase Modulation effect (LCIPM) in 

the nonlinear dynamic diffusion-type economy of the scale and the 

scope over the time in the econodynamics can exhibit itself and be 

tracked down in analogy with the Carrier-Induced Phase Modulation 

nonlinear high power effect in the nonlinear optical media such as the 

optical crystal/fiber over the time in the electrodynamics. 
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According to the above thinking approach, we propose that the 

Ledenyov Four Waves Mixing (LFWM) nonlinear effect in the nonlinear 

dynamic diffusion-type economy of the scale and the scope over the time in 

the Ledenyov classic and quantum econodynamics can originate in analogy 

with the Four Waves Mixing (FWM) nonlinear high power effect in the 

optical media over the time in the Maxwell electrodynamics, when the 

optical signals at frequency of ω1 and ω2 can generate the two new optical 

signals at the frequencies of ω3=2ω1-ω2 and ω4=2ω2-ω1, propagating in the 

initial signals direction in the optical crystal/fiber over the time in Dutton 

(1998). 

Fig. 19 shows the Ledenyov Four Waves Mixing (LFWM) nonlinear 

high power effect in the nonlinear dynamic diffusion-type economy of the 

scale and the scope over the time in the in the Ledenyov classic and quantum 

econodynamics in analogy with the Four Waves Mixing (FWM) nonlinear 

high power effect in the nonlinear optical media (the optical crystal/fiber) 

over the time in the Maxwell electrodynamics. 

 
Fig. 19. Ledenyov Four Waves Mixing (LFWM) nonlinear high power effect 

in nonlinear dynamic diffusion-type economy of scale and scope over time in 

in the Ledenyov classic and quantum econodynamics. 
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We suggest that the Stimulated Ledenyov Scattering (SLS1) effect in 

the nonlinear dynamic diffusion-type economy of the scale and the scope 

over the time in the in the Ledenyov classic and quantum econodynamics can 

appear in analogy with the Stimulated Brillouin Scattering (SBS) nonlinear 

high power effect in the nonlinear optical media over the time in the Maxwell 

electrodynamics, when the optical signal at frequency ω1 (the photons signal) 

propagates, experiencing the backward reflection and subsequent attenuation 

as a result of its interaction with the crystal grating’s periodic correlated 

acoustic mechanical vibrations (the phonons signal, causing the refraction 

index change) in the optical crystal/fiber. The Stimulated Brillouin Scattering 

(SBS) was discovered in Brillouin (1922), Mandelstam (1926). 

Fig. 20 displays the Stimulated Ledenyov Scattering (SLS1) nonlinear 

high power effect in the nonlinear dynamic diffusion-type economy of the 

scale and the scope over the time in the Ledenyov classic and quantum 

econodynamics in analogy with the Stimulated Brillouin Scattering (SBS) 

nonlinear high power effect in the nonlinear optical media (the optical 

crystal/fiber) in the electrodynamics. 

 
Fig. 20. Stimulated Ledenyov Scattering (SLS1) nonlinear high power 

effect in nonlinear dynamic diffusion-type economy of scale and scope over 

time in the Ledenyov classic and quantum econodynamics. 
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We think that the Stimulated Ledenyov Scattering (SLS2) effect in the 

nonlinear dynamic diffusion-type economy of the scale and the scope over 

the time in the in the Ledenyov classic and quantum econodynamics can be 

measured in analogy with the Stimulated Raman Scattering (SRS) nonlinear 

high power effect in the nonlinear optical media over the time in the Maxwell 

electrodynamics, when the optical signal at frequency ω1 (the photons signal) 

propagates, experiencing the backward reflection and subsequent attenuation 

as a result of its interaction with the molecules/atoms bonds 

vibrations/rotations (the infrared signal, causing the refraction index change) 

in the optical crystal/fiber. The Stimulated Raman Scattering (SRS) was 

discovered in Raman (1928), Landsberg, Mandelstam (1928). 

Fig. 21 pictures the Stimulated Ledenyov Scattering (SLS2) nonlinear 

high power effect in the nonlinear dynamic diffusion-type economy of the 

scale and the scope over the time in the Ledenyov classic and quantum 

econodynamics in analogy with the Stimulated Raman Scattering (SRS) 

nonlinear high power effect in the nonlinear optical media (the optical 

crystal/fiber) in the Maxwell electrodynamics. 

 
Fig. 21. Stimulated Ledenyov Scattering (SLS2) nonlinear high power effect 

in nonlinear dynamic diffusion-type economy of scale and scope over time in 

the Ledenyov classic and quantum econodynamics. 
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We believe that the Ledenyov Carrier-Induced Phase Modulation 

effect (LCIPM) in the nonlinear dynamic diffusion-type economy of the scale 

and the scope over the time in the in the Ledenyov classic and quantum 

econodynamics can exhibit itself in analogy with the Carrier-Induced Phase 

Modulation (the Self-Phase Modulation and/or the Cross-Phase Modulation) 

nonlinear high power effect in the nonlinear optical media in the Maxwell 

electrodynamics, when the optical signal at frequency ω1 (the photons signal) 

propagates in the nonlinear optical crystal/fiber, experiencing the optical 

signal phase widening due to the Kerr effect, i.e. the refraction index change 

due to the optical signal’s electromagnetic field action on the 

atoms/molecules in Kerr (1875a, b), Stolen, Lin (April 1978). 

Fig. 22 demonstrates the Ledenyov Carrier-Induced Phase Modulation 

effect (LCIPM) in the nonlinear dynamic diffusion-type economy of the scale 

and the scope over the time in the Ledenyov classic and quantum 

econodynamics in analogy with the Carrier-Induced Phase Modulation 

nonlinear high power effect in the nonlinear optical media (the optical 

crystal/fiber) in the Maxwell electrodynamics. 

 
Fig. 22. Ledenyov Carrier-Induced Phase Modulation effect (LCIPM) in 

nonlinear dynamic diffusion-type economy of scale and scope over time in 

the Ledenyov classic and quantum econodynamics. 
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 Concluding our research discussion on the nonlinearities, we would 

like to note that the nonlinear effects in the economy of the scale and scope 

over the time were researched comprehensively in Purica, Caraiani (2009). 

Taking our research discussion to a next qualitative level, we would 

like to emphasis that, in the classic macroeconomics, a considerable 

scientific attention is paid to an accurate characterization of the continuous-

time economic output waves, including the Juglar continuous-time economic 

output wave in Juglar (1862), Kitchin continuous-time economic output 

wave in Kitchin (1923), Kondratieff continuous-time economic output wave 

in Kondratieff (1922, 1925, 1926, 1928, 1935, 1984, 2002), Kuznets 

continuous-time economic output wave in Kuznets (1930a, b, 1973a, b). 

In addition, it makes sense to remind that, in the beginning of 19th 

century, Prof. Joseph Alois Schumpeter started to think on the accurate 

characterization of the business cycles in the economics at University of 

Czernowitz in the City of Czernowitz in the State of Ukraine in 1909 – 1911, 

completing the writing of his well known book on the business cycles in 

Schumpeter (1939). Since that time, the groundbreaking ideas on an accurate 

characterization of the cyclic oscillations of the economic output variables 

have been further discussed in Burns, Mitchell (1946), Hicks (1950), 

Bernanke (1979), Sussmuth (2003), Devezas (editor) (2006) among others. 

Thus, at present time, we can speak in the terms of technical 

parameters such as the amplitude, frequency and phase during an accurate 

characterization of the continuous-time economic output waves in the space-

time domain in agreement with the theoretical representations in the analog 

signal processing theory in the electronics and the Maxwell electrodynamics 

theory in the physics. 

Well, in this context, we would like to highlight an interesting 

observation that the scientific notion of the mathematical field is not used in 

application to parameters measurement of the continuous-time economic 

output waves in the space-time domains in the fundamental economics. Here, 

it is necessary to explain that, for the first time, an abstract meaning on the 

mathematical field was in the mathematics introduced by the Euclid as 

described in Ledenyov D O, Ledenyov V O (2015a). In the mathematics, it is 

a well known fact that the mathematical field can be considered as one of the 
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most important geometrical characteristics of the abstract mathematical 

space-time domain in Ledenyov D O, Ledenyov V O (2015a).  

In the Maxwell electrodynamics within the physics, the electro-

magnetic signal can radiate by the physical fields in Maxwell (1890), 

Ledenyov D O, Ledenyov V O (2015a). Presently, a list of the possible 

physical fields includes the gravitation field in space physics, the calibrating 

field in the quantum physics, the information field in the mathematical 

physics, etc. 

Fig. 23 shows the directions of the electric field vector (E) and the 

magnetic field vector (H) in case of continuous-time electromagnetic wave 

propagation in medium/vacuum in Maxwell electrodynamics. 

 
 

Fig. 23. Directions of electric field vector (E) and magnetic field vector (H) 

in case of continuous-time electromagnetic wave propagation in 

medium/vacuum in Maxwell electrodynamics. 
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Let us formulate the Ledenyov information money fields theory of the 

continuous-time economic output waves in the nonlinear dynamic diffusion-

type economic system in the economy of the scale and the scope. 

The Ledenyov information money fields theory of the continuous-time 

economic output waves in the nonlinear dynamic diffusion-type economic 

system in the economy of the scale and the scope postulates that the 

continuous-time economic output waves may have the Ledenyov information 

money fields, transmitting the financial/ economic information in the 

nonlinear dynamic diffusion-type economic system in the economy of the 

scale and the scope. 

In other words, we make a theoretical proposition that the continuous-

time economic output waves in the nonlinear dynamic diffusion-type 

economy of the scale and the scope, including: 

1. The Juglar fixed investment continuous-time economic output wave; 

2. The Kitchin inventory continuous-time economic output wave; 

3. The Kondratieff long continuous-time economic output wave; 

4. The Kuznets infrastructural investment continuous-time economic 

output wave; 

may be characterized by the Ledenyov information money fields. 

Speaking clearly, our theoretical proposition on the Ledenyov 

information money fields in the Ledenyov classic econodynamics is made in 

an analogy with the case of the electromagnetic continuous-time waves, 

which can be characterized by the electric and magnetic fields in the 

electrodynamics theory in the physics in Ledenyov D O, Ledenyov V O 

(2015a). 

In our opinion, the Ledenyov information money fields of the cyclic 

oscillations of economic variables in the nonlinear dynamic economic system 

play an important role of the information transmission about a characteristic 

state of the radiating source of the information money fields in the economy 

of the scale and the scope. 

We think that a econodynamic description of the direction, structure 

and density distribution of the Ledenyov information money fields in the 

Ledenyov classic econodynamics can be done in analogy with the physical 

description of the electromagnetic fields by the Maxwell equations in the 
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Maxwell electromagnetism theory in the electrodynamics in Maxwell (1890), 

Ledenyov D O, Ledenyov V O (2015a). 

Fig. 24 presents the directions of the real and imaginary components of 

the Ledenyov information money field vector in the case of the continuous-

time economic output wave of GIP(t, monetary base), GDP(t, monetary 

base), GNP(t, monetary base), PPP(t, monetary base) with the changing 

amplitude, frequency, period, phase parameters in the nonlinear dynamic 

diffusion-type economy of scale and scope at the certain monetary bases over 

the selected time period in the XYZ coordinates space in the Ledenyov 

classic econodynamics. 

 
 

Fig. 24. Directions of real and imaginary components of Ledenyov 

information money field vector in case of continuous-time economic output 

wave of GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary 

base), PPP(t, monetary base) with changing amplitude, frequency, period, 

phase parameters in nonlinear dynamic diffusion-type economy of scale and 

scope at certain monetary bases over selected time period in XYZ 

coordinates space in Ledenyov classic econodynamics. 
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We assume that the following interactions can have place in the frames 

of the Ledenyov information money fields theory of the continuous-time 

economic output waves in the nonlinear dynamic diffusion-type economic 

system in the economy of the scale and the scope over the time in the 

Ledenyov classic econodynamics: 

1. The Ledenyov information money fields of one continuous-time 

economic output wave can interact with other information money 

fields of other continuous-time economic output waves in the 

nonlinear dynamic diffusion-type economic system in the economy of 

the scale and the scope in the space-time domain; 

2. The Ledenyov information money fields of one continuous-time 

economic output wave can interact with the nonlinear dynamic 

diffusion-type economic system in the economy of the scale and the 

scope by means of the weak and strong interactions with other 

information money fields in the space-time domain. 

3. The magnitude of the Ledenyov information money fields’ density 

distribution in the case of the continuous-time economic output waves 

in the nonlinear dynamic economic system in the economy of the scale 

and the scope can change in the space-time domain. 

Therefore, in our opinion, the Ledenyov information money fields, 

which are associated with the Juglar fixed investment continuous-time 

economic output wave, Kitchin inventory continuous-time economic output 

wave, Kondratieff long continuous-time economic output wave, Kuznets 

infrastructural investment continuous-time economic output wave, can 

interact with each other and/or with the medium such as the nonlinear 

dynamic diffusion-type economic system in the economy of the scale and the 

scope, resulting in the change of the magnitude of the Ledenyov information 

money fields’ density distribution in the case of the continuous-time 

economic output waves in the nonlinear dynamic economic system in the 

economy of the scale and the scope can change in the space-time domain. 

In general, we believe that the Ledenyov information money fields 

theory of the continuous-time economic output waves in the nonlinear 

dynamic economic system in the economy of the scale and the scope can be 

applied in the forecasting process with the application of the complex 
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algorithms at the supercomputers by the central banks with the purpose to 

make the decisions on the monetary policies, the financial stability policies 

creation/implementation as well as by other financial institutions/banks/funds 

with an aim to perform the minimum capital allocation, the countercyclical 

capital buffer creation, and the capital investments. 

To the present day, the nature of the continuous-time economic output 

waves in the economy of the scale and the scope at the selected observation 

time periods as well as the scientific methods for their accurate 

characterization were investigated (in a chronological order) in Ricardo 

(1817, 1821), Juglar (1862), Benner (1875), George (1881, 2009), Marshall 

(1890), Pareto (1890), Walras (1898), Wicksell (1898), Parvus (1901, 1999), 

Marx (1867, July 1893, October 1894), Tugan-Baranovsky (1901, 1923), 

Spiethoff (1902), Schumpeter (1908; 1911, 1934, 1955; 1917, 1956; 1934; 

1936; 1939, 1989; 1945; 1952; 1954; 1961), Aftalion (1909, 1913), Mitchell 

(1913; 1923, 1951; 1923; 1927; 1928; 1951), Mitchell, King (1923), Burns, 

Mitchell (1946), Van Gelderen (1913, 1996), Moore (1914, 1967), Persons 

(1914, 1919a, b, c, d, e, f, g, h, i, j, k, l, 1921, 1922a, b, c, 1924a, b, 1926, 

1927, 1928), Persons, Coyle (1921), Kondratieff (1922; 1925, 1984; 

December 1926, Spring 1979; 1928; 1979; 1984; 1998a, b; 2002), 

Kondratieff, Stolper (1935, 1996), Polanyi (1922), Kitchin (1923), De Wolff 

(1924; 1924, 1999), Kuznets (1924, 1929, 1930a, b, c, d, 1934, 1937, 1940, 

1941, 1954, March 1955, October 1962, 1963, 1965, 1966, 1968, 1971, 

1973a, b), Yule (1926), Ashby (1927), Mitchell (1927; 1941, 1971; 1951), 

Copeland (1929), Dopsch (1930), Heckscher (1930), Souter (1930), 

Wagemann (1930), Wilson (May 1930, 22 October 2007), Hayek (1931, 

1935, 2008; 1933; 1948, 1980; 1966; 1974; 2012), Funk (1932), Hansen 

(1932; 1941; 1951a; b, 1991; 1997), Mortara (1932), Fisher (1933), Frisch 

(1933), Working (1934), Keynes (1919, 1930, 1934, 1936, 1939, 1998), 

Leontief (1936, 1941, 1973, 1977), Haberler (1937), Slutsky (1937), Varga 

(1937), Trakhtenberg (1939), Kolmogorov (1941), Metzler (1941), Northrop 

(1941), Rose (March 1941), Fromm (1942), Garvy (November 1943), 

Samuelson (1943, 1947), Silberling (1943), Ayres (1944, 1962), Åkerman 

(1947), Dupriez (1947, September 1978), Williams (16 Apr 1947), 

Duesenberry (1949), Von Mises (1949, 1962), Dahmén (1950, 1988), Hicks 
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(1950), Goodwin (1951, 1991), Tintner (1953), Wold (1954, 1955, 1960), 

Levi-Strauss (1955, 1961), Solow (1956, 1970), Wolfson (1958, 1991), 

Mendelson (1959-1964), Oldak (1959), Maddison (June 1960, 1981, 1995, 

2003), Olivera (1960), Abramovitz (1961, 1986a, March 1986b), Date (1961, 

1991), Akamatsu (March-August 1962), Friedman, Schwartz (1963), 

Friedman (1993), Hickman (1963), Korenjak (1963), Mandel (1964; 1975; 

1980, 1995; 1981), Adelman (June 1965), Perroux (1965), Granger (1966, 

1969, 1980, 2004), Granger, Newbold (1978), Granger, Teräsvirta (1993), 

Granger, Inoue, Morin (1997), Schmookler (1966), Easterlin (1968), 

Eckstein (1968), Frey (1968, 1974, 1976a, b, 1978), Frey, Ramser (1976), 

Jenkins, Watts (1968), Mansfield (1968, 1983), Rezneck (1968), De Cecco 
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1982, 1984, 1985), Forrester, Mass, Ryan (July 1976), Forrester, Graham, 

Senge, Sterman (1983), Gottlieb (1976), Keran (4 June 1976), Minsky (1976, 
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Chapter 3 

 

Discrete-time digital economic output waves in form of vector-

modulated direct sequence spread spectrum signal in economy 

of scale and scope in classic econodynamics 

 

Let us begin our advanced research on the discrete-time digital 

economic output waves in the economy of the scale and scope in the 

Ledenyov classic econodynamics in the social science by applying an 

accumulated scientific knowledge base in the Maxwell electrodynamics in 

the natural science in Maxwell (1890). Speaking concisely, we prefer to think 

philosophically on a highlighted subject by expressing our new original 

research ideas toward the formulation of the fundamental theoretical 

principles on the Ledenyov discrete-time digital economic output waves in 

the economy of the scale and the scope in the Ledenyov classic 

econodynamics. 

In this context, we believe that a short introduction to the nature of the 

electromagnetic signals in the electrodynamics can be a good starting point 

for our research discussion. Thus, let us begin by making a quite trivial 

research statement that the electromagnetic signals generation, amplification, 

attenuation, propagation and processing is a central research subject in the 

electromagnetic signals theory in the Maxwell electrodynamics in Maxwell 

(1890). 

At this point, let us explain that there may be the following 

electromagnetic signals in the Maxwell electrodynamics in Maxwell (1890): 

1. The electromagnetic signals with the continuously changing physical 

parameters: 

a) The continuous-amplitude signals; 

b) The continuous-frequency signals; 

c) The continuous-phase signals; 

d) The continuous-time signals. 

2. The electromagnetic signals with the discretely changing physical 

parameters. 
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a) The discrete-amplitude signals; 

b) The discrete -frequency signals; 

c) The discrete -phase signals; 

d) The discrete -time signals. 

 All the existing electromagnetic signals in our nature can be accurately 

characterized by the physical parameters in the amplitude, frequency, phase 

and time physical characterization domains in the Maxwell electrodynamics 

in Maxwell (1890). 

Fig. 25 displays a modern scientific approach to the accurate 

characterization of the electromagnetic signals in the Maxwell 

electrodynamics in Maxwell (1890). 

 
Fig. 25. Modern scientific approach to accurate characterization of 

continuous-/discrete-time electromagnetic signals in amplitude, frequency, 

phase and time measurement domains in Maxwell electrodynamics. 

 Giving enough research emphasis to a general classification of the 

electromagnetic signals into the two main types: 1) The electromagnetic 

signals with the continuously changing physical parameters, 2) The 

electromagnetic signals with the discretely changing physical parameters; 
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we would like to describe these electromagnetic signals more clearly. 

 The continuous-time signals (the continuous-wave signals (CW)) are 

characterized in the continuous-time (CW) signals 

generation/processing/filtering theory in the Maxwell electrodynamics in 

Maxwell (1890), Ledenyov D O, Ledenyov V O (2015a).  

 Fig. 26 displays the continuous-time signal’s waveform as a 

dependence of the amplitude on the time, S1(t), in the Maxwell 

electrodynamics in Maxwell (1890), Ledenyov D O, Ledenyov V O (2015a). 
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Fig. 26. Continuous-time signal in form of dependence of amplitude on time 

in Maxwell electrodynamics, S1(t). 

 We can also display the continuous-time signal in the form of a 

dependence of the amplitude on the frequency, S1(f), in the Maxwell 

electrodynamics in Maxwell (1890), Ledenyov D O, Ledenyov V O (2015a). 

The main parameters of the continuous-time signal are: 

1. The amplitude of signal; 

2. The frequency of signal; 

3. The period of signal; 

4. The phase of signal; 

5. The amplitude/frequency/period/phase generation accuracies; 

6. The phase noise of signal; 

7. The non/sub harmonic/spurious emissions of signal. 



 

65 

 

 Fig. 27 pictures the continuous-time signal in the form of a dependence 

of the amplitude on the frequency in the Maxwell electrodynamics, S1(f). 

 
Fig. 27. Dependence of amplitude on frequency for continuous-time 

electromagnetic signal in Maxwell electrodynamics, S1(f). 

 In practice, the continuous-time signal can be synthesized by radiating 

an electromagnetic wave with the continuous- amplitude, frequency, phase 

modifications over the certain time period. Most importantly, the information 

can be coded into the CW signal carrier by applying the analog modulations. 

Let us write a set of formulas to represent the analog modulations by 

amplitude/frequency/phase modifications of the continuous-time signal 

carrier over the certain time period: 

1. The analog modulation by the amplitude modification; 

2. The analog modulation by the frequency modification; 

3. The analog modulation by the phase modification; 

4. The analog modulation by the amplitude switching on/off (the pulse(s) 

generation); 



 

66 

 

 However, let us note that the analog modulation by the on/off 

switching of the continuous-time signal carrier will result in a generation of 

the discrete-time pulse modulated signal. 
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 Fig. 28 pictures the analog signal modulations by the amplitude, 

frequency, phase modifications over the selected time period in the analog 

electronics in the Maxwell electrodynamics. 

 
Fig. 28. Analog signal modulations by amplitude, frequency, phase 

modifications over selected time period in Maxwell electrodynamics: 1) 

Analog modulation by amplitude modification, S1; 2) Analog modulation by 

ferquency modification, S2; 3) Analog modulation by phase modification, S3; 

4) Analog modulation by pulse generation (amplitude switching on/off), S4. 
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 The discrete-time signals (the discrete-wave signals (DW)) are 

characterized in the discrete-time digital signals generation/processing/ 

filtering theory in the Walsh discrete-time digital signal processing science in 

Walsh (1923a, b), Wiener (1923, 1930, 1949), Ito (1944, 1951a, b, 2000), 

Pugachev (1944, 1956a, b, 1960, 1961, 1962, 1971, 1973, 1974, 1975, 1974, 

1978, 1979a, b, 1980a, b, 1981, 1982a, b, 1984, 1985, 1986), Pugachev, 

Sinitsyn (1986, 1989, 1990, 1999, 2004), Pugachev, Sinitsyn, Shin (1986a, b, 

1987a, b, c), Bartlett (1954), Tukey (1957), Stratonovich (1958, 1959a, b, 

1960a, b, 1961, 1964, 1965, 1966, 1967a, b, 1968, 1975), Stratonovich, 

Kuznetsov, Tikhonov (1965), Kalman, Koepcke (1958, 1959), Kalman, 

Bertram (1958, 1959), Kalman (1960a, b, 1963), Kalman, Bucy (1961), 

Oppenheim, Schafer (1989), Simon, Hinedi, Lindsey (1995), Proakis, 

Manolakis (1996), Prisch (1998), Wanhammar (February 24 1999), Sklar 

(2001), Rice (2008), Ledenyov D O, Ledenyov V O (2015a). 

 Fig. 29 shows the discrete-time digital signal’s waveform in the Walsh 

discrete-time digital signal processing science in Walsh (1923a, b), 

Wanhammar (February 24 1999), Ledenyov D O, Ledenyov V O (2015a). 
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Fig. 29. Discrete-time digital signal in form of dependence of amplitude on 

time in Walsh discrete-time digital signal processing science, S2(t). 

 We can draw the discrete-time digital signal in the form of a 

dependence of the amplitude on the frequency, S2(f), in the Walsh discrete-

time digital signal processing science in Ledenyov D O, Ledenyov V O 

(2015a). The main parameters of the discrete-time digital signal are: 
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1. The amplitude of signal; 

2. The frequency of signal; 

3. The period of signal; 

4. The phase of signal; 

5. The amplitude/frequency/period/phase generation accuracies; 

6. The phase noise of signal; 

7. The non harmonic / harmonic / sub harmonic spurious emissions. 

 Fig. 30 pictures the discrete-time signal in the form of a dependence of 

the amplitude on the frequency in the electrodynamics, S2(f). 

 
Fig. 30. Dependence of amplitude on frequency for discrete-time digital 

signal in Walsh discrete-time digital signal processing science, S2(f). 

Discrete-time digital signal can be generated by applying BPSK, QPSK, and 

other high order digital modulations (Square Wave) to continuous-time 

signal carrier (Continuous Wave). Digital modulations make sharp abrupt 

instant transitions between states of 1 and 0, resulting in discrete-time digital 

signal spectrum widening. Digital filters can be used to reduce occupied 

discrete-time digital signal spectrum, but phase transitions will become less 

sharp/abrupt in this case. 
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 At this point, we brought to the detailed consideration the two main 

types of the electromagnetic signals: 1) The continuous-time signals; 2) The 

discrete-time digital signals. Here, let us highlight the fact that the discrete-

time changes of the electromagnetic signal’s parameters, including: 

1. Amplitude; 3. Phase; 

2. Frequency; 4. Time; 

can be considered as a main characteristic distinction between both 1) the 

continuous-time signals and 2) the discrete-time digital signals in the Walsh 

discrete-time digital signal processing science in Walsh (1923a, b). 

 In the theory, we can say that a primary purpose of the discrete-time 

digital signals generation is to synthesis the digital signal states, which 

correspond to the digits: 1 and 0 in Walsh (1923a, b). 

 In practice, the discrete-time digital signals can be generated, using 

many technical methods by making the discrete- amplitude, frequency, phase 

modifications to the continuous-time carrier signal over the time period: 

1. The digital modulation by the amplitude modification, when the 

change in the amplitude corresponds to the discrete states: 1 and 0; 

2. The digital modulation by the frequency modification, when the 

change in the frequency corresponds to the discrete states: 1 and 0; 

3. The digital modulation by the phase modification, when the change in 

the phase corresponds to the discrete states: 1 and 0; 

4. The digital modulation by the amplitude/phase modifications, when 

the change in the amplitude/phase refers to the discrete states: 1 and 0. 
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 Let us graphically demonstrate the possible discrete-time digital 

signal’s modulations by making the discrete- amplitude, frequency, phase 

and pulse modifications over the selected time period as it is usually done in 

the digital electronics. 

 Fig. 31 shows the possible discrete-time digital signal’s modulations 

by making the discrete- amplitude, frequency, phase modifications over the 

selected time period in the in Walsh discrete-time digital signal processing 

science: 1) The digital modulation by amplitude modification, S1; 2) The 

digital modulation by frequency modification, S2; 3) The digital modulation 

by phase modification, S3; 4) The digital modulation by amplitude and phase 

modification, S4. 

 
Fig. 31. Digital signal modulations by discrete- amplitude, frequency, phase 

modifications over selected time period in Walsh discrete-time digital signal 

processing science: 1) The digital modulation by amplitude modification, S1; 

2) The digital modulation by frequency modification, S2; 3) The digital 

modulation by phase modification, S3; 4) The digital modulation by 

amplitude and phase modification, S4. 
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 As we know, the pioneering groundbreaking research on the 

orthogonal functions played an important role in the formulation of the 

Walsh discrete-time digital signals science in Walsh (1923a, b). Since that 

time, the Walsh discrete-time digital signals theory is extensively used to 

design/develop/produce various electronics components, devices, modules 

and systems for the information processing in the electronics engineering: 

1. Information Signals Conversion: Analog-to-Digital Converter(s) 

(ADC) and Digital-to-Analog Converter(s) (DAC); 

2. Information Computing: The mathematical computation, applying the 

digital signals in the digital microprocessors in the form of the 

Integrated Circuit (IC) or the Very Large Scale Integrated (VLSI) 

circuit, which is fabricated on the crystal made of Silicon (Si111); 

3. Information Communication: The digital signals generation, filtering, 

modulation, computing, coding and spreading over the wireline, 

wireless, and optical communication channels in the information 

communication technologies (ICT) in the telecommunications. The 

audio/video information streams can be coded in the digital signal 

processors (DSP) and the communication protocols stacks can be 

created in the microprocessors with the Very Large Scale Integrated 

(VLSI) circuits; 

4. Information Coding: The digital signals generation, filtering, 

computing, coding during the audio/still picture/video signals 

processing in the digital signal processors (DSP). The digital signal 

processors can be designed as the Reduced Instruction Set Computers 

(RISC) or the Complex Instruction Set Computers (CISC) and 

fabricated on the crystal made of Silicon (Si111). The Field 

Programmable Gate Arrays (FPGA) chipsets can be used instead of the 

DSPs for the custom designs of electronic circuits in the small series 

productions. The Application Specific Integrated Circuit (ASIC) for 

the specific digital signal processing tasks can also be employed; 

5. Information Storing: The digital signals memorizing in the different 

types of the stand alone electronic/photonic/magnetic memory chips 

(RAM, DRAM, ROM, EEPROM, etc) and/or embedded memory 
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chips inside the VLSI microchips in the central processors units (CPU) 

in the digital computers. 

6. Information Displaying: The Organic Light Emitting Diod (OLED) / 

Thin Film Transistor (TFT) displays in TV sets, desktop & laptop 

computers, avionics, etc. 

 Firstly, let us make a brief review on the problem on the analog-to-

digital and the digital-to-analog signals conversions with an application of 

the Analog-to-Digital Converter(s) (ADC) and the Digital-to-Analog 

Converter(s) (DAC). The information can be transmitted in the space over 

the time, using the two possible types of the electromagnetic signal-carriers: 

a) The analog continuous-time signal carrier, which can be modulated by 

the analog modulation; 

b) The digital discrete-time signal carrier, which can be modulated by the 

digital modulation, and in some complex cases, by the additional 

analog modulation (see the next chapters). 

 In many practical cases, there is a specific need to covert the analog-to-

digital signals and/or the digital-to-analog signals, which can be solved with 

an application of the ADC and/or the DAC. In the case of the ADC 

conversion, the main aim is to keep the information in the digital signal from 

the analog signal, satisfying the certain technical conditions: 

1. The analog signal has to be in the form of the finite band-limited signal 

in Wanhammar (1999); 

2. The Whittaker-Nyquist- Küpfmüller-Kotelnikov-Shannon theorem on 

the sample frequency must be satisfied in Whittaker (1915, 1935), 

Nyquist (1928), Küpfmüller (1928), Kotelnikov (1933), Shannon (July 

1948, 1949). It means that the Nyquist sample rate must be at least in 

the two times bigger than the analog signal’s bandwidth; 

3. The interpolators and/or the decimators in the form of the digital filters 

can be used as the sample rate converters to increase and/or decrease 

the sample rates in the multivariate systems, preserving the 

information in the modulated signal carrier in Wanhammar (1999). 

 In the another opposite case of the DAC conversion, the analog signal 

can be reconstructed by applying the linear signal filtering to the digital 

signal in Wanhammar (1999). 
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 Fig. 32 displays the analog-to-digital signal conversion process in 

electronics: a) The analog continuous-time electromagnetic signal waveform 

in ideal case with no distortions, S0; b) The discrete-time sampled signal 

waveform in ideal case with no distortions, S1; c) The discrete-time digital 

signal waveform in ideal case with no distortions, S2; d) The discrete-time 

digital signal waveform in practical case with the severe distortions, S3. 

 
Fig. 32. Analog-to-digital signal conversion process in Walsh discrete-time 

digital signal processing science: a) Analog continuous-time electromagnetic 

signal waveform in ideal case with no distortions, S0; b) Discrete-time 

sampled signal waveform in ideal case with no distortions, S1; c) Discrete-

time digital signal waveform in ideal case with no distortions, S2; d) 

Discrete-time digital signal waveform in case with severe distortions, S3. 

 Speaking about the problem on the information computing with the 

microprocessors to perform the computation on the mathematical binary 

logic with the two digits: 1 and 0. A binary number can be written as 

10011010010, that is (0x20) + (1x21)+(0x22) + (0x23) + (1x24) + (0x25) + 

(1x26) + (1x27) + (0x28) + (0x29) + (1x210) = 123410 . The computers operate 

with the binary numbers of 2, 4, 8, 32, 64 length. The computers values are 
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represented in the hexadecimal format 123410= 100110100102 = 4D216 . The 

computers use the floating point arithmetic with floating point numbers to 

make the computations, based on the IEEE standard of the floating point 

numbers representation. In the computers, the digital logic gates made of the 

Low Voltage Complementary Metal Oxyde Semiconductor (LVCMOS) 

transistors are used to perform the real computing, including: 

a) inverter; b) AND gate; c) OR gate; d) NAND gate; 

e) NOR gate; f) negative logic 

AND gate; 

g) negative logic 

OR gate; 

h) multiplexer. 

 The typical microprocessor in the form of the LVCMOS VLSI circuit 

can contain numerous design elements/parts in Wanhammar (1999), 

Chandrakasan, Bowhill, Fox (October 2000), Harris, Harris (August 7 2012), 

Hennessy, Patterson (December 17 2017): 

1. The processing element(s) (PE) with the computing core(s): 

a) Arihmetic Logic Unit(s) (ALU); g) Address multiplexer (Addr MUX); 

b) Register bank(s); h) Data multiplexer (Data MUX); 

c) Accumulator register; k) Program counter; 

d) Instruction register; l) Timing logic; 

e) Indirect address register; m) Control store; 

f) Data out register; n) ALU result internal bus; 

2. The shared cache in the form of the dynamic random access memory 

(RAM/DRAM) of different levels; 

3. The random number generator (RNG) implemented in the hardware; 

4. The memory controller; 

5. The internal data path with the data queue; 

6. The input/output (I/O) data interfaces. 

 The microprocessors can have the two possible memory architectures 

in Wanhammar (1999): 

1. The Von Neumann microprocessor memory architecture, which has 

one memory space for the software program code and data; 

2. The Harvard microprocessor memory architecture, which has the two 

separate memory spaces: one memory space for the software program 

code and another memory space for the data. 
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 Fig. 33 pictures the Von Neumann microprocessor memory 

architecture with the microprocessor, the one external memory, and the 

data/address busses. 

 
Fig. 33. Von Neumann microprocessor memory architecture. 

 Fig. 34 depicts the Harvard microprocessor memory architecture with 

the microprocessor, the two external memory, and the data/address busses. 

 
Fig. 34. Harvard microprocessor memory architecture. 
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 Fig. 35 shows a general scheme of the microprocessor design layout 

(the floor plan), including the processing element(s) (PE), the shared cache in 

the form of the random access memory (RAM), the random number 

generator (RNG) in the hardware implementation, the memory controller, the 

data path with the data queue, the input/output (I/O) data interfaces. 

 
Fig. 35. Scheme of microprocessor design layout in microelectronics. 

 

 Speaking about the information communication, we would like to 

comment that the discrete-time digital signals are frequently employed for 

the digital information communication purposes in microelectronics: 

1. to create the communication links between the processing element 

with the computing kernel and the memory over the high speed data 

path with the digital communication protocols inside/outside the 

digital microprocessor(s); 

2. to provide the communication links between the multiple digital 

microprocessor(s) at the same multilayered motherboard; 
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3. to establish the communication links between the microprocessor and 

the test equipment over the I2C/JTAG/RS232 protocols converters for 

the testing/tuning purposes; 

4. to make the optical communication links between the microprocessors 

at the same/different multilayered motherboards. 

 Discussing the information communication technologies more 

comprehensively, let us  focus precisely on the vector-modulated discrete-

time digital direct sequence spread spectrum signal, which is usually 

employed to transmit the information in the modern electronic devices over 

the wireline, wireless, and optical communication channels in the 

telecommunications. 

 Fig. 36 displays the vector-modulated discrete-time digital direct 

sequence spread spectrum signal in the form of a dependence of the 

amplitude on the frequency in the electrodynamics/the telecommunications. 

 
Fig. 36. Vector-modulated discrete-time digital direct sequence spread 

spectrum signal in form of dependence of amplitude on frequency in 

Maxwell electrodynamics and in Walsh discrete-time digital signal 

processing science. Note: Constant signal power level is radiated. 
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 We would like to explain that, in the high speed 

wireline/wireless/optical data communication links, the communicated 

information (data) can be encoded into the discrete-time digital signal by 

applying the high order digital modulation techniques. The digital 

modulation by the phase modification is a most frequently used method for 

the information encoding, because the electromagnetic signal’s phase change 

can be precisely controlled in the state-of-the-art digital electronic circuits: 
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 There is a number of very efficient high-order digital modulation 

techniques with the amplitude/phase modifications in Matlab (2012, 2014): 

1. The Bipolar (Binary) Phase-Shift Keying phase shift keying (BPSK); 

2. The Differentially Encoded Binary Phase-Shift Keying (DE-BPSK); 

3. The Quadrature (Quaternary) Phase-Shift Keying (QPSK); 

4. The Differentially Encoded Quaternary Phase-Shift Keying (DE-

QPSK); 

5. The Offset Quaternary Phase-Shift Keying (OQPSK); 

6. The Differentially Encoded Offset Quaternary Phase-Shift Keying 

(DE-OQPSK); 

7. The M-ary Phase-Shift keying (M-PSK); 

8. The M-ary Differential Phase-Shift Keying (M-DPSK); 

9. The M-ary Pulse Amplitude Modulation (M-PAM); 

10. The M-ary Quadrature Amplitude Modulation (M-QAM); 

11. The M-ary Frequency-Shift Keying (M-FSK); 

12. The Differentially Encoded M-ary Phase-Shift Keying (DE-M-PSK) 

13. The M-ary Continuous-Phase Frequency-Shift Keying (M-CPFSK) 

14. The Minimum Shift Keying (MSK). 

 Discussing the information encoding with the digital modulation by 

the phase modification in details, let us introduce a scientific notion of the 

phasor in the phase space of the discrete-time digital signal. We can assume 

that the phasor is a vector of certain magnitude, which is tilted on the alpha 
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angle (the phase) in the phase space of the discrete-time digital signal in the 

XY coordinates system.  The phasor notion is frequently used to explain a 

basic idea on the information encoding by the digital modulations with the 

phase/amplitude modification to the input discrete-time digital signal in the 

digital electronics. The Imaginary-Quadrature (IQ) modulation vector 

diagram displays the discretely changing position of the digital modulation 

phasor vector in Wikipedia (2016k, l), Matlab (2012, 2014). 

 Fig. 37 pictures the phasor vector for the digital signal modulation by 

the phase modification over the time at IQ constellation diagram in the digital 

electronics. 

 
Fig. 37. Phasor vector to demonstrate digital signal modulation by phase 

modification over time at IQ constellation diagram in digital electronics. 

 We can graphically demonstrate the high order digital modulation 

techniques in the digital transceivers in the digital electronics by using the 

phasor notion. For example, let us show the following high order digital 

modulation techniques at the IQ constellation diagrams: 

1. The Bipolar Phase Shift Keying (BPSK) digital modulation technique; 

2. The Quadrature Phase Shift Keying (QPSK) digital modulation 

technique; 

3. The 64 Quadrature Amplitude Modulation (64 QAM) digital 

modulation technique. 
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 Fig. 38 displays the information encoding with the Bipolar Phase Shift 

Keying (BPSK) technique at the IQ constellation diagram in the digital 

electronics. 

 
Fig. 38. Information encoding with bipolar phase shift keying (BPSK) at IQ 

constellation diagram in digital electronics. 

 

 Fig. 39 demonstrates the information encoding with the Quadrature 

Phase Shift Keying (QPSK) technique at the IQ constellation diagram in the 

digital electronics. 

 
Fig. 39. Information encoding with Quadrature Phase Shift Keying (QPSK) 

technique at IQ constellation diagram in digital electronics. 
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 Fig. 40 shows the information encoding with the 64 Quadrature 

Amplitude Modulation (64 QAM) technique at the IQ constellation diagram, 

using the amplitude and the phase simultaneous modifications over the time 

in the digital electronics. 

 

 

 
 

Fig. 40. Information encoding with 64 Quadrature Amplitude Modulation 

(64 QAM) at IQ constellation diagram in digital electronics. 

 

 The high order digital modulation techniques quality can be measured, 

using the Error Vector Magnitude (EVM) theoretical concept. Therefore, we 

can say that the Error Vector Magnitude theoretical concept has been 

formulated by the researchers to analyze the quality of the information 

encoding with the high order digital modulation techniques (BPSK, DE-

BPSK, QPSK, DE-QPSK, OQPSK, DE-OQPSK, M-PSK, M-DPSK, M-

PAM, M-QAM, M-FSK, DE-M-PSK, M-CPFSK, MSK) in the digital 

transceivers in the digital electronics. The EVM can be measured by making 
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a comparison between the comparing the measured digitally modulated 

signal and the reference digitally modulated signal. The EVM can be 

displayed on the IQ constellation diagram. 

 Fig. 41 presents the modulation accuracy conception demonstration, 

based on the error vector magnitude (EVM) representation at the 

constellation diagram in the digital electronics. 

 
Fig. 41. Modulation accuracy measurement conception demonstration, based 

on error vector magnitude (EVM) representation at IQ constellation diagram 

in digital electronics. 

 

 Now, let us draw the RF/digital electronic elements scheme of the In-

phase and Quadrature (IQ) (de)modulator of the analog/digital signals in 

electronics. The main technical purpose of the In-phase and Quadrature (IQ) 

(de)modulator of the analog/digital signals is to encode the information (the 

data streams) into the discrete-time digital signal by applying the high order 

digital modulation techniques (BPSK, DE-BPSK, QPSK, DE-QPSK, 

OQPSK, DE-OQPSK, M-PSK, M-DPSK, M-PAM, M-QAM, M-FSK, DE-

M-PSK, M-CPFSK, MSK) in transceivers in the digital electronics. 
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 Fig. 42 provides a scheme of the In-phase and Quadrature (IQ) 

(de)modulator of the analog/digital signals in the digital electronics. 

 
Fig. 42. Scheme of In-phase and Quadrature (IQ) (de)modulator of 

analog/digital signals in digital electronics. 

 

 As we discussed above, the communicated information (data) can be 

encoded into the discrete-time digital signal by applying the high order 

digital modulation techniques (BPSK, DE-BPSK, QPSK, DE-QPSK, 

OQPSK, DE-OQPSK, M-PSK, M-DPSK, M-PAM, M-QAM, M-FSK, DE-

M-PSK, M-CPFSK, MSK) in transceivers in the digital electronics. 

 In practice, it is done by applying the In-phase and Quadrature (IQ) 

(de)modulator of the digital signals in the digital electronics. More 

specifically, the electromagnetic continuous-time carrier signal, is modulated 

by shifting the phase and by changing the amplitude simultaneously and 

independently in the process of operation of the In-phase and Quadrature 

(IQ) (de)modulator of digital signals in the digital electronics. 

 The main idea on the digital modulation is demonstrated, using the 

phasor-vector conception in the above I/Q constellation diagrams. 

 However, it is necessary to explain that the generated discrete-time 

digital vector-modulated signals can be increasingly complex, because of the 

digital modulations, coding and spreading techniques applied. Therefore, the 
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following parameters of the generated discrete-time digital vector-modulated 

signals must be measured, analyzed and controlled precisely: 

1. Amplitude; 8. Gain; 

2. Frequency; 9. Group delay; 

3. Phase; 10. Modulation errors; 

4. Period; 11. Coding errors; 

5. Time; 12. Spreading errors; 

6. Power; 13. Bits/Symbols/Chips timing; 

7. Waveform; 14. Bits/Symbols/Chips offset. 

Tab. 2. Parameters of vector-modulated discrete-time digital signal. 

 In the software defined radio in the digital electronics, the generated 

discrete-time digital vector-modulated signals can be accurately 

characterized by using the following measurement diagrams: 

1. Spectral diagram (Signal spectrum parameters); 

2. I/Q Constellation diagram (Modulation parameters); 

3. Error Vector Magnitude (EVM) diagram (Modulation parameters); 

4. Bit Error Rate (BER) diagram (Information transmission parameters); 

5. Eye diagram (Data rates parameters). 

 In principle, the software defined radio includes the RF transmitter and 

the RF receiver, which can be regarded as the RF transceiver in many cases. 

 The RF transmitter in the software defined radio has both parts:  

1. The digital electronics part; 

2. The analog electronics part. 

 Going from the RF engineering point of view, it may be interesting to 

explain that: 

1. The digital electronics part of RF transmitter in the software defined 

radio is made in the form of the digital signal processor (DSP); 

2. The analog electronics part of RF transmitter in the software defined 

radio is made with application of Au/Ag/Cu microstrip line technology 

at the multilayered electronic elements board, and the RF high-power 

wide-band solid-state amplifier, and the RF high power dielectric 

resonator-filter(s). 
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 The transmitter in the software defined radio is usually designed, using 

the following digital- and analog- electronics parts block scheme. 

 Fig. 43 shows the digital transmitter scheme in software defined radio 

in the digital electronics. 

 
Fig. 43. Digital transmitter scheme in software defined radio in digital 

electronics. 

 The RF receiver in the software defined radio has also 1) the analog 

electronics part and 2) the digital electronics part.  

 Once again, it is necessary to highlight an interesting fact that: 

1. The analog electronics part of RF receiver in the software defined 

radio is made with application of Au/Ag/Cu microstrip line technology 

at the multilayered electronic elements board, and the RF high power 

wide band solid state amplifier, and the RF high power dielectric 

resonator filter(s). 

2. The digital electronics part of RF receiver in the software defined radio 

is produced in the form of the digital signal processor (DSP) in the 

case of big series production or the Field Programmable Gate Array 

(FPGA) in the case of small series production; 
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 The RF receiver in the software defined radio is normally designed, 

utilizing the following analog- and digital- electronics parts block scheme. 

 Fig. 44 shows the digital receiver scheme in software defined radio in 

the digital electronics. 

 
Fig. 44. Digital receiver scheme in software defined radio in digital 

electronics. 

 

Now, let us return back to the discussion on the economics related 

problems, explaining that all the economic analysis methods, which attempt 

to collect the statistical time-series data, then to filter out the continuous-time 

economic output wave, and subsequently to accurately characterize the 

continuous-time economic output wave in the selected economy of the scale 

and the scope over the predetermined time period, are restricted to a slightly 

outdated questionable scientific representation that all the economic output 

parameters must change continuously in the selected economy of the scale 

and the scope in the time domain. 

In reality, the economic output parameters in the modern economy of 

the scale and the scope have the discrete-time nature instead of the 
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continuous-time nature. More clearly, the economic output parameters in the 

modern economy of the scale and the scope change discretely in the 

amplitude, frequency, period, phase and time domains. Therefore, in our 

opinion, all the continuous–time signal theories and testing approaches 

cannot be blindly applied to analyze the discretely changing economic output 

parameters in the modern economy of the scale and the scope. 

Well, switching our research attention to the Ledenyov discrete-time 

digital signals to accurately characterize the business cycles in the Ledenyov 

classic econodynamics, let us explain that the Ledenyov discrete-time digital 

signals theory was created on the knowledge base in the Walsh discrete-time 

signals processing theory science in Ledenyov V O, Ledenyov D O (2016s, 

2017). One of the most important discrete-time signals properties is that the 

discrete-time digital signals can sharply/abruptly/instantly change the 

amplitude, frequency and phase over the time, because of their digital nature. 

In other words, the Ledenyov discrete-time digital waves, which characterize 

the dependence of GDP(t, monetary base), can change abruptly in the time 

domain. This fact is further demonstrated/confirmed during the spectral 

analysis of the existing GDP(t, monetary base) dependences with the 

complex discrete-time digital signal waveforms in various economies of the 

scales and the scopes over the time. 

 Accurately characterizing the Ledenyov discrete-time digital waves, it 

is necessary to highlight a fact that the nature of the oscillations by the 

economic variables in the macroeconomics is discrete, because these 

fluctuations are mainly caused by the discrete-time events in Ledenyov D O, 

Ledenyov V O (2015e). The possible examples of the discrete-time events 

are: 1) the Schumpeter’s creative disruptive innovations in Schumpeter 

(1939, 1942, 1947), Isaacson (6 October 2015), 2) the unexpected changes in 

the supply/demand chain goods/services delivery in various markets, 3) the 

instant sharp change in the financial stability / the monetary stability policies 

by the central bank, 4) the unpredicted change in the economic state course 

by the government; the sharp change of political state course by the 

government in Ledenyov D O, Ledenyov V O (2015e). 

 The discrete nature of the innovation breakthrough processes, which 

are known as the Schumpeter’s creative innovative disruptions during the 
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capitalism evolution was researched in Schumpeter (1911, 1939, 1947), 

Christensen (June 16, 1977; Fall, 1992a, b; 1997; 1998; December, 1998; 

April, 1999a, b, c; 1999a, b; Summer, 2001; June, 2002; 2003; March, April, 

2003; January, 2006), Bower, Christensen (January, February, 1995; 1997; 

1999), Christensen, Armstrong (Spring, 1998), Christensen, Cape 

(December, 1998), Christensen, Dann (June, 1999), Christensen, Tedlow 

(January, February, 2000), Christensen, Donovan (March, 2000; May, 2010), 

Christensen, Overdorf (March, April, 2000), Christensen, Bohmer, Kenagy 

(September, October, 2000), Christensen, Craig, Hart (March, April, 2001), 

Christensen, Milunovich (March, 2002), Bass, Christensen (April, 2002), 

Anthony, Roth, Christensen (April, 2002), Kenagy, Christensen (May, 2002; 

2002), Christensen, Johnson, Rigby (Spring, 2002), Hart, Christensen (Fall, 

2002), Christensen, Verlinden, Westerman (November, 2002), Shah, 

Brennan, Christensen (April, 2003), Christensen, Raynor (2003), Burgelman, 

Christensen, Wheelwright (2003), Christensen, Anthony (January, February, 

2004), Christensen, Anthony, Roth (2004), Christensen, Baumann, Ruggles, 

Sadtler (December, 2006), Christensen, Horn, Johnson (2008), Christensen, 

Grossman, Hwang (2009), Dyer, Gregersen, Christensen (December, 2009; 

2011), Christensen, Talukdar, Alton, Horn (Spring, 2011), Christensen, 

Wang, van Bever (October, 2013)). 

 Thus, let us draw the Ledenyov discrete-time digital economic output 

signal waveforms of GIP(t, monetary base), GDP(t, monetary base), GNP(t, 

monetary base), PPP(t, monetary base): S1digital(t), S2digital(t), S3digital(t), in the 

three special considered cases in the economy of the scale and the scope at 

the certain monetary bases in the seleced time periods in the XY coordinates 

space. Analyzing the below presented waveforms, we can see that the 

Ledenyov discrete-time digital economic output signal waveform in the case 

of strong distortions, S3digital(t) represents the fluctuations of the magnitudes 

of the statistical data of GDP(t), which are usually observed in the real 

economies of the scales and the scopes in the real life conditions. The 

distortions would certainly be able to distort the Ledenyov discrete-time 

digital economic output signal during its propagation in the real economies of 

the scales and the scopes over the time in the real life case scenario. They can 

be caused by the different regulatory/economic/ financial/political cultural 
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impact factors, which can be present in the real economies of the scales and 

the scopes at certain time periods. 

 Fig. 45 shows the Ledenyov discrete-time digital economic output 

signal waveforms of GIP(t, monetary base), GDP(t, monetary base), GNP(t, 

monetary base), PPP(t, monetary base) in XY coordinates in the Ledenyov 

classic econodynamics science: a) The Ledenyov discrete-time digital 

economic output signal waveform in the case of no distortions, S1digital(t); b) 

The Ledenyov discrete-time digital economic output signal waveform in the 

case of weak distortions, S2digital(t); c) The Ledenyov discrete-time digital 

economic output signal waveform in the case of strong distortions, S3digital(t). 

 
Fig. 45. Ledenyov discrete-time digital economic output signal waveforms of 

GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary base), 

PPP(t, monetary base) in XY coordinates space: a) Ledenyov discrete-time 

digital economic output signal waveform in case of no distortions, S1digital(t); 

b) Ledenyov discrete-time digital economic output signal waveform in case 

of weak distortions, S2digital(t); c) Ledenyov discrete-time digital economic 

output signal waveform in case of strong distortions, S3digital(t). 

 Now, let us add the digital signals generated/encoded/spread by the 

high order modulation/encoding/spreading techniques under the action by the 
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Schumpeter disruptive innovations of various origins and other disruptions, 

to our initial consideration, W3 and W4. 

 Fig. 46 shows the Ledenyov discrete-time digital economic output 

signal waveforms of GIP(t, monetary base), GDP(t, monetary base), GNP(t, 

monetary base), PPP(t, monetary base) in the XY coordinates space in the 

Ledenyov classic econodynamics science: a) The Ledenyov discrete-time 

digital wave in the ideal case of no distortions; b) The Ledenyov discrete-

time digital wave in the real case of present distortions; c) The Ledenyov 

vector-modulated discrete-time digital wave in the ideal case of no 

distortions, when the high order modulation is applied; d) The Ledenyov 

vector-modulated discrete-time digital wave in the real case of present 

distortions, when the high order modulation is applied. 

 
Fig. 46. Ledenyov discrete-time digital economic output signal waveforms of 

GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary base), 

PPP(t, monetary base) in XY coordinates space in Ledenyov classic 

econodynamics science: a) Ledenyov discrete-time digital wave in cases of 

no distortions; b) Ledenyov discrete-time digital wave in case of present 

distortions; c) Ledenyov vector-modulated discrete-time digital wave in case 
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of no distortions; d) Ledenyov vector-modulated discrete-time digital wave 

in case of present distortions. 

 Now, we are going to consider the phase diagram of the Ledenyov 

discrete-time digital economic output wave of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) on the 

Ledenyov IQ constellation diagram in the Ledenyov classic econodynamics. 

 Fig. 47 presents a phase diagram of the economic output data stream 

encoding by using the econodynamic high-order Ledenyov Quadrature 

Amplitude Modulation (QAM) into the Ledenyov discrete-time digital 

economic output wave of GIP(t, monetary base), GDP(t, monetary base), 

GNP(t, monetary base), PPP(t, monetary base) at the Ledenyov IQ 

constellation diagram. The amplitude / phase simultaneous modifications in 

the economy of the scale and the scope at the certain monetary base in the 

selected time periods in the Ledenyov classic econodynamics are applied. 

 
Fig. 47. Information encoding with econodynamic high order Ledenyov 

Quadrature Amplitude Modulation (QAM) into Ledenyov discrete-time 

digital economic output wave of GIP(t, monetary base), GDP(t, monetary 

base), GNP(t, monetary base), PPP(t, monetary base) at Ledenyov IQ 
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constellation diagram, using amplitude and phase simultaneous modifications 

in time in economy of scale and scope in Ledenyov classic econodynamics. 

 Now, let us draw the Ledenyov discrete-time economic output wave as 

the Ledenyov vector-modulated discrete-time digital direct sequence spread 

spectrum signal of GIP(t, monetary base), GDP(t, monetary base), GNP(t, 

monetary base), PPP(t, monetary base) in the economy of the scale and the 

scope at the certain monetary base over the time in the XYZ coordinates in 

the ideal case without the distortions in Ledenyov classic econodynamics. 

 Fig. 48 pictures Ledenyov vector-modulated discrete-time digital 

direct sequence spread spectrum signal of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) in the 

economy of the scale and the scope at the certain monetary base in the 

selected time period in the XYZ coordinates space in an ideal case without 

the distortions in Ledenyov classic econodynamics. 

 
Fig. 48. Ledenyov graphic scheme of Ledenyov discrete-time economic 

output wave in form of vector-modulated discrete-time digital direct 

sequence spread spectrum signal of GIP(t, monetary base), GDP(t, monetary 

base), GNP(t, monetary base), PPP(t, monetary base) with changing 
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amplitude, frequency, period, phase in economy of scale and scope at certain 

monetary bases in selected time period in XYZ coordinates space in the ideal 

case without the distortions in Ledenyov classic econodynamics. 

 Let us draw the Ledenyov discrete-time economic output wave as the 

vector-modulated discrete-time digital direct sequence spread spectrum 

signal of GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary 

base), PPP(t, monetary base) in the economy of the scale and the scope at the 

certain monetary base in the selected time period in the XYZ coordinates in 

the case of the strong distortions in Ledenyov classic econodynamics. 

 Fig. 49 pictures the Ledenyov discrete-time economic output wave in 

form of the vector-modulated discrete-time digital direct sequence spread 

spectrum signal of GIP(t, monetary base), GDP(t, monetary base), GNP(t, 

monetary base), PPP(t, monetary base) in the economy of the scale and the 

scope at the certain monetary base in the selected time period in the XYZ 

coordinates space in the case of the strong distortions in Ledenyov classic 

econodynamics. 

 
Fig. 49. Ledenyov graphic scheme of Ledenyov discrete-time economic 

output wave in form of vector-modulated discrete-time digital direct 
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sequence spread spectrum signal of GIP(t, monetary base), GDP(t, monetary 

base), GNP(t, monetary base), PPP(t, monetary base) with changing 

amplitude, frequency, period, phase in economy of scale and scope at certain 

monetary bases in selected time period in XYZ coordinates space in the case 

of the strong distortions in Ledenyov classic econodynamics. 

 

 In the Chapter 3, we investigated some aspects on the Ledenyov 

discrete-time digital economic output wave in the form of the Ledenyov 

vector-modulated direct sequence spread spectrum signal of GIP(t, monetary 

base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary 

base), which can be synthesized/encoded/spread/propagated due to the 

Schumpeter disruptive innovations introduction into the economy of the scale 

and the scope at the certain monitary base over the selected time period in an 

agreement with the Ledenyov classic econodynamics. 

 However, we may assume that there may be many other more complex 

types of the Ledenyov discrete-time digital waves of GIP(t, monetary base), 

GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) with 

the quite complex waveforms, generated by an application of the high order 

digital modulation, encoding and spreading techniques in the economy of the 

scale and the scope at the certain monetary bases over the selected time 

periods as permitted by the Ledenyov classic econodynamics. 

 Therefore, in the next Chapter 4, we want to study the Ledenyov 

discrete-time digital economic output wave in the form of the vector-

modulated direct sequence spread spectrum signal bursts of GIP(t, monetary 

base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary 

base), which can be generated in the economy of the scale and the scope at 

the certain monetary base over the selected time in the frames of the 

Ledenyov classic econodynamics. 
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Chapter 4 

 

Discrete-time digital economic output waves in form of vector-

modulated discrete-time digital direct sequence spread 

spectrum signal’s bursts in economy of scale and scope in 

classic econodynamics 

 

In the Ledenyov classic econodynamics science, we would like to 

consider the Ledenyov discrete-time digital economic output waves in the 

form of the Ledenyov discrete-time digital vector-modulated direct sequence 

spread spectrum signal bursts of GIP(t, monetary base), GDP(t, monetary 

base), GNP(t, monetary base), PPP(t, monetary base), which, in our opinion, 

can originate, propagate and be observed in the economy of the scale and the 

scope at the certain monetary base over the selected observation time period 

in agreement with the in Ledenyov classic econodynamics. 

We prefer to begin by providing some technical information on the 

Frequency Division Duplex (FDD) / Time Division Duplex (TDD) 

electromagnetic spectrum access technologies for the discrete-time digital 

wave(s), which can be generated/transmitted/propagated in form of vector-

modulated discrete-time digital Direct Sequence Spread Spectrum (DSSS) 

signal bursts in the electromagnetic spectrum (the multidimensional space) 

over the time in agreement with the well known principles and theories in the 

Maxwell electrodynamics science. The Frequency Division Duplex (FDD) / 

Time Division Duplex (TDD) vector-modulated discrete-time digital Direct 

Sequence Spread Spectrum (DSSS) signal bursts in the multidimensional 

space over the time, were researched in Dixon (1976), Viterbi (May 1979), 

Pickholtz, Schilling, Milstein (May 1982), Simon, Omura, Scholtz, Levitt 

(1985, 1994), Simon, Moher (2008), Rappaport (January 2010), Miao, 

Zander, Sung, Slimane (2016). 

Presently, the achieved technical progress in the advanced research on 

the (FDD) / (TDD) discrete-time digital waves in the form of the vector-

modulated Direct Sequence Spread Spectrum (DSSS) signal bursts resulted 

in an appearance of the electronic/photonic devices with the innovative 
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designs of the wireline, wireless, and optical digital high-speed data 

communication channels/links for the information communication purposes 

over the short/long distances in the space at the selected time periods. 

 Fig. 50 displays a) The Frequency Division Duplex (FDD) / Time 

Division Duplex (TDD) vector-modulated discrete-time digital Direct 

Sequence Spread Spectrum (DSSS) signal bursts in the space over the time in 

the Maxwell electrodynamics; b) The I/Q constellation diagram with the 64 

Quadrature Amplitude Modulation (64 QAM) in the Maxwell 

electrodynamics; c) The Spectrum analysis diagram with a dependence of the 

amplitude on the frequency for the Frequency Division Duplex (FDD) / Time 

Division Duplex (TDD) vector-modulated discrete-time digital Direct 

Sequence Spread Spectrum (DSSS) signal bursts in Maxwell 

electrodynamics. 

 
Fig. 50. a) FDD) / TDD discrete-time digital wave in form of FDD/TDD 

vector-modulated discrete-time digital DSSS signal bursts in space over time 

in Maxwell electrodynamics; b) I/Q constellation diagram with 64 

Quadrature Amplitude Modulation  for FDD/TDD vector-modulated 

discrete-time digital DSSS signal bursts over time in Maxwell 
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electrodynamics; c) Spectrum analysis diagram with dependence of 

amplitude on frequency for FDD / TDD vector-modulated discrete-time 

digital Direct Sequence Spread Spectrum (DSSS) signal bursts over time in 

Maxwell electrodynamics. 

At this point in our discussion, we would like to switch our research 

attention to the Ledenyov classic econodynamics science. Going from the 

foundational principles of the Ledenyov classic econodynamics science, we 

tend to think that the Ledenyov discrete-time digital economic output waves 

in the form of the vector-modulated discrete-time digital direct sequence 

spread spectrum DSSS signal bursts could be generated at very same 

moments of time, when the Schumpeter disruptive innovations would be 

introduced into the economy of the scale and the scope. 

In this case, we assume that the economic output carrier signal of the 

certain amplitude, frequency, phase can be digitally modulated by the high 

order digital modulation techniques, and then, it can be encoded by the 

economic specific encoding codes, and after that, it can be digitally spread 

with the unique economic spreading codes, resulting in a generation of the 

Ledenyov discrete-time digital economic output wave in the form of the 

vector-modulated discrete-time digital direct sequence spread spectrum 

DSSS signal bursts, propagating in the economy of the scale and the scope 

over the time in the Ledenyov classic econodynamics. In other words, the 

Ledenyov discrete-time digital economic output waves in the form of the 

vector-modulated discrete-time digital direct sequence spread spectrum 

DSSS signal bursts represents the modulated, encoded and spread carrier 

signals of the certain amplitude, frequency, phase, propagating in the 

economy of the scale and the scope over the time in the Ledenyov classic 

econodynamics. The modulation/encoding/spreading takes place, because of 

the Schumpeter disruptive innovations introduction and can also be defined 

by some other factors (the economic regulatory law base). 

Generally, we can say that the Ledenyov discrete-time digital 

economic output waves in the form of the vector-modulated discrete-time 

digital direct sequence spread spectrum DSSS signal bursts represent the 

dependencies of GIP(t, monetary base), GDP(t, monetary base), GNP(t, 

monetary base), PPP(t, monetary base), which can be measured in the 
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economy of the scale and the scope at the certain monetary base over the 

selected observation time periods in Ledenyov D O, Ledenyov V O (2015d, 

e, f), Ledenyov D O, Ledenyov V O (2016r), Ledenyov V O, Ledenyov D O 

(2016s, 2017). 

 Fig. 51 pictures a) The Ledenyov discrete-time digital economic 

output waves in the form of the vector-modulated discrete-time digital direct 

sequence spread spectrum DSSS signal bursts of GIP(t, monetary base), 

GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base), 

propagating in the economy of the scale and the scope over the time in the 

Ledenyov classic econodynamics; b) The Ledenyov I/Q constellation 

diagram with the econodynamic 64 Qudrature Amplitude Modulation 

(QAM) in the Ledenyov classic econodynamics; c) The spectrum analysis 

diagram with the Ledenyov transmission bandwidth of the Ledenyov 

discrete-time digital economic output waves in the form of the vector-

modulated discrete-time digital direct sequence spread spectrum DSSS signal 

bursts of GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary 

base), PPP(t, monetary base) in the economy of the scale and the scope over 

the time in the Ledenyov classic econodynamics. 
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Fig. 51. a) Ledenyov discrete-time digital economic output waves in the 

form of the vector-modulated discrete-time digital direct sequence spread 

spectrum DSSS signal bursts of GIP(t, monetary base), GDP(t, monetary 

base), GNP(t, monetary base), PPP(t, monetary base), propagating in 

economy of scale and scope over time in Ledenyov classic econodynamics; 

b) Ledenyov I/Q constellation diagram with econodynamic 64 Qudrature 

Amplitude Modulation (QAM) in Ledenyov classic econodynamics; c) 

Spectrum analysis diagram with Ledenyov transmission bandwidth of 

Ledenyov discrete-time digital economic output waves in the form of the 

vector-modulated discrete-time digital direct sequence spread spectrum 

DSSS signal bursts of GIP(t, monetary base), GDP(t, monetary base), GNP(t, 

monetary base), PPP(t, monetary base) in economy of scale and scope in 

Ledenyov classic econodynamics. 

Thus, in Ledenyov classic econodynamics, we tend to believe that the 

Schumpeter disruptive innovations have a natural ability to modulate, encode 

and spread the economic output carrier signal digitally by discretely changing 

its magnitude, phase, frequency parameters over the selected time period 

during the high order digital modulations, encoding and spreading processes 

with the unique economy-specific modulation, encoding and spreading 

codes, which are defined by the Schumpeter’s disruptive innovations 

origination/introduction/ adaptation/application origins. Therefore, let us 

consider comprehensively the waveforms of the Ledenyov discrete-time 

digital economic output waves in the form of the vector-modulated discrete-

time digital direct sequence spread spectrum DSSS signal bursts of GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, 

monetary base), propagating in economy of scale and scope over time in 

Ledenyov classic econodynamics. 

 Fig. 52 presents the Ledenyov discrete-time waves of of GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, 

monetary base), in the economy of the scale and the scope at certain 

monetary base over time. The Ledenyov simple discrete-time digital wave, 

Wave 1 (W1); the Ledenyov complex discrete-time digital wave, Wave 2 

(W2); the Ledenyov complex discrete-time digital wave with the multiple 

distortions, Wave 3 (W3); the Ledenyov discrete-time digital economic 
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output wave in the form of the vector-modulated discrete-time digital direct 

sequence spread spectrum DSSS signal bursts in the case of multiple 

distortions, Wave 4 (W4) in Ledenyov V O, Ledenyov D O (2017). 

 
Fig. 52. Ledenyov discrete-time digital waves of GIP(t, monetary base), 

GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) in 

economy of scale and scope at certain monetary base over time in Ledenyov 

classic econodynamics: a) Ledenyov simple discrete-time digital wave, 

Wave 1 (W1); b) Ledenyov complex discrete-time digital wave, Wave 2 

(W2); c) Ledenyov complex discrete-time digital wave with multiple 

distortions, Wave 3 (W3); d) Ledenyov discrete-time digital economic output 

wave in the form of the vector-modulated discrete-time digital direct 

sequence spread spectrum DSSS signal bursts in the case of multiple 

distortions, Wave 4 (W4). 

Now, let us take a close look on the Ledenyov discrete-time digital 

economic output wave in the form of the vector-modulated discrete-time 

digital direct sequence spread spectrum DSSS signal bursts of GIP(t, 
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monetary base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, 

monetary base) in the economy of the scale and the scope at the certain 

monetary base in the selected observation time period in the case of multiple 

distortions the Ledenyov classic econodynamics science in Ledenyov V O, 

Ledenyov D O (2017). 

Fig. 53 shows the Ledenyov discrete-time digital economic output 

wave in the form of the vector-modulated discrete-time digital direct 

sequence spread spectrum DSSS signal bursts of GIP(t, monetary base), 

GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) in the 

economy of the scale and the scope at the certain monetary base in the 

selected observation time period in the case of multiple distortions the 

Ledenyov classic econodynamics science. 

 
Fig. 53. Ledenyov discrete-time digital economic output wave in the form of 

the vector-modulated discrete-time digital direct sequence spread spectrum 

DSSS signal bursts of GIP(t, monetary base), GDP(t, monetary base), GNP(t, 

monetary base), PPP(t, monetary base) in the economy of the scale and the 

scope at the certain monetary base in the selected observation time period in 

the case of multiple distortions the Ledenyov classic econodynamics science. 
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 Fig. 54 shows a Ledenyov graphic scheme of the Ledenyov discrete-

time digital economic output wave in the form of the vector-modulated 

discrete-time digital direct sequence spread spectrum signal’s bursts of GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, 

monetary base) with the changing amplitude, frequency, period, phase in the 

economy of the scale and the scope at the certain monetary base in the 

selected time period in the XYZ coordinates space in Ledenyov classic 

econodynamics. 

 

 
 

Fig. 54. Ledenyov graphic scheme of Ledenyov discrete-time digital 

economic output wave in form of vector-modulated discrete-time digital 

direct sequence spread spectrum signal’s bursts of GIP(t, monetary base), 

GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) with 

changing amplitude, frequency, period, phase in economy of scale and scope 

at certain monetary base in selected time period in XYZ coordinates space in 

Ledenyov classic econodynamics. 
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 Presently, we live in the time of great transition from the continuous-

time finances/economics in Merton (November 3 1992) to the discrete-time 

digital finances in the economies of the scales and scopes in Ledenyov V O, 

Ledenyov D O (2017). The formulation of the Ledenyov classic 

econodynamics science founding principles requires us to re-think, re-

consider and re-conceptualize the completely outdated theoretical ideas on 

the continuous-time business cycles, and to focus our research mainly on the 

innovative theoretical ideas on the discrete-time digital business cycles in the 

economy of the scale and the scope over the selected time period in 

Ledenyov V O, Ledenyov D O (2017). 

Completing the information gathering, thoughtful thinking and 

rigorous analysis, we make a scientific proposition that there are the five 

main types of the discrete-time digital business cycles in the economy of the 

scale and the scope in agreement with the Ledenyov classic econodynamics: 

1. 3 – 7 years Ledenyov discrete-time inventory cycle in Ledenyov V O, 

Ledenyov D O (2017); 

2. 7 – 11 years Ledenyov discrete-time fixed investment cycle in 

Ledenyov V O, Ledenyov D O (2017); 

3. 15 – 25 years Ledenyov discrete-time infrastructural investment cycle 

in Ledenyov V O, Ledenyov D O (2017); 

4. 45 – 60 years Ledenyov discrete-time long wave cycle in Ledenyov V 

O, Ledenyov D O (2017); 

5. 70+ years Ledenyov grand discrete-time super-cycle in Ledenyov V O, 

Ledenyov D O (2017); 

instead of the five outdated types of the continuous-time business cycles in 

the economy of the scale and the scope in the classic macroeconomics: 

1. 3 – 7 years Kitchin continuous-time inventory cycle in Kitchin (1923); 

2. 7 –11 years Juglar continuous -time fixed investment cycle in Juglar 

(1862); 

3. 15 – 25 years Kuznets continuous -time infrastructural investment 

cycle in Kuznets (1973a, b); 

4. 45 – 60 years Kondratieff continuous-time long wave cycle in 

Kondratieff, Stolper (1935); 

5. 70+ years Grand continuous-time super-cycle. 
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 Fig. 55 shows the Ledenyov discrete-time digital economic output 

wave in the form of the vector-modulated direct sequence spread spectrum 

signals’ bursts in the economy of the scale and the scope over the time in 

Ledenyov classic econodynamics. The 3 – 7 years Ledenyov discrete-time 

inventory cycle, Wave 5 (W5); the 7 –11 years Ledenyov discrete-time fixed 

investment cycle, Wave 4 (W4); the 15 – 25 years Ledenyov discrete-time 

infrastructural investment cycle, Wave 3 (W3); the 45 – 60 years Ledenyov 

discrete-time long wave cycle, Wave 2 (W2); the 70+ years Ledenyov grand 

discrete-time super-cycle, Wave 1 (W1). 

 
Fig. 55. Ledenyov discrete-time digital economic output waves in form of 

vector-modulated direct sequence spread spectrum signals’ bursts in 

economy of scale and scope at certain monetary base over time in Ledenyov 

classic econodynamics: 1) 3 – 7 years Ledenyov discrete-time inventory 

cycle, Wave 5 (W5); 2) 7 –11 years Ledenyov discrete-time fixed investment 

cycle, Wave 4 (W4); 3) 15 – 25 years Ledenyov discrete-time infrastructural 

investment cycle, Wave 3 (W3); 4) 45 – 60 years Ledenyov discrete-time 

long wave cycle, Wave 2 (W2); 5) 70+ years Ledenyov grand discrete-time 

super-cycle, Wave 1 (W1). 



 

105 

 

 Fig. 56 shows the Ledenyov discrete-time digital economic output 

waves in the form of the vector-modulated discrete-time digital direct 

sequence spread spectrum signal’s bursts of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) with the 

changing amplitude, frequency, period, phase in the economy of the scale 

and the scope at the certain monetary base in the selected time period in the 

XYZ coordinates space in Ledenyov classic econodynamics: a) 3 – 7 years 

Ledenyov discrete-time inventory cycle, Wave 5 (W5); b) 7 –11 years 

Ledenyov discrete-time fixed investment cycle, Wave 4 (W4); c) 15 – 25 

years Ledenyov discrete-time infrastructural investment cycle, Wave 3 (W3); 

d) 45 – 60 years Ledenyov discrete-time long wave cycle, Wave 2 (W2); e) 

70+ years Ledenyov grand discrete-time super-cycle, Wave 1 (W1).  The 

wave propagation vector direction is defined by the α, β, γ angles in the XYZ 

coordinates space on the base of the statistical data. 

 
Fig. 56. Ledenyov graphic scheme of Ledenyov discrete-time digital 

economic output wave in form of vector-modulated discrete-time digital 

direct sequence spread spectrum signal’s bursts of GIP(t, monetary base), 

GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) with 
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changing amplitude, frequency, period, phase in economy of scale and scope 

at certain monetary base in selected time periods in XYZ coordinates space 

in Ledenyov classic econodynamics: a) 3 – 7 years Ledenyov discrete-time 

inventory cycle, Wave 5 (W5); b) 7 –11 years Ledenyov discrete-time fixed 

investment cycle, Wave 4 (W4); c) 15 – 25 years Ledenyov discrete-time 

infrastructural investment cycle, Wave 3 (W3); d) 45 – 60 years Ledenyov 

discrete-time long wave cycle, Wave 2 (W2); e) 70+ years Ledenyov grand 

discrete-time super-cycle, Wave 1 (W1). 
 

 In the Chapter 4, we researched some aspects on the Ledenyov 

discrete-time digital economic output wave in the form of the vector-

modulated discrete-time digital direct sequence spread spectrum DSSS signal 

bursts of GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary 

base), PPP(t, monetary base) with the changing amplitude, frequency, period, 

phase, which can be generated and measured in the economy of the scale and 

the scope at the certain monetary base in the selected time periods in the 

XYZ coordinates space in Ledenyov classic econodynamics. 

 At the same time, we think that there may be many other discrete-time 

digital waves with the even more complex waveforms, which can be 

originated by an application of the high order digital modulation, encoding 

and spreading techniques in the economy of the scale and the scope at the 

certain monetary base in the selected time periods in the XYZ coordinates 

space in Ledenyov classic econodynamics. 

 Therefore, in the Chapter 5, we intend to investigate the Ledenyov 

discrete-time digital economic output wave in the form of the vector-

modulated discrete-time digital direct sequence spread spectrum DSSS signal 

short/wide/ultra-wide band pulses in the economy of the scale and the scope 

at the certain monetary base in the selected time periods in the XYZ 

coordinates space in Ledenyov classic econodynamics. 
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Chapter 5 

 

Discrete-time digital economic output waves in form of vector-

modulated discrete-time digital direct sequence spread 

spectrum signals’ short/long/ultra long pulses in economy of 

scale and scope in classic econodynamics 

 

Let us continue our research discussion with consideration on the 

generation, propagation and possible absorption/attenuation/amplification of 

the following economic output waves: 

1. The Ledenyov discrete-time digital economic output waves in the form 

of the continuous-time modulated signal’s short/long/ultra long time 

duration pulses of GIP(t, monetary base), GDP(t, monetary base), 

GNP(t, monetary base), PPP(t, monetary base) in the economy of the 

scale and the scope in the Ledenyov classic econodynamics; 

2. The Ledenyov discrete-time digital economic output waves in the form 

of the discrete-time digital vector-modulated direct sequence spread 

spectrum signal’s short/long/ultra long time duration pulses of GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base), 

PPP(t, monetary base) in the economy of the scale and the scope in the 

Ledenyov classic econodynamics. 

 Following our early adopted discussion style, we prefer to begin the 

research by making a focus precisely on the following broad research topics 

in the Maxwell electrodynamics: 

1. The generation of the discrete-time digital electromagnetic waves by 

the analog pulse modulation of the continuous-time signal carrier, 

analyzing the short/long/ultra long time duration pulses; 

2. The generation of the discrete-time digital electromagnetic waves by 

the analog pulse modulation of the discrete-time digital signal carrier, 

considering the short/ long/ultra long time duration pulses. 

 At this point, we would like to explain that the pulse/pulse code 

modulations of the continuous-time electromagnetic signals and the discrete-

time electromagnetic signals are intensively used in the modern 



 

108 

 

electromagnetic signal communication systems/radars/jammers, including the 

data communication transceivers, electronically-steered electronically-

scanned phased array radars, the synthetic aperture radars, the noise radars in 

a big number of different industrial applications. 

 Fig. 57 demonstrates the discrete-time electromagnetic pulse signal 

generation with an application of the analog pulse modulation of the 

continuous-time signal carrier in Maxwell electrodynamics: a) The power 

spectrum of the discrete-time pulse signal with the continuous-time signal 

inside the pulse; b) The power spectrum of the discrete-time pulse signal with 

the continuous-time signal inside the pulse. 

 

 
 

Fig. 57. Discrete-time electromagnetic pulse signal generation with 

application of analog pulse modulation of continuous-time signal carrier in 

Maxwell electrodynamics: a) Power spectrum of discrete-time pulse signal 

with continuous-time signal inside pulse; b) Power spectrum of discrete-time 

pulse signal with continuous-time signal inside pulse. 
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 Let us add some complexity to our representation and consider the 

discrete-time pulse signal generation with an application of the analog pulse 

modulation of the discrete-time digital signal carrier in the Maxwell 

electrodynamics. These signals found their application in the noise radars. 

 Fig. 58 The discrete-time electromagnetic pulse signal generation with 

an application of the analog pulse modulation of the discrete-time digital 

signal carrier in the Maxwell electrodynamics and in the Walsh discrete-time 

digital signal processing science: a) The power spectrum of the discrete-time 

pulse signal with the discrete-time digital signal inside the pulse; b) The 

power spectrum of the discrete-time pulse signal with the discrete-time 

digital signal inside the pulse. 

 
 

Fig. 58. Discrete-time electromagnetic pulse signal generation with 

application of analog pulse modulation of discrete-time digital signal carrier 

in Maxwell electrodynamics and in Walsh discrete-time digital signal 

processing science: a) Power spectrum of discrete-time pulse signal with 

discrete-time digital signal inside pulse; b) Power spectrum of discrete-time 

pulse signal with discrete-time digital signal inside pulse. 



 

110 

 

 Now, let us make a first possible abstract analogy between: 

1. The discrete-time electromagnetic waves in the form of the 

short/long/ultra long time duration electromagnetic pulses, generated 

by the analog pulse modulation of the continuous-time electromagnetic 

signal carrier in the space over the time in the Maxwell 

electrodynamics; and 

2. The Ledenyov discrete-time digital economic output waves in the form 

of the short/wide/ultra wide band pulses of GIP(t, monetary base), 

GDP(t, monetary base), GNP(t, monetary base, PPP(t, monetary 

base)], generated by the analog pulse modulation of the continuous-

time signal carrier in the economy of the scale and the scope over the 

time in the Ledenyov classic econodynamics. 

Fig. 59 displays the Ledenyov discrete-time digital economic output 

waves as the short/wide/ultra wide band pulses of GIP(t, monetary base), 

GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) ), 

generated by the analog pulse modulation of the continuous-time signal 

carrier in the economy of the scale and the scope at the certain monetary base 

over the selected time period in the Ledenyov classic econodynamics. 
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Fig. 59. Ledenyov discrete-time digital economic output wave in form of 

short/wide/ultra wide band pulses of GIP(t, monetary base), GDP(t, monetary 

base), GNP(t, monetary base), PPP(t, monetary base), generated by analog 

pulse modulation of continuous-time signal carrier in economy of scale and 

scope at certain monetary base over selected time period in Ledenyov classic 

econodynamics. 

 

 Then, let us make a second abstract analogy between: 

1. The discrete-time digital electromagnetic wave in the form of the 

short/long/ultra long time duration electromagnetic pulses, created by 

the analog pulse modulation of the vector-modulated discrete-time 

digital direct sequence spread spectrum signal carrier in the space over 

the time in the Maxwell electrodynamics; and 

2. The Ledenyov discrete-time digital economic output wave in the form 

of the short/long/ultra long time duration pulses of GIP(t, monetary 

base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, 

monetary base), generated by the analog pulse modulation of the 

vector-modulated discrete-time digital direct sequence spread 

spectrum signal carrier in the economy of the scale and the scope over 

the time in the Ledenyov classic econodynamics. 

 Now, let us show the Ledenyov discrete-time digital economic output 

wave in the form of the short/long/ultra long time duration pulses of GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, 

monetary base), generated by the analog pulse modulation of the vector-

modulated discrete-time digital direct sequence spread spectrum signal 

carrier in the economy of the scale and the scope over the time in the 

Ledenyov classic econodynamics. 

Fig. 60 displays Ledenyov discrete-time digital economic output wave 

in the form of the short/long/ultra long time duration pulses of GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, 

monetary base), generated by the analog pulse modulation of the vector-

modulated discrete-time digital direct sequence spread spectrum signal 

carrier in the economy of the scale and the scope over the time in the 

Ledenyov classic econodynamics. 
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Fig. 60. Ledenyov discrete-time digital economic output wave in form of 

short/long/ultra long time duration pulses of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base), generated by 

analog pulse modulation of vector-modulated discrete-time digital direct 

sequence spread spectrum signal carrier in economy of scale and scope over 

time in Ledenyov classic econodynamics. 

 

 Thus, we think that the Ledenyov discrete-time digital economic 

output waves in the form of the vector-modulated discrete-time digital direct 

sequence spread spectrum signals’ short/long/ultra long pulses of GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base, PPP(t, 

monetary base)] in the economy of the scale and the scope in the Ledenyov 

classic econodynamics can be generated. 

Going to the next point, it is logical to assume that the Ledenyov 

discrete-time digital economic output waves in the form of the vector-

modulated discrete-time digital direct sequence spread spectrum signals’ 

short/long/ultra long pulses of GIP(t, monetary base), GDP(t, monetary 

base), GNP(t, monetary base, PPP(t, monetary base)] in the economy of the 
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scale and the scope in the Ledenyov classic econodynamics, may have the 

different econodynamic spectral parameters in terms of the 

amplitude/power/frequency/time scales, including: 

1. The pulse econodynamic spectral parameters: 

a) the pulse/average/envelope powers; 

b) the pulse rise/fall time; 

c) the pulse repetition frequencies; 

d) the pulse period; 

e) the pulse width. 

2. The vector-modulated direct sequence spread spectrum signal carrier 

econodynamic spectral parameters: 

a) the amplitude; 

b) the frequency; 

c) the phase; 

d) the modulation accuracy; 

e) the encoding sequence; 

f) the spreading sequence. 

 Thus, let us present graphically the Ledenyov discrete-time digital 

economic output waves in the form of the vector-modulated discrete-time 

digital direct sequence spread spectrum signals’ short/long/ultra long pulses 

of GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary base, 

PPP(t, monetary base)] in the economy of the scale and the scope in the 

Ledenyov classic econodynamics. 

Fig. 61 displays the Ledenyov discrete-time digital economic output 

waves in the form of the vector-modulated discrete-time digital direct 

sequence spread spectrum signals’ short/long/ultra long pulses of GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base, PPP(t, 

monetary base)] in the economy of the scale and the scope in the Ledenyov 

classic econodynamics: a) Ledenyov discrete-time digital economic output 

wave in form of vector-modulated discrete-time digital direct sequence 

spread spectrum signal’s short pulses; b) Ledenyov discrete-time digital 

economic output wave in form of vector-modulated discrete-time digital 

direct sequence spread spectrum signal’s long pulses; c) Ledenyov discrete-
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time digital economic output wave in form of vector-modulated discrete-time 

digital direct sequence spread spectrum signal’s ultra long pulses. 

 

 
 

Fig. 61. Ledenyov discrete-time digital economic output waves in the form 

of the vector-modulated discrete-time digital direct sequence spread spectrum 

signals’ short/long/ultra long pulses of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base, PPP(t, monetary base)] in the 

economy of the scale and the scope in the Ledenyov classic econodynamics: 

a) Ledenyov discrete-time digital economic output wave in form of vector-

modulated discrete-time digital direct sequence spread spectrum signal’s 

short pulses; b) Ledenyov discrete-time digital economic output wave in 

form of vector-modulated discrete-time digital direct sequence spread 

spectrum signal’s long pulses; c) Ledenyov discrete-time digital economic 

output wave in form of vector-modulated discrete-time digital direct 

sequence spread spectrum signal’s ultra long pulses. 
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 Fig. 62 displays a Ledenyov graphic representation scheme of the 

Ledenyov discrete-time digital economic output wave in the form of the 

vector-modulated discrete-time digital direct sequence spread spectrum 

signals’ short/long/ultra long time duration pulses of GIP(t, monetary base), 

GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) with 

the changing amplitude, frequency, period, phase in the economy of the scale 

and the scope at the certain monetary base in the selected time periods in the 

XYZ coordinates space in Ledenyov classic econodynamics. The wave 

propagation vector direction is defined by the α, β, γ tilting angles in the XYZ 

coordinates space on the base of the statistical data on the economic output. 

 
 

Fig. 62. Ledenyov graphic scheme of Ledenyov discrete-time digital 

economic output wave in form of vector-modulated discrete-time digital 

direct sequence spread spectrum signals’ short/long/ultra long time duration 

pulses of GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary 

base), PPP(t, monetary base) with changing amplitude, frequency, period, 

phase in the economy of the scale and the scope at the certain monetary base 

in the selected time periods in the XYZ coordinates space in Ledenyov 
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classic econodynamics: a) Ledenyov discrete-time digital economic output 

wave in form of vector-modulated discrete-time digital direct sequence 

spread spectrum signal’s short pulses; b) Ledenyov discrete-time digital 

economic output wave in form of vector-modulated discrete-time digital 

direct sequence spread spectrum signal’s long pulses; c) Ledenyov discrete-

time digital economic output wave in form of vector-modulated discrete-time 

digital direct sequence spread spectrum signal’s ultra long pulses. 

 

Making some explanatory, summarizing and concluding scientific 

remarks, we would like to highlight the following important research 

findings and proposals: 

1. We think that the Ledenyov discrete-time digital economic output 

waves in the form of the vector-modulated discrete-time digital direct 

sequence spread spectrum signals’ short/long/ultra long pulses of 

GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary base, 

PPP(t, monetary base)] in the economy of the scale and the scope in 

the Ledenyov classic econodynamics can be generated; 

2. We believe that the Schumpeter numerous disruptive 

scientific/technological/economical/financial/social/political/cultural 

innovations have the discrete-time nature in agreement with the 

Schumpeter disruptive innovations theory. It means that the 

Schumpeter numerous disruptive innovations can 

generate/switch/trigger the streams of the bits/chips, making it possible 

to perform the processes of the modulation, encoding and spreading of 

GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary 

base), PPP(t, monetary base) signals. Therefore, in our opinion, the 

Schumpeter numerous disruptive innovations have a natural ability to 

digitally generated, modulate, encode and spread the Ledenyov 

discrete-time digital economic output waves in the form of the vector-

modulated discrete-time digital direct sequence spread spectrum 

signals’ short/long/ultra long pulses of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base, PPP(t, monetary base)] in the 

economy of the scale and the scope in the Ledenyov classic 

econodynamics; 
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3. We assume that the Schumpeter numerous disruptive innovations may 

have the different impacts/influences on the resulting changes of the 

total magnitude of GIP(t, monetary base), GDP(t, monetary base), 

GNP(t, monetary base), PPP(t, monetary base) in the economy of the 

scale and the scope over the selected time period. For instance, some 

Schumpeter’s disruptive innovations may have a big impact and/or 

other Schumpeter’s disruptive innovations may exhibit a small impact 

as far as the resulting changes to the total magnitude of GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base), 

PPP(t, monetary base) in the economy of the scale and the scope at the 

selected time period is concerned. For example, in the transportation 

industry, we can say that the steam locomotive/automobile/aircraft 

inventions can be classified as a disruptive innovation with the big 

impact factor, whereas the numerous steam/petrol/diesel/electric 

locomotive/automobile/aircraft models developments can be 

considered as the multiple disruptive innovations with the small impact 

factor. Of course, we can continue to make the multiple examples, 

considering many other inventions in various industries in the 

economies of the scales and the scopes over the centuries. 

 In Chapter 5, we studied the Ledenyov discrete-time digital economic 

output waves in the form of the vector-modulated discrete-time digital direct 

sequence spread spectrum signals’ short/long/ultra long pulses of GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base, PPP(t, 

monetary base)] in the economy of the scale and the scope in the Ledenyov 

classic econodynamics. 

 Now, the main problem to understand is: Can the phase transitions in 

the Ledenyov discrete-time digital economic output waves in the form of the 

vector-modulated discrete-time digital direct sequence spread spectrum 

signals’ short/long/ultra long pulses of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base, PPP(t, monetary base)] in the 

economy of the scale and the scope in the Ledenyov classic econodynamics 

occur as a result of the quantum jumps of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base), because of 
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the Schumpeter’s disruptive innovations introduction into in the economy of 

the scale and the scope over the selected time period? 

 In next Chapter 6, we intend to research the Ledenyov discrete-time 

digital economic output waves in the form of the vector-modulated discrete-

time digital direct sequence spread spectrum signals’ short/long/ultra long 

pulses of GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary 

base, PPP(t, monetary base)] in the economy of the scale and the scope in the 

Ledenyov classic econodynamics, which can be generated by the quantum 

leaps of GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary 

base), PPP(t, monetary base) due to the Schumpeter’s disruptive innovations 

introduction into the economy of the scale and the scope at the certain 

monetary base in the selected time moments/periods in the XYZ coordinates 

space in Ledenyov quantum econodynamics. 
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Chapter 6 

 

Discrete-time digital economic output waves in form of vector-

modulated discrete-time digital direct sequence spread 

spectrum signals’ short/long/ultra long pulses generated by 

quantum leaps in economy of scale and scope in quantum 

econodynamics 

 

In the quantum technology driven century, we would like to formulate 

the Ledenyov quantum econodynamics science’s foundational scientific 

principles. More clearly, we intend to advance our research by discussing the 

nature of the Ledenyov discrete-time digital economic output waves in the 

form of the vector-modulated discrete-time digital direct sequence spread 

spectrum signal’s short/long/ultra ultra long time duration bursts/pulses, 

generated by the quantum jumps/leaps/fluctuations in the economy of the 

scale and the scope in the frames of the Ledenyov quantum econodynamics. 

We prefer to begin our discussion with a short introductory historical 

overview on a number of important theoretical propositions by the famous 

eminent physicists, which were made in the quantum mechanics in the 

beginning of XX century. The creation of the quantum mechanics can 

certainly be regarded as one of the key milestones, which tremendously 

shaped the science in XX century.  

Let us reflect the main scientific contributions to the quantum 

mechanics in a historical order: 

1. The Planck constant in Planck (1900 a, b, c, d); 
E=hw

where: E is the energy;

            h is the Plank constant;

            w is the circular frequency.

 

2. The Bohr atom model: 1) the electrons at the different discrete-space 

electrons’ orbits and 2) the quantum discrete transitions by the orbiting 

electrons between the orbits as a result of the photon 
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absorption/radiation in Thomson (1897a, b, 30 April 1897, 1904, 1912, 

1913, 1923), Bohr (1913a, b, c, 1921, 1922); 

3. The de Broglie matter wave by electron in atom in de Broglie (1924, 

1925, 1926, 1929); 

4. The Schrödinger wave function in Schrödinger quantum mechanical 

wave equation in Schrödinger (1926a, b) 

( ) ( )ˆ, , ,

:

i r t H r t
t

where   is the reduced Plank constant,

              is the wave function,

              H is the Hamiltonian.

∂
ψ = ψ

∂

ψ



  

5. The Heisenberg uncertainty principle in Heisenberg (1927), Kennard 

(1927). 

,
2

:

x p

x

p

where   is standard deviation of position,

 is the standard deviation of momentum,

               is the reduced Plank constant.

σ σ ≥

σ

              σ





 

Let us consider the Bohr atom model in details, highlighting the fact 

that Bohr (1922) came up with the so called Bohr’s atom model, suggesting 

that 1) the electrons at the different discrete-space electrons’ orbits and 2) the 

quantum discrete transitions by the orbiting electrons between the orbits as a 

result of the photon absorption/radiation in Bohr (1913a, b, c, 1921, 1922). 

As we know, sometime later, the Bohr’s atom model was 

complemented by the theoretical proposition that the electron’s orbiting 

movement with the changing electron’s impulse around the nucleus in the 

atom can be precisely described by the de Broglie continuous-time wave in 

de Broglie (1924, 1925, 1926). 

Let us draw a scheme of the Bohr’s atom model, based on the Niels 

Bohr’s theoretical proposal on the electrons discrete-time transitions from/to 

the electrons discrete-space orbits during the electrons rotational movement 

at the orbits with the de Broglie matter waves trajectories in de Broglie 

(1924, 1925, 1926) around the nucleus in the atom in agreement with 

principles in the condensed matter physics and in the quantum physics. 
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Fig. 63 shows a scheme of the Bohr atom model in Thomson (1897a, 

b, 30 April 1897, 1904, 1912, 1913, 1923), Bohr (1913a, b, c, 1921, 1922), 

de Broglie (1924, 1925, 1926): 1) the electrons rotational movement around 

the nucleus at the different discrete-space elliptic orbits in Bohr (1913a, b, c, 

1921, 1922); 2) the quantum discrete-space discrete-time transitions by the 

orbiting electrons between the elliptic orbits as a result of the photon(s) 

absorption/radiation in Bohr (1913a, b, c, 1921, 1922); 3) the electrons 

rotational movement around nucleus at different discrete-space elliptic orbits 

in the atom is described by the de Broglie matter waves in de Broglie (1924, 

1925, 1926). The discrete-space discrete-time quantum leaps by the electrons 

have place in the atom at the nano-scale. 

 
Fig. 63. Scheme of Bohr atom model in Thomson (1897a, b, 30 April 1897, 

1904, 1912, 1913, 1923), Bohr (1913a, b, c, 1921, 1922), de Broglie (1924, 

1925, 1926): 1) electrons rotation movement around nucleus at different 

discrete-space elliptic orbits in atom in Bohr (1913a, b, c, 1921, 1922); 2) 

quantum discrete-space discrete-time transitions by orbiting electrons 

between elliptic orbits as result of photon absorption/radiation in Bohr 

(1913a, b, c, 1921, 1922); 3) electrons rotational movement around nucleus 

at different discrete-space elliptic orbits in form of de Broglie matter waves 

in de Broglie (1924, 1925, 1926) in atom. 
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The discrete-space discrete-time quantum leaps can also play an 

important role in the stimulated emission in Einstein (1916, 1917) with the 

population inversion mechanism in an application to the laser and/or maser 

devices in the quantum photonics science. 

Fig. 64 shows a scheme of the stimulated emission with the population 

inversion mechanism in an application to the laser in quantum optics. 

 
Fig. 64. Scheme of stimulated emission with population inversion 

mechanism in laser in quantum optics. 

 Taking presented opportunity, let us note that the numerous R&D 

programs in the quantum physics/nanoelectronics, resulted in the design of 

quantum fusing / amplifying / sensing / computing devices: 1) The 

nuclear/thermonuclear reactor(s) in Blokhintsev (1954), Fortov (2016); 2) 

The tunneling semiconductor diode / light emitting semiconductor diode / 

laser semiconductor diode in Alferov (1996), Bimberg, Grundmann, 

Ledentsov (1999); 3) The single electron transistor (SET); 4) The Light 

Amplification by Stimulated Emission of Radiation (LASER) of different 

designs in in Prokhorov, Basov (1955), Gordon, Zeiger, Townes (15 August 

1955), Gould (1959); 5) The RF/DC Superconducting Quantum Interference 
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Device (SQUID); 6) The Quantum Random Number Generator on Magnetic 

Flux Qubits chipset (1024 QRNG_MFQ chipset) in Ledenyov V O, 

Ledenyov D O, Ledenyov O P (2001); 7) The quantum memory on knots of 

magnetic vortices chipset in Ledenyov V O, Ledenyov D O, Ledenyov O P 

(1999). 

 In the Ledenyov quantum econodynamics, we think that the statistical 

oscillations in the form of the dependences of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) can actually 

be viewed as the Ledenyov discrete-time digital economic output wave in the 

form of the vector-modulated discrete-time digital direct sequence spread 

spectrum signal’s short/long/ultra long time duration bursts/pulses in the case 

of present distortions in the economy of the scale and the scope. In addition, 

we believe that the two types of the modulations of GIP(t, monetary base), 

GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base)  

signals can occur as the results of the Type I and II phase transitions: 

1. Discrete-Time Digital Modulation with Type I Phase Transition: In 

this case, the high order amplitude/phase modulation together with the 

encoding/spreading by the Schumpeter disruptive innovations take 

place in the economy of the scale and the scope over the selected time 

period. Therefore, we may assume that the Schumpeter disruptive 

innovations introduction can lead to the quantum leaps of GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base), 

PPP(t, monetary base), which can cause the discrete-time digital 

modulation of the Ledenyov discrete-time digital economic output 

wave in the form of the vector-modulated discrete-time digital direct 

sequence spread spectrum signal’s short/wide/ultra wide bursts/pulses. 

2. Discrete-Time Analog Modulation with Type II Phase Transition: In 

this case, the analog amplitude/phase modulation by the Schumpeter 

disruptive innovations takes place in the economy of the scale and the 

scope over the selected time period. Therefore, we may assume that 

the Schumpeter disruptive innovations introduction can lead to the 

quantum leaps of GIP(t, monetary base), GDP(t, monetary base), 

GNP(t, monetary base), PPP(t, monetary base), which can cause the 

discrete-time analog modulation of the Ledenyov discrete-time digital 
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economic output wave in the form of the vector-modulated discrete-

time digital direct sequence spread spectrum signal’s short/wide/ultra 

wide bursts/pulses. 

 Fig. 65 displays: a) The Ledenyov discrete-time digital economic 

output wave in the form of the vector-modulated discrete-time digital direct 

sequence spread spectrum signal’s short/ long/ultra long time duration 

pulses, generated by the quantum leaps in an ideal theoretical case with the 

no distortions in the economy of the scale and the scope; b) The Ledenyov 

discrete-time digital economic output wave in the form of the vector-

modulated discrete-time digital direct sequence spread spectrum signal’s 

short/long/ultra long time duration pulses, generated by the quantum leaps in 

a real practical case with the different distortions in the economy of the scale 

and the scope. The Ledenyov Type I and Type II phase transitions are shown 

in both considered cases in the Ledenyov quantum econodynamics. 

 
Fig. 65. a) Ledenyov discrete-time digital economic output wave in form of 

vector-modulated discrete-time digital direct sequence spread spectrum 

signal’s short/long/ultra long time duration pulses, generated by quantum 

leaps in ideal theoretical case with no distortions in economy of scale and 
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scope; b) Ledenyov discrete-time digital economic output wave in form of 

vector-modulated discrete-time digital direct sequence spread spectrum 

signal’s short/ long/ultra long time duration pulses generated by quantum 

leaps in real practical case with different distortions in economy of scale and 

scope. The Ledenyov Type I and Type II phase transitions are shown in both 

studied cases in Ledenyov quantum econodynamics. 

 

Now, let us discuss some possible reasons to believe that there may be 

the quantum leaps of GIP(t, monetary base), GDP(t, monetary base), GNP(t, 

monetary base), PPP(t, monetary base) in the economy of the scale and the 

scaope over the selected time period in the frames of the Ledenyov quantum 

econodynamics. Before outlining our theoretical concept on the possible 

quantum leaps of GIP(t, monetary base), GDP(t, monetary base), GNP(t, 

monetary base), PPP(t, monetary base), we would like to assume the 

Ledenyov quantum econodynamics integrates in itself all the important 

research findings in both: 

1. The Ledenyov quantum microeconomics science in Ledenyov D O, 

Ledenyov V O (2015j), and 

2. The Ledenyov quantum macroeconomics science in Ledenyov D O, 

Ledenyov V O (2015h), Jakimowicz (2016). 

In the Ledenyov quantum microeconomics in Ledenyov D O, 

Ledenyov V O (2015j), we would like to introduce the new terminology such 

as the Ledenyov firm of the scale and the scope. In other words, we think that 

the firm has its certain operational boundaries, functioning in the nonlinear 

media such as the nonlinear dynamic economy of the scale and the scope. 

We permit that the Schumpeter disruptive innovation introduction can 

discretely change the EBITDA of the firm in the dynamic nonlinear economy 

of the scale and the scope over the selected time period. 

Then, in the Ledenyov quantum microeconomics, we can assume that 

the discrete changes of the EBITDA of the firm in the dynamic nonlinear 

economy of the scale and the scope over the selected time period may occur 

in the form of the quantum leaps. 

These quantum leaps in the EBITDA of the Ledenyov firms of the 

scales and the scopes in the economy of the scale and scope over the selected 
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time period in the Ledenyov quantum microeconomics may in turn result into 

a presence of the quantum leaps in the dependencies of GIP(t, monetary 

base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) 

in the nonlinear dynamic diffusion type economy of the scale and the scope 

at the certain monetary bases in the selected time periods in Ledenyov 

Ledenyov quantum macroeconomics in agreement with a general framework 

of the Ledenyov quantum econodynamics. 

 Fig. 66 provides a scheme of the Ledenyov stimulated emission with 

the population inversion mechanism in economy of scale and scope in the 

Ledenyov quantum microeconomics. 

 
Fig. 66. Scheme of Ledenyov stimulated emission with population inversion 

mechanism in economy of scale and scope in Ledenyov quantum 

microeconomics. 

In the Ledenyov quantum microeconomics, the quantum theory of the 

firm postulates that the discrete-time transitions from one level of the firm’s 

economic performance to another level of the firm’s economic performance 

will occur in the nonlinear dynamic economic system at the time moment, 

when in Ledenyov D O, Ledenyov V O (2015j): 
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1. The present land, labour and capital resources are (added and 

absorbed) / (released and radiated) in the form of quanta, decreasing or 

increasing the general energy entropy in the nonlinear dynamic economic 

system (the nonlinear medium); 

2. The disruptive scientific/technological/financial/social/political 

innovation(s) is/are introduced into or withdrawn from the nonlinear dynamic 

economic system (the nonlinear medium), creating the resonance conditions 

to amplify/attenuate the value of the firm’s economic performance, during 

the evolution process of the economy of the scale and the scope in the time 

domain (Note: the resonance can result in the increase/decrease of the energy 

of the electromagnetic wave in the electrodynamics science); 

3. The firm’s business processes population inversion mechanism is 

present, when a) the every business process in the firm can be conditionally 

compared to the electron in the atom, b) the discrete increase of business 

process value in the firm can be conditionally associated with the discrete 

increase of electron’s energy in the atom during the energy pumping process 

in the laser, c) the land, labour and capital resources release at the population 

inversion mechanism realization in the firm can be conditionally regarded as 

the light radiation at the population inversion mechanism action in the laser; 

4. The derived formula to describe the discrete-time EBITDA 

changes during the firm’s economic performance variations in terms of the 

quantum theory of the firm is 

( ) ( ), ( )micro m n m n
EBITDA t EBITDA t EBITDA tω = = −  

( ) ( ), ' ( ) ' 'micro m n m n
firm s value t firm s value t firm s value tω = = −  

where: micro  – the Ledenyov constant, 

  ω  – the cyclic velocity, 

  t – the time, 

  EBITDA – the Earnings Before Interest Tax Depreciation Amortization, 

  Firm’s value – the firm’s market capitalization minus the firm’s long 

term investments and debt. 

5. The Ledenyov distribution of a number of excited firms’ business 

processes of certain value at a selected level (state) in the economy of scale 

and the scope in terms of the quantum microeconomics theory is 
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( ) ( )( )
exp ,m nm

n micro

EBIDTA t EBIDTA tN

N T

− −
=


 

( ) ( )' '
exp ,

m n
m

n micro

firm s value t firm s value t
N

N T

 − − 
 =


 

where: micro  – the Ledenyov constant, 

  mN  – the number of firms’ processes of certain value at the state (m), 

  
nN  – the number of firms’ business processes of certain value at the 

state (n),  

  m nN N N= +  – the general number of firms’ processes of certain value in 

the economy of the scale and the scope, 

  t – the time, 

  T – the temperature of the economy of scale and scope, which 

corresponds to the level of entropy of the economy of scale and scope (the 

level of information/business activities by the firms), 

  EBITDA – the Earnings Before Interest Tax Depreciation and 

Amortization, 

  Firm’s value – the firm’s market capitalization minus the firm’s long 

term investments and debt. 

In other words, let us emphasis the fact that the quantum theory of the 

firm states that there may be the discrete-time induced transition(s) between 

the different levels of the firm’s EBITDAs (the firm’s values) in the 

nonlinear dynamic economic system at the time, when the following things 

are present in Ledenyov D O, Ledenyov V O (2015j): 

1. The land, labour and capital, which can be added and absorbed / 

released and radiated in the form of quanta in the nonlinear dynamic 

economic system (the nonlinear medium); 

2. The discrete-time fluctuational processes, which can appear in the 

form of the disruptive scientific/technological/financial/social/political 

innovation(s) that absorb or release the available land, labour and capital 

resources, creating the resonance, in the nonlinear dynamic economic system 

(the nonlinear medium) during the evolution process of the firm in the 

economy of the scale and the scope in the time domain; 
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3. The firm’s business processes population inversion mechanism, 

which occurs at the following condition: N2/N1 >  1. 

 In the Ledenyov quantum macroeconomics in Ledenyov D O, 

Ledenyov V O (2015h), let us highlight a research observation that the 

general information product GIP(t, monetary base), the general domestic 

product GDP(t, monetary base), and the general national product GNP(t, 

monetary base), purchasing power parity PPP(t, monetary base) usually 

change abruptly in the discrete values in the economy of the scale and the 

scope at the certain monetary base over the selected time period, which we 

prefer to call the quanta. 

 Fig. 67 shows a scheme of Ledenyov stimulated emission with 

population inversion mechanism in economy of scale and scope in Ledenyov 

quantum macroeconomics. 

 
 

Fig. 67. Scheme of Ledenyov stimulated emission with population inversion 

mechanism in economy of scale and scope in Ledenyov quantum 

macroeconomics. 
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 In our opinion, we have to focus our research attention on the two 

manifestations of a quantum nature of the GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) dependences: 

1. The presence of the discrete-output spectrum in GIP(t, monetary 

base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) 

dependences, which can be described by the discretely increasing/decreasing 

levels of GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary 

base), PPP(t, monetary base) in the nonlinear dynamic economies of the scale 

and the scope at the certain monetary base over the selected time period; 

2. The presence of the discrete-time digital signals (the Ledenyov 

discrete-time digital waves with the Markov information in Ledenyov D O, 

Ledenyov V O (2015 e, f, g)), which describe the business cycle envelope 

waveform of GIP(t, monetary base), GDP(t, monetary base), GNP(t, 

monetary base), PPP(t, monetary base) in the nonlinear dynamic economies 

of scale and scope in the time domain. 

Let us formulate the Ledenyov quantum macroeconomics theory, 

using the quantum econophysics principles and assuming that the 

characteristic dependences of GIP(t, monetary base), GDP(t, monetary base), 

GNP(t, monetary base), PPP(t, monetary base) are the discrete-time digital 

signals (the Ledenyov discrete-time digital waves with the Markov 

information) in distinction from the early researched continuous-time signals 

(the Kitchin, Juglar, Kuznets, Kondratieff continuous-time waves). The 

discrete-time digital nature of the disruptive 

scientific/technological/financial/social/political innovation(s) introduction 

and implementation generate the GIP(t, monetary base), GDP(t, monetary 

base), GNP(t, monetary base), PPP(t, monetary base) oscillations in the 

nonlinear dynamic economies of the scopes and scales in the time domain in 

Ledenyov D O, Ledenyov V O (2013c, 2015d, 2015e, 2015f). 

The Ledenyov quantum macroeconomics theory postulates that the 

discrete-time transitions from one level of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) to another 

discrete level of GIP(t, monetary base), GDP(t, monetary base), GNP(t, 

monetary base), PPP(t, monetary base) will occur in the nonlinear dynamic 

economic systems at the time moment, when: 
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1. The land, labour and capital resources are added and absorbed / 

released and radiated in the form of quanta, decreasing or increasing the 

general energy entropy in the nonlinear dynamic economic system (the 

nonlinear medium); 

2. The disruptive scientific/technological/financial/social/political 

innovation(s) is/are introduced into or withdrawn from the nonlinear dynamic 

economic system (the nonlinear medium), creating the resonance conditions 

to amplify/attenuate the value of GIP(t, monetary base), GDP(t, monetary 

base), GNP(t, monetary base), PPP(t, monetary base) during the evolution 

process of the nonlinear dynamic economy of the scale and the scope in the 

time domain (Note: the resonance can result in the increase/decrease of 

energy of the electromagnetic wave in the electrodynamics science); 

3. The derived formula to describe the discrete-time output change of 

the nonlinear dynamic economy of the scale and the scope in terms of the 

Ledenyov quantum macroeconomics theory is 

,
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where:   - Ledenyov constant, ω  - cyclic velocity, t – time, GIP(t, monetary 

base) - the general information product on the time GIP(t, monetary base), 

GDP(t, monetary base) - the general domestic product on the time, GNP(t, 

monetary base) - the general national product on the time, PPP(t, monetary 

base) – the purchasing power parity on the time. 

4. The Ledenyov distribution of a number of excited business 

processes of certain value at the selected level (state) in the nonlinear 

dynamic economy of the scale and the scope in terms of the Ledenyov 

quantum macroeconomics theory is 
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where:   - Ledenyov constant, mN  - number of information/business 

processes of certain value at the state (m), nN  - number of 

information/business processes of certain value at the state (n), m nN N N= +  - 

general number of information/business processes of certain value in the 

economy of scale and scope, t - time, T - temperature of the economy of 

scale and scope, which corresponds to the level of entropy of the economy of 

scale and scope (the level of information/business activities by the economic 

agents), GIP(t, monetary base) - the general information product on the time, 

GDP(t, monetary base) - the general domestic product on the time, GNP(t, 

monetary base) - the general national product on the time, PPP(t, monetary 

base) – the purchasing power parity on the time. 

In other words, let us emphasis that the Ledenyov quantum 

macroeconomics theory states that there may be the discrete-time transition 

between the different levels of GIP(t, monetary base), GDP(t, monetary 

base), GNP(t, monetary base), PPP(t, monetary base) in the nonlinear 

dynamic economic system at the time, when the following things are present: 

1. The land, labour and capital, which can be added and absorbed / 

released and radiated in the form of quanta in the nonlinear dynamic 

economic system (the nonlinear medium); 

2. The discrete-time fluctuational processes, which can appear in the 

form of the disruptive scientific/technological/financial/social/political 

innovation(s) that absorb or release the available land, labour and capital 

resources, creating the resonance, in the nonlinear dynamic economic system 
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(the nonlinear medium) during the evolution process of the economy of scale 

and scope in the time domain; 

3. The business processes population inversion mechanism, which 

occurs at the following condition: N2/N1 >  1. 

Let us, once again, give the possible examples of the above discussed 

disruptive scientific/technological/financial/social/political innovation(s): 

1) Scientific innovation: the discovery of new scientific phenomena 

or the derivation of the new formula in the physics in Landes (1998); 

2) Technological innovation: the creation of new materials / devices 

such as the new metals / steam engines, new metals / combustion engines, 

semiconductors / transistors, semiconductors / lasers, superconductors / 

electric motors, superconductors / single electron transistors, superconductors 

/ Josephson junctions, superconductors / quantum random number 

generators, superconductors / quantum processors in Ledenyov D O, 

Ledenyov V O (2015a); 

3) Financial innovation: the creation of new financial products and 

services such as the cryptocurrencies, derivatives and mobile banking; 

4) Social innovation: the introduction of new socioeconomic models, 

for instance: the shared-value initiative, which can be defined as: “the 

policies and operating practices that enhance the competitiveness of a 

company while simultaneously advancing the economic and social conditions 

in the communities in which it operates” in Porter, Kramer (2006, 2011); 

5) Political innovation: the establishment of the new effective 

governmental system. 

We can provide the illustrations of the Ledenyov quantum 

macroeconomics theory by making a comparative analogy and by finding the 

possible parallels between the Ledenyov quantum macroeconomics theory 

and the quantum physics theory: 

1. The discrete nature of the value change of GIP(t, monetary base), 

GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) in the 

quantum macroeconomics theory can be analogous to the discrete nature of 

the electrical charge change (the single electron charge is 1.6x10-

19Coulombs) in the atom in the quantum physics theory in Ledenyov D O, 

Ledenyov V O (2015a); 
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2. The discrete nature of the value change of GIP(t, monetary base), 

GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) in the 

quantum macroeconomics theory can be similar to the discrete nature of the 

electromagnetic energy change ( ω  - the photon energy,  - the Planck 

constant, ω- the cyclic frequency) in the physical world as described in the 

quantum physics theory in Loudon (2001), Ledenyov D O, Ledenyov V O 

(2015a); 

3. The discrete nature of the value change of GIP(t, monetary base), 

GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) in the 

Ledenyov quantum macroeconomics theory can also be collated with the 

discrete nature of the magnetic flux change ( 0Φ - the flux quantum) in the 

superconducting circuits in the physical world as described in the quantum 

physics theory. (For example: In the superconducting ring, the product of the 

magnetic field times the area of the closed loop superconducting circuit has 

to be equal to the multiple of a ratio of the fundamental physical constants 

2e

 , where  - the Planck constant, 2e – the charge of an electron pair in 

Tesche, Clarke (1977), Clarke (1989), Muck (1998), Ledenyov D O, 

Ledenyov V O (2015a)); 

4. The discrete-time transitions of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) in the 

Ledenyov quantum  macroeconomics theory can be compared with the 

discrete-time transitions of the electronic excitations of different energies 

between the possible orbits in the atom. (The Bohr’s atom model in the 

condensed matter physics in Bohr (1922), when the multiple electrons orbit 

an atomic nucleus and can transit from one orbit to another orbit, making the 

absorption or radiation of the energy quanta); 

5. The discrete-time transitions of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) in the 

Ledenyov quantum macroeconomics theory can also be compared with the 

discrete-time transitions of the electronic excitations between the energy 

levels in the laser (the light amplification by stimulated emission of 

radiation) - a quantum electronic device that generates the coherent 

electromagnetic wave radiation of high energy by converting and amplifying 
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the incident non-coherent electromagnetic waves radiation of low energy in 

the nonlinear medium such as the electron/ion plasma, which is created in: 

1) The special cesium/nitrogen/carbonic gas in a tube terminated by 

the optically flat reflecting parallel mirrors like in Fabry-Perot 

interferometer; or 

2) The semiconductor-hetero-structures diode with the different 

energy band gaps with the Brag reflectors to select the mode) at the 

resonance, created by various types of resonators, 

in Townes (1939, 1964, 1966, 1969, 1995, 1999), Townes, Schawlow 

(1955), Gordon, Zeiger, Townes (1955), Shimoda, Wang, Townes (1956), 

Prokhorov, Basov (1955), Prokhorov, Fedorov (1963), Prokhorov (1964, 

1965, 1979), Karlov, Prokhorov (1976), Prokhorov, Buzzi, Sprangle, Wille 

(1992), Schawlow, Townes (1958), Schawlow (1963, 1964), Gould (1959), 

Basov (1964, 1965), Yokoyama, Ujihara (1995), Alferov (1996), Milonni, 

Eberly (1998), Bimberg, Grundmann, Ledentsov (1999). 

As we know, during the laser operation process, the charge carriers 

undertake the discrete-time radiative transitions between the multiple energy 

levels, which occur with the absorption or radiation of the energy quanta, as 

characterized by the electronic excitations population inversion mechanism, 

achieving the resonant optical photons emission in Townes (1939, 1964, 

1966, 1969, 1995, 1999), Townes, Schawlow (1955), Gordon, Zeiger, 

Townes (1955), Shimoda, Wang, Townes (1956), Prokhorov, Basov (1955), 

Prokhorov, Fedorov (1963), Prokhorov (1964, 1965, 1979), Karlov, 

Prokhorov (1976), Prokhorov, Buzzi, Sprangle, Wille (1992), Schawlow, 

Townes (1958), Schawlow (1963, 1964), Gould (1959), Basov (1964, 1965). 

 In Chapter 6, we researched the Ledenyov discrete-time digital 

economic output waves in form of vector-modulated discrete-time digital 

direct sequence spread spectrum signals’ short/long/ultra long pulses of 

GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary base), 

PPP(t, monetary base), generated by the quantum leaps in the economy of the 

scale and the scope at the certain monetary base over the selected time period 

in the Ledenyov quantum econodynamics. 

 Now, let us think: Is it possible to accurately characterize the 

econodynamic variables of the GIP(t, monetary base), GDP(t, monetary 
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base), GNP(t, monetary base), PPP(t, monetary base) in the economy of the 

scale and the scope at the certain monetary base over the selected time period 

in the Ledenyov classic and quantum econodynamics? 

 In next Chapter 7, we will discuss some aspects of the problem on the 

precise measurement of the econodynamic variables of the GIP(t, monetary 

base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) 

in the economy of the scale and the scope at the certain monetary base over 

the selected time period in the Ledenyov classic and quantum 

econodynamics. 

 



 

137 

 

Chapter 7 

 

Precise measurement of econodynamic variables in economy of 

scale and scope in classic and quantum econodynamics 

 

The classic macroeconomics has the scientific knowledge, including 

the macroeconomics theories, the statistical data collection tools, the 

statistical data approximation techniques, the statistical data rigorous analysis 

methodologies, to describe the economy of the scale and the scope with a 

certain degree of accuracy over the time in Joseph Penso de la Vega (1668, 

1996), Mortimer (1765), Smith (1776, 2008), Menger (1871), Bagehot (1873, 

1897), von Böhm-Bawerk (1884, 1889, 1921), Hirsch (1896), Bachelier 

(1900), Schumpeter (1906, 1911, 1933, 1939, 1961, 1939, 1947), Slutsky 

(1910, 1915 1923), von Mises (1912), Hayek (1931, 1935, 2008; 1948, 

1980), Keynes (1936, 1992), Ellis, Metzler (1949), Friedman (1953), Baumol 

(1957), Debreu (1959), Krugman, Wells (2005), Stiglitz (2005, 2015). 

Naturally, for some time period, the classic macroeconomics was 

considered as an empirical science, which uses the purely empirical methods 

to solve economic problems in Krugman, Wells (2005), Stiglitz (2005, 

2015), Desai, King, Goodhart (2015). However, in the multi-petabit digital 

information age, the classic macroeconomics successfully transformed into 

the multidisciplinary science with a particular focus on the formulation of the 

new macroeconomics theories by applying the mathematics, econometrics, 

econophysics sciences in Jakimowicz (2016). As a result, presently, a big 

number of the well established macroeconomic thinking schools with the 

classical empirical approaches to the macroeconomics research continue to 

disappear quickly. At the same time, the new innovative macroeconomics 

schools of thinking with a growing interest into the multidisciplinary 

scientific approach to understand the macroeconomic problems by applying 

the research findings in the mathematics, econometrics, econophysics 

sciences are created, bringing the numerous unbounded opportunities for the 

scientific innovation in Jakimowicz (2016). 
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Well, we have discussed some approaches to the precise measurement 

of the GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary 

base), PPP(t, monetary base) in line with the classic macroeconomics science 

in the previous chapter, realizing that the GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) can be used 

with the purpose to analyze the macroeconomic processes in the economies 

of the scales and the scopes in Kuznets (1973a, b). Making the next step 

forward, we would like to consider a research problem on the precise 

measurement of the macroeconomic variables at the economies of the scales 

and the scopes in the amplitude, frequency, phase and time domains. 

More specifically, we would like apply a classical socioeconomic 

approach, which is based on the universal fundamental knowledge in the 

macroeconomics, complementing it by the innovative econophysical theories 

in the econophysics with the aim to precisely measure the economic output in 

the economy of the scale and the scope. In other words, we pretend to use the 

econometrical and econophysical principles, theories and perspectives in our 

advanced research in the Ledenyov classic and quantum econodynamics in 

Schumpeter (1906, 1933), Bowley (1924), Fogel (1964), Box, Jenkins 

(1970), Grangel, Newbold (1977), Van Horne (1984), Taylor S (1986), Tong 

(1986, 1990), Judge, Hill, Griffiths, Lee, Lutkepol (1988), Hardle (1990), 

Grangel, Teräsvirta (1993), Pesaran, Potter (1993), Banerjee, Dolado, 

Galbraith, Hendry (1993), Hamilton (1994), Karatzas, Shreve (1995), 

Campbell, Lo, MacKinlay (1997), Rogers, Talay (1997), Hayashi (2000), 

Durbin, Koopman (2000, 2002, 2012), Ilinski (2001), Greene (2003), Koop 

(2003), Davidson, MacKinnon (2004), Cameron, Trivedi (2005), Iyetomi, 

Aoyama, Ikeda, Souma, Fujiwara (2008), Iyetomi, Aoyama, Fujiwara, Sato 

(editors) (2012), Vialar, Goergen (2009), Jakimowicz (2016). 

In the Schumpeterian creative-destruction digital-information century, 

the information in the form of the knowledge in the science, business, culture 

and society has been generated, transmitted, propagated, received, processed 

and analyzed by the economic agents at the economies of the scales and the 

scopes in various countries at the different continents. The information in the 

form of a numerical measure of the knowledge has been researched in the 

frames of the information processing theory the information communication 
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science, which is concerned with the scientific ideas on the generation, 

transmission, gathering, classification, storage, retrieval and analysis of the 

acquired “bits” of the information in the in Maxwell (1890), Gabor (1946), 

Shannon (1948). The mathematical analysis of the information is normally 

performed with an application of the mathematical statistics and the 

probability sciences in De Laplace (1812), Bunyakovsky (1846), Chebyshev 

(1846, 1867, 1891), Markov (1890, 1899, 1900, 1906, 1907, 1908, 1910, 

1911, 1912, 1913), Kolmogorov (1938, 1985, 1986), Wiener (1949), Brush 

(1968, 1977), Shiryaev (1995). 

In the Ledenyov classic and quantum econodynamics, we propose the 

Ledenyov theory of the general information product GIP(t, monetary base) in 

the economies of scales and scopes for the first time. It worth to say that all 

the generated economic information can be structured, coded, stored, 

retrieved and analyzed, representing a most valuable asset in possession by 

the economic agent(s) in the modern economies of the scales and the scopes 

in the information societies in an information age. In our theory, we 

introduce a notion on the general information product GIP(t, monetary base), 

which represents a dependence of the general information product on the 

time. The dependence of the general information product on the time GIP(t, 

monetary base) can be interpreted as the ratio of the measured total 

information data stream by the economic agents to the finite time period (the 

bits per month/quarter/year) in accordance with the digital signal processing 

science in Hwang, Briggs (1984), Anceau (1986), Fountain (1987), Chen 

(editor) (1988), Van de Goor (1989), Priemer (1991), Hsu (1995), Lathi 

(1998), Prisch (1998), Wanhammar (February 24 1999), McMahon (2007), 

Ledenyov D O, Ledenyov V O (2015a). Speaking clearly, the measured 

information has to include all the meaningful data at the multiple information 

layers, which are generated by the economic agents within the economy of 

the scale and scope over the finite time period. The exact formula for the 

GIP(t, monetary base) is Ledenyov D O, Ledenyov V O (2015g) 
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In other words, we would like to state that the GIP(t, monetary base) is 

a main parameter, evaluating a performance of the economies of the scales 

and the scopes from the macroeconomics point of view. Hence, we think that 

the Ledenyov economic indicator such as the general information product per 

the time GIP(t, monetary base), can complement the Kuznets economic 

indicator such as the general (gross) domestic product per the time GDP(t) in 

Kuznets (1973a, b), at the accurate measurement of the economic 

performance of any economy of the scale and the scope in the time domain in 

agreement with the Ledenyov theory on the GIP(t, monetary base) in the 

Ledenyov classic and quantum econodynamics. 

It worth saying that, going from the macroeconomic point of view, the 

five main possible origins of the discrete-time fluctuations of the dependence 

of the general information product on the monetary base on the time GIP(t, 

monetary base) in the economies of the scales and the scopes can include: 

1. The discrete-time fluctuations in the technical innovation 

origination; 

2. The discrete-time fluctuations in the financial capital availability; 

3. The discrete-time fluctuations in the qualified labour presence; 

4. The discrete-time fluctuations in the material/technical resources 

access; 

5. The discrete-time fluctuations in the economic/political/social 

regimes establishment. 

In general, we know that the information data streams with the 

discrete-time nature are constantly generated by the various economic agents 

in all the existing economic industrial sectors in the modern economies of the 

scales and the scopes in the information societies in 21st century. Therefore, 

taking to the consideration the oscillating nature of GIP(t,monetary base), we 

conclude that the GIP(t, monetary base) represents the discrete-time digital 

signal (the so called Ledenyov discrete-time digital waves with Markov 

information) rather than the continuous-time signals (the continuous waves); 
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because of the discrete-time digital nature of the information generation 

process by the economic agents in the economies of the scales and the scopes 

as early researched in the theories on the disruptive innovation in Schumpeter 

(1911, 1939, 1947), Christensen (June 16, 1977; Fall, 1992a, b; 1997; 1998; 

December, 1998; April, 1999a, b, c; 1999a, b; Summer, 2001; June, 2002; 

2003; March, April, 2003; January, 2006), Bower, Christensen (January, 

February, 1995; 1997; 1999), Christensen, Armstrong (Spring, 1998), 

Christensen, Cape (December, 1998), Christensen, Dann (June, 1999), 

Christensen, Tedlow (January, February, 2000), Christensen, Donovan 

(March, 2000; May, 2010), Christensen, Overdorf (March, April, 2000), 

Christensen, Bohmer, Kenagy (September, October, 2000), Christensen, 

Craig, Hart (March, April, 2001), Christensen, Milunovich (March, 2002), 

Bass, Christensen (April, 2002), Anthony, Roth, Christensen (April, 2002), 

Kenagy, Christensen (May, 2002; 2002), Christensen, Johnson, Rigby 

(Spring, 2002), Hart, Christensen (Fall, 2002), Christensen, Verlinden, 

Westerman (November, 2002), Shah, Brennan, Christensen (April, 2003), 

Christensen, Raynor (2003), Burgelman, Christensen, Wheelwright (2003), 

Christensen, Anthony (January, February, 2004), Christensen, Anthony, Roth 

(2004), Christensen, Baumann, Ruggles, Sadtler (December, 2006), 

Christensen, Horn, Johnson (2008), Christensen, Grossman, Hwang (2009), 

Dyer, Gregersen, Christensen (December, 2009; 2011), Christensen, 

Talukdar, Alton, Horn (Spring, 2011), Christensen, Wang, van Bever 

(October, 2013)), Bhattacharya, Ritter (1983), Scherer (1984). 

Here, let us explain that the continuous-time signals (the continuous 

waves, CW) empirical / experimental models of GDP(t, monetary base) 

cannot be used to finely analyze/approximate/forecast the real-life 

dependences of GDP(t, monetary base), because of the existing limitations, 

connected with the nature of the discrete-time statistical data of GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, 

monetary base). The following problems must be highlighted: 

1. The discrete-time digital signals are different from the continuous-time 

signals, hence they cannot be processed with the mathematical 

formulas derived for the continuous-time signal of GIP(t, monetary 
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base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, 

monetary base); 

2. The discrete-time digital signals are generated by the discrete-time 

statistical data, hence it makes no sense to apply the continuous-time 

wave differential filtering technique in Hodrick, Prescott (1980, 1997) 

with the purpose to filter out the continuous-time wave of GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base), 

PPP(t, monetary base), considering their propagation directions as the 

so called “trend”; 

3. The discrete-time digital signals are generated by the discrete-time 

statistical data, hence the discrete-time statistical data 

smoothing/approximation techniques with the sinusoid/ co-sinusoid 

like waveforms in Hodrick, Prescott (1980, 1997) cannot be used in 

the forecast of GIP(t, monetary base), GDP(t, monetary base), GNP(t, 

monetary base), PPP(t, monetary base) trends. The problem is that the 

Ledenyov discrete-time digital waves can change 

sharply/abruptly/instantly, whereas the continuous-time waves can 

change slowly/smoothly. 

Therefore, we think that all the continuous-time signals (the 

continuous waves) empirical / experimental outdated models of GDP(t) have 

to be considered as inaccurate in some sense, including the models discussed 

in Juglar (1862), George (1881, 2009), Kondratieff (1922, 1925, 1926, 1928, 

1935, 1984, 2002), Kitchin (1923), Schumpeter (1939), Burns, Mitchell 

(1946), Dupriez (1947), Samuelson (1947), Hicks (1950), Goodwin (1951), 

Inada, Uzawa (1972), Kuznets (1973a, b), Bernanke (1979), Marchetti 

(1980), Kleinknecht (1981), Dickson (1983), Hodrick, Prescott (1980, 1997), 

Anderson, Ramsey (1999), Baxter, King (1999), Kim, Nelson (1999), 

McConnell, Pérez-Quirós (2000), Devezas, Corredine (2001, 2002), Devezas 

(editor) (2006), Arnord (2002), Stock, Watson (2002), Helfat, Peteraf (2003), 

Selover, Jensen, Kroll (2003), Sussmuth (2003), Hirooka (2006), 

Kleinknecht, Van der Panne (2006), Jourdon (2008), Taniguchi, Bando, 

Nakayama (2008), Drehmann, Borio, Tsatsaronis (2011), Iyetomi, 

Nakayama, Yoshikawa, Aoyama, Fujiwara, Ikeda, Souma (2011), Ikeda, 
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Aoyama, Fujiwara, Iyetomi, Ogimoto, Souma, Yoshikawa (2012), Ikeda, 

Aoyama, Yoshikawa (2013a, b), Uechi, Akutsu (2012). 

At this point in our discussion, we can summarize all the acquired 

knowledge by clearly stating that the dependence of the GIP(t, monetary 

base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) 

are usually used to characterize the economy of the scale and the scope in 

Ledenyov D O, Ledenyov V O (2016r). However, looking at the 

dependences of GIP(t, monetary base), GDP(t, monetary base), GNP(t, 

monetary base), PPP(t, monetary base), it is not possible to answer the 

question: What are the separate contributions by both: 

1. The economic output created by the real economic industrial sector of 

the economy of the scale and the scope, as well as 

2. The economic output created by the speculative economic industrial 

sector of the economy of the scale and the scope, 

 to the total resulting magnitudes of GIP(t, monetary base), GDP(t, monetary 

base), GNP(t, monetary base), PPP(t, monetary base)? 

The clear separation of the economic output contributions made by: 

1. The real economic industrial sector of the economy of the scale and 

the scope, as well as 

2. The speculative economic industrial sector of the economy of the scale 

and the scope, 

to the total resulting magnitudes of GIP(t, monetary base), GDP(t, monetary 

base), GNP(t, monetary base), PPP(t, monetary base) is quite important, 

because of a number of the theoretical and practical reasons. 

Here, let us explain that a huge increase in the monetary base by means 

of the money supply inflow during the quantitative easing program(s) 

implementation by the central banks / the federal reserve / the treasures in the 

various financial systems within the economies of the scales and the scopes 

in the developed(ing) countries may lead to the situation, when: 

1. A financial sector of the economy of the scale and the scope, 

including the investment banks/funds with a lot of printed money by the 

central banks/treasures, contribute to the “fictional growth” of GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, 

monetary base) mainly; 
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2. A real estate sector of the economy of the scale and the scope, 

including the building construction/leasing companies, which become hugely 

overvalued and absorb a lot of money from the home 

owners/leasers/renters/buyers, which get the mortgages/loans from the 

investment/commercial banks, which in turn obtain a lot of money from the 

central banks, contribute to the “fictional growth” of GIP(t, monetary base), 

GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) 

mostly; 

3. An Information Communication Technology (ICT) sector of the 

economy of the scale and the scope, including the software/hardware 

development/service providing companies, which become hugely overvalued 

by obtaining the big money from the institutional/private investors such as 

the investment/ commercial banks, investment boutiques, pension funds, 

which in turn get a lot of money from the central banks, contribute to the 

“fictional growth” of GIP(t, monetary base), GDP(t, monetary base), GNP(t, 

monetary base), PPP(t, monetary base)mainly. 

In other words, we can state that the GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) may grow 

disproportionally, because of the increasing contributions by the speculative 

sectors of the economies of the scales and the scopes as a result of huge 

increase of the monetary bases due to the quantitative easing programs 

implementations by the central banks in the economies of the scales and the 

scopes in the developed(ing) countries. At the same time, when the GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, 

monetary base) magnitudes increase disproportionally, the contributions by 

the real economic industrial sectors of the economies of the scales and the 

scopes to the changes of GIP(t, monetary base), GDP(t, monetary base), 

GNP(t, monetary base), PPP(t, monetary base) may strongly decrease/not 

change/slightly increase, depending on the various (non)objective 

financial/economic/technological/political factors. 

Therefore, we can conclude that, in many practical cases, the reported 

values of GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary 

base), PPP(t, monetary base) can be considered as meaningless by the 

economists in view of the fact that it is almost not possible to distinguish the 
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contributions made by the real sector of the economy of the scale and the 

scope as well as by the speculative sector of the economy of the scale and the 

scope to the total resulting magnitude of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base). 

We propose to solve the above described problem by introducing the 

Ledenyov three dimensional (3D) economic output wave diagram to 

accurately characterize and to clearly visualize all the contributions by real- 

and speculative- industrial sectors to the final resulting magnitude of GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, 

monetary base). 

Let us take a minute and explain that the Ledenyov 3D wave diagram 

in the Ledenyov classic and quantum econodynamics has been created, using 

the theory on the continuous-time electromagnetic waves with the rotating 

circular polarization vector in the Maxwell electrodynamics in Wikipedia 

(2016i, j). In Maxwell electrodynamics, the circular polarization of an 

electromagnetic wave is a polarization state, when the electric field of the 

electromagnetic wave has a constant magnitude at each point, but its 

direction rotates with the time at constantly in a plane perpendicular to the 

direction of the wave. 
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 Fig. 68 displays a scheme to illustrate the circular polarization of the 

continuous-time electromagnetic wave (the continuous wave (CW)), 

propagating in the Z direction in the XYZ coordinates space over the time in 

the Maxwell electrodynamics. The circular polarization vector of the electric 

field of the continuous-time electromagnetic wave is shown in XY 

coordinates space. The continuous-time electromagnetic wave propagates in 

the Z direction in the XYZ coordinates space over the time. 

 

 
 

Fig. 68. Scheme to illustrate circular polarization of continuous-time 

electromagnetic wave (continuous wave (CW)), propagating in Z direction in 

XYZ coordinates space over time in Maxwell electrodynamics. Circular 

polarization vector of electric field of continuous-time electromagnetic wave 

is shown in XY coordinates space. Continuous-time electromagnetic wave 

propagates in Z direction in XYZ coordinates space over the time. 
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Usually, the continuous-time electromagnetic waves with the rotating 

circular polarization vector are normally used in the process of the 

information transmission over the different wireless/optical communication 

links/channels in the space and the terrestrial telecommunications: 

1. The ground-to-space wireless communication links; 

2. The space-to-ground satellite communication links; 

3. The fiber optics communication channels. 

In the Ledenyov classic and quantum econodynamics, let us introduce 

a notion on the Ledenyov economic activity vector and write a set of the 

mathematical expressions for the GIP(t, monetary base), GDP(t, monetary 

base), GNP(t, monetary base), PPP(t, monetary base), aiming to make the 

definition of GDP(t, monetary base), in this particular case, as in the formula: 

( ) ( )222
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EAV is the economic activity vector which is a vector magnitude

EAV is the real economic activity vector component

EAV is the speculative economic activity vector component

 

The Ledenyov 3D wave diagram shows the total GIP(t, monetary 

base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) 

as a sum of the two components, including the real- and the speculative- 

magnitudes of GIP(t, monetary base), GDP(t, monetary base), GNP(t, 

monetary base), PPP(t, monetary base). It can change as 1) the continuous- 

time wave in Kitchin (1923), Juglar (1862), Kuznets (1973a, b), Kondratieff, 

Stolper (1935) or as 2) the discrete-time wave in Ledenyov D O, Ledenyov V 

O (2013c, 2015d, 2015e).The phase angle φ defines the tilt of GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, 

monetary base), depending on the real- and the speculative- magnitudes. 
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Fig. 69 shows graphically the proposed Ledenyov three dimensional 

(3D) wave diagram in the macroeconomics science, which can be used to 

accurately characterize and finely display the GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) dependences 

changes dynamics in the time domain in the two possible cases: the 

continuous-time waves of GIP(t, monetary base), GDP(t, monetary base), 

GNP(t, monetary base), PPP(t, monetary base) and the discrete-time waves 

of GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary base), 

PPP(t, monetary base) in the Ledenyov classic and quantum econodynamics. 

 
Fig. 69. Economic activity vector (EAV), defined by phase angle α in XY 

coordinates space, for dependences of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) in economy 

of scale and scope. GDPr(t, monetary base) is positive projection of EAV on 

scale of real economic sector in XY coordinates space. GDPs(t, monetary 

base) is positive projection of EAV on scale of speculative economic sector 

in XY coordinates space. EAV changes in time scale similar to continuous-

/discrete- time wave with rotating polarization in Ledenyov classic and 

quantum econodynamics. 
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Fig. 70 displays graphically the proposed Ledenyov three dimensional 

(3D) wave diagram in the macroeconomics science, which can be used to 

accurately characterize and finely display the GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) dependences 

changes dynamics in the time domain in the two possible cases: the 

continuous-time waves of GIP(t, monetary base), GDP(t, monetary base), 

GNP(t, monetary base), PPP(t, monetary base) and the discrete-time waves 

of GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary base), 

PPP(t, monetary base) in the Ledenyov classic and quantum econodynamics. 

 
Fig. 70. Economic activity vector (EAV), defined by phase angle α in XY 

coordinates space, for dependences of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) in economy 

of scale and scope. GDPr(t, monetary base) is positive projection of EAV on 

scale of real economic sector in XY coordinates space. GDPs(t, monetary 

base) is negative projection of EAV on scale of speculative economic sector 

in XY coordinates space. EAV changes in time scale similar to continuous-

/discrete- time wave with rotating polarization in Ledenyov classic and 

quantum econodynamics. 
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Fig. 71 demonstrates graphically the proposed Ledenyov three 

dimensional (3D) wave diagram in the macroeconomics science, which can 

be used to accurately characterize and finely display the GIP(t, monetary 

base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) 

dependences changes dynamics in the time domain in the two possible cases: 

the continuous-time waves of GIP(t, monetary base), GDP(t, monetary base), 

GNP(t, monetary base), PPP(t, monetary base) and the discrete-time waves 

of GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary base), 

PPP(t, monetary base) in the Ledenyov classic and quantum econodynamics. 

 
Fig. 71. Economic activity vector (EAV), defined by phase angle α in XY 

coordinates space, for dependences of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) in economy 

of scale and scope. GDPr(t, monetary base) is negative projection of EAV on 

scale of real economic sector in XY coordinates space. GDPs(t, monetary 

base) is negative projection of EAV on scale of speculative economic sector 

in XY coordinates space. EAV changes in time scale similar to continuous-

/discrete- time wave with rotating polarization in Ledenyov classic and 

quantum econodynamics. 
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Fig. 72 depicts graphically the proposed Ledenyov three dimensional 

(3D) wave diagram in the macroeconomics science, which can be used to 

accurately characterize and finely display the GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) dependences 

changes dynamics in the time domain in the two possible cases: the 

continuous-time waves of GIP(t, monetary base), GDP(t, monetary base), 

GNP(t, monetary base), PPP(t, monetary base) and the discrete-time waves 

of GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary base), 

PPP(t, monetary base) in the Ledenyov classic and quantum econodynamics. 

 

 
Fig. 72. Economic activity vector (EAV), defined by phase angle α in XY 

coordinates space, for dependences of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) in economy 

of scale and scope. GDPr(t, monetary base) is negative projection of EAV on 

scale of real economic sector in XY coordinates space. GDPs(t, monetary 

base) is positive projection of EAV on scale of speculative economic sector 

in XY coordinates space. EAV changes in time scale similar to continuous-

/discrete- time wave with rotating polarization in Ledenyov classic and 

quantum econodynamics. 
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Going to the next point, let us make a few important scientific 

comments on the special features and the main differences between the 

continuous-time waves of GIP(t, monetary base), GDP(t, monetary base), 

GNP(t, monetary base), PPP(t, monetary base) and the discrete-time waves 

of GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary base), 

PPP(t, monetary base) at the Ledenyov 3D wave diagrams: 

1. The continuous-time wave of GIP(t, monetary base), GDP(t, 

monetary base), GNP(t, monetary base), PPP(t, monetary base) changes its 

amplitude / frequency / wavelength / period / phase / polarization 

continuously in the time domain. Therefore, in this case, we assume that the 

continuous-time wave of GIP(t, monetary base), GDP(t, monetary base), 

GNP(t, monetary base), PPP(t, monetary base) can be modulated by the 

continuous-time economical, financial, political and social events in 

agreement with the old philosophical scientific views in the macroeconomics. 

2. The discrete-time wave of GIP(t, monetary base), GDP(t, monetary 

base), GNP(t, monetary base), PPP(t, monetary base) changes its amplitude / 

frequency / wavelength / period / phase / polarization discretely in the time 

domain. Therefore, in this case we permit that the discrete-time wave of 

GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary base), 

PPP(t, monetary base) can be modulated by the discrete-time economical, 

financial, political and social events such as the disruptive innovations in the 

economies of scales and scopes in the time domain in Ledenyov D O, 

Ledenyov V O (2013c, 2015d, 2015e), Christensen, Denning (December 

2015). 

Let us summarize all the ideas by emphasizing that we considered a 

research problem on the precise measurement of the macroeconomic 

variables changes in the time domain in the macroeconomics science. We 

propose to use the Ledenyov three dimensional (3D) wave diagram in the 

macroeconomics science for the first time, aiming to accurately characterize 

and to clearly visualize the GIP(t, monetary base), GDP(t, monetary base), 

GNP(t, monetary base), PPP(t, monetary base) dependences changes in the 

time domain. We explain that the Ledenyov three dimensional (3D) wave 

diagram in the modern macroeconomics science has been created, using 

some limited analogy with the theory on the continuous-time waves with the 
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rotating polarization vector in the electrodynamics science. We show that the 

Ledenyov three dimensional (3D) wave diagram in the macroeconomics 

science can be used to accurately characterize and finely display the GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, 

monetary base) dependences changes in the time domain in the two possible 

cases: the continuous-time waves of GIP(t, monetary base), GDP(t, monetary 

base), GNP(t, monetary base), PPP(t, monetary base) and the discrete-time 

waves of GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary 

base), PPP(t, monetary base). Thus, an introduction of the Ledenyov three 

dimensional (3D) wave diagram in the Ledenyov econodynamics and the 

modern macroeconomics sciences can help to solve a challenging research 

problem on the precise measurement of the macroeconomic variables in the 

time domain. 

Well, at this point in our research, we can definitely say that the GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, 

monetary base) periodic oscillations in the amplitude, frequency, phase and 

time domains result in an origination of the business cycles in the economy 

of scale and the scope. Also, we can assume that, having an exact 

information about the business cycles fluctuation dynamics, it would be quite 

possible for us to make the accurate predictions on the GIP(t, monetary base), 

GDP(t, monetary base), GNP(t, monetary base), PPP(t, monetary base) 

changes dynamics in various time perspectives. However, the GIP(t, 

monetary base), GDP(t, monetary base), GNP(t, monetary base), PPP(t, 

monetary base) changes dynamics forecast is not a simple scientific problem 

to solve, and most frequently, it is a real challenge for the researchers to be 

able to accurately characterize the business cycles in the economy of scale 

and the scope in the short/long time periods. Having the technical capabilities 

to obtain the Ledenyov 3D wave diagram for the economy of the scale and 

scope in the real-time domain, we can evaluate precisely the state of matters 

in the economy of scale and scope in the time domain and to forecast 

accurately the possible developments in the economy of scale and scope in 

the time domain. In other words, once again, an introduction of the Ledenyov 

three dimensional (3D) wave diagram in the Ledenyov classic and quantum 

econodynamics and the modern macroeconomics sciences makes it possible 
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to solve a challenging research problem on the precise measurement of the 

macroeconomic variables changes in the time domain. 

In next Chapter 8, we will discuss the problem on the accurate forecast 

of the economic and financial trends with the business cycles oscillation 

dynamics analysis in the economy of the scale and the scope at the certain 

monetary base over the selected time period in the Ledenyov classic and 

quantum econodynamics. 
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CHAPTER 8 

 

Accurate forecast of economic and financial trends with 

business cycles oscillation dynamics analysis in economy of 

scale and scope in classic and quantum econodynamics 

 

The economic output magnitude in the economy of the scale and the 

scope at the certain monetary base over the time has an oscillating nature, 

because the economic macro-, micro-, nano- variables have the tendencies to 

change their values dependently/ periodically / chaotically in the economy of 

the scale and the scope at the certain monetary base over the time. It means 

that the economic indicators such as the General Information Product GIP(t, 

monetary base), Gross Domestic Product GDP(t, monetary base), Gross 

National Product GNP(t, monetary base), Purchasing Power Parity PPP(t, 

monetary base) may change sharply/abruptly/instantly in the economy of the 

scale and the scope at the certain monetary base over the selected time 

period. In addition, we can evidently say that the General Information 

Product GIP(t, monetary base), Gross Domestic Product GDP(t, monetary 

base), Gross National Product GNP(t, monetary base), Purchasing Power 

Parity PPP(t, monetary base) dependencies can only be measured with a 

certain degree of accuracy in the economy of the scale and the scope at the 

certain monetary base in the amplitude/frequency/phase/time domains in 

agreement with the Ledenyov classic / quantum econodynamics sciences. 

As we know, in the political economy, there are multiple economic 

agents, which operate and create the new wealth during the wealth synthesis 

process in the real and/or speculative sectors in the economy of the scale and 

the scope at the certain monetary bases over the time. Basically, the wealth 

creation process includes the three essential components and takes some 

time period for its realization: 1) The matter; 2) The labor; 3)The capital. 

As we can see the financial capital is an essential part in the wealth 

synthesis process in the economy of the scale and the scope at the certain 

monetary bases over the time. The financial capital can be created, collected, 

accumulated, stored, used, and most importantly, increased by means of the 
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investment process. In other words, the financial capital must be invested by 

the financial capital investors with an ultimate goal to gain an increased 

return premium on the invested financial capital during the certain period of 

time toward the financial/economic private/public prosperity building. 

Applying the computer science terminology, let us define the 

investment process in the form of the Ledenyov hypothetical three layers 

investment process protocols stack in finances: 

1. The investment products, which utilize the financial capital; 

2. The investment vehicles, which invest the financial capital; 

3. The investment mediums, which make the financial capital ecosystem. 

 Fig. 73 shows the Ledenyov hypothetical investment process protocols 

stack for the financial capital investment in the capital markets in the 

economies of the scales and the scopes over the short / long time periods. 

 
 

Fig. 73. Investment process essentials: 1) Investment products, 2) investment 

vehicles, 3) investment mediums in Ledenyov hypothetical three layers 

investment process protocols stack in finances. 
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At this point in our discussion, we can notice that the two most 

frequently solved economic problems by the investors / the businessmen in 

the capital markets in the economies of the scales and the scopes are: 

1. The problem on the financial capital investment opportunities finding 

by the private/institutional/corporate investors, aiming to derive a high 

return premium on the invested financial capital in the capital markets 

in the short / long time periods; 

2. The problem on the financial capital borrowing opportunities search by 

the private/institutional/corporate borrowers, aiming to get a low 

interest rate on the borrowed financial capital in the capital markets in 

the short / long time periods. 

Let us discuss the above two fundamental problems, keeping in mind 

the fact that any reasonably accurate prediction towards the investment 

opportunities appearance in the course of the economic and financial trends 

evolutions can be made by using the business cycles oscillation dynamics 

analysis in the economies of the scales and the scopes in the short and long 

time periods in agreement with in the Ledenyov classic and quantum 

econodynamics sciences. 

 We would like to continue with a challenging problem on the financial 

capital investment opportunities finding by the private/institutional investors, 

aiming to derive a high return premium on the invested capital in the capital 

markets in the short / long time periods with the purpose to make the extra 

money and increase the accumulated wealth. In this connection, let us 

imagine the Ledenyov hypothetical investment portfolio with the randomly 

diversified uncorrelated investment products, the investment vehicles, and 

the investment mediums in Ledenyov V O, Ledenyov D O (2017): 

1. The investment products: the land, real estate, commodity, bond, 

company stock, company common/executive/preferred stock option, 

financial security, foreign currency, intellectual property, antiquaries, 

ancient/modern collectable art pieces, Swiss valuable time pieces; 

2. The investment vehicles: the investment bank, investment fund, hedge 

fund, mutual fund, venture capital fund, angel investor, investment 

boutique, auction house; 
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3. The investment mediums: the land exchange, real estate exchange, 

stock exchange, foreign currencies exchange, financial securities 

exchange, commodities exchange, precious metals exchange, 

intellectual property exchange, auction exchange. 

 Let us explain that a main characteristic distinction by the Ledenyov 

hypothetical investment portfolio from many other investment portfolios is in 

concluded in the fact that the Ledenyov hypothetical investment portfolio 

includes the randomly diversified uncorrelated selected investment products, 

the investment vehicles, and the investment mediums. 

Fig. 74 displays a Ledenyov hypothetical investment capital portfolio 

with the diversified uncorrelated investment products, the investment 

vehicles and the investment mediums for the financial capital investment in 

the capital markets in the economies of the scales and the scopes in the short 

and long time periods. 

 
Fig. 74. Ledenyov hypothetical investment capital portfolio with diversified 

uncorrelated investment products, investment vehicles and investment 

mediums for financial capital investment in capital markets in economies of 

scales and scopes in short and long time periods. 

 In the real life investment scenarious in the finances, a Ledenyov 

modern investment capital portfolio is usually made of a big number of the 

investment capital portfolios with the diversified uncorrelated investment 

products, investment vehicles and investment mediums for the financial 

capital investment in the capital markets in the economies of the scales and 

the scopes in the short / long time periods. A main reason for a rising 

complexity in the structure of the Ledenyov modern investment capital 

portfolio is associated with a natural interest by the portfolio managers/the 
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seasoned investors to minimize the total risk by decreasing the level of 

possible statistical distributions correlations between the investment 

products, the investment vehicles and the investment mediums in the case of 

the financial capital investment in the capital markets in the economies of the 

scales and the scopes in the short and/or long time periods. 

Fig. 75 shows a modern investment capital portfolio made of a big 

number of the investment capital portfolios with the diversified investment 

products, investment vehicles and investment mediums for the financial 

capital investment in the capital markets in the economies of the scales and 

the scopes in the short and long time periods. 

 
Fig. 75. Ledenyov modern investment capital portfolio made of big number 

of investment capital portfolios with diversified uncorrelated investment 

products, investment vehicles and investment mediums for financial capital 

investment in capital markets in economies of scales and scopes in short and 

long time periods. 

Now, considering the modern investment theories and practices, let us 

highlight the main characteristics of the Ledenyov modern investment 

portfolio, advancing our initial representation to a qualitatively new level: 
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1. The Ledenyov modern investment portfolio has the layered structure, 

including the three basic layers: the investment products, the 

investment vehicles, the investment mediums; 

2. The Ledenyov modern investment portfolio can be made of a big 

number of the investment portfolios with the diversified investment 

products, the investment vehicles and the investment mediums; 

3. The Ledenyov modern investment portfolio with the diversified 

investment products, the investment vehicles and the investment 

mediums is created by having in mind an idea on the financial and 

economic risks optimization, minimization, and possible exception; 

4. The Ledenyov quantum winning virtuous investment strategies with 

the Ledenyov quantum winning virtuous strategy search (LQWVSS) 

algorithm must be created and executed to get an increased return 

premium during the financial capital investment by means of the 

Ledenyov modern investment portfolios with the optimized designs in 

the capital markets in the economies of the scales and the scopes in the 

short and long time periods in Ledenyov V O, Ledenyov D O (2017); 

5. The Ledenyov quantum winning virtuous investment strategies in the 

capital markets within the economies of the scales and the scopes can 

be multidimensional: 

a) in terms of the investment products, vehicles, mediums dimensions, 

b) in terms of the investment scales, spaces, dimensions, 

c) in terms of the investment strategies execution vectors direction, 

including the sequential, parallel, recursive, non-recursive, mixed 

execution vector directions dimensions, 

d) in terms of the investment decision making inductive, deductive, 

abductive, quantum (probabilistic) logics dimensions, 

e) in terms of the investment agility, stability, predictability factors 

dimensions. 

6. The roboadviser(s) with the artificial intelligence (AI) can be used to 

make the near-real time investment decisions during the algorithmic 

investment/trading in the capital markets in the economies of the 

scales and the scopes in the short and long time periods; 
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7. The roboadviser(s) with the algorithmic investment/trading technical 

capabilities may have the unique technical characteristics to create and 

execute the different versatile non-uniform quantum winning virtuous 

investment strategies instead of the simple primitive investment 

strategies in the capital markets in the economies of the scales and the 

scopes in the short and long time periods; 

8. The roboadviser(s) can create and execute the quantum winning 

virtuous investment strategies during the algorithmic 

investment/trading in the capital markets in the economies of the 

scales and the scopes in the short and long time at the ultra high 

frequencies (UHF). 

9. The roboadviser(s) can get an access to the big data streams with the 

information on the capital markets during the algorithmic trading in 

the capital markets in the economies of the scales and the scopes in the 

short and long time at the ultra high frequencies (UHF). 

Providing some illustrations on the Ledenyov modern investment 

capital portfolio management practices, let us say that a computer 

roboadviser normally makes the automated trading decisions on the financial 

capital investment in the capital markets at the ultra high frequencies, using 

the following things: 

1. A set of the recursive trading decision making algorithms; 

2. A number of the multiple relational databases with the accumulated 

trading patterns; 

3. A number of the real-time high-speed filtered financial data streams. 

Therefore, we my assume that a modern computer roboadviser with 

the artificial intelligence (AI) capabilities can efficiently manage the modern 

investment portfolio, which is made of a big number of the investment 

portfolios with the diversified investment products, the investment vehicles 

and the investment mediums for the financial capital investment in the capital 

markets in the economies of the scales and the scopes in the short and long 

time periods. The artificial intelligence (AI) principles and techniques were 

comprehensively researched in Turing (October 1950), Rich (1983), Winston 

(1984), Haugeland (1985), Edelson (1991), Jang (July 1991), Sun, Bookman 

(1994), John, Langley (1995), Dowe, Hajek (1997), Kohavi (1997), Mitchell 
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(1997), Nilsson (1998, 2010), Poole, Mackworth, Goebel (1998), Calmet, 

Benhamou, Caprotti, Henocque, Sorge (2002), Russell, Norvig (2003), 

Luger, Stubblefield (2004), McNelis (2005), Bach (2008), Neapolitan, Jiang 

(2012). 

Fig. 76 depicts a block scheme of a computer roboadviser with the 

artificial intelligence (AI) capabilities for the modern investment portfolio 

management in the capital markets in the economies of the scales and the 

scopes at certain monetary base in the short / long time periods. 

 
Fig. 76. Block scheme of computer roboadviser with artificial intelligence 

(AI) capabilities for modern investment portfolio management in capital 

markets in nonlinear diffusion type economy of scale and scope at short / 

long time periods in finances. 

The Ledenyov modern investment portfolio’s total risk calculation 

with an account for the macro-, micro- and nano- economic risks, generated 

by the investment products, investment vehicles and investment mediums 

during a process of the modern investment portfolio management in the 

capital markets in the economies of the scales and the scopes at the certain 

monetary base in the short / long time periods in the Ledenyov classic and 

quantum econodynamics sciences can certainly be considered as one of the 
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most important tasks by a computer roboadviser. Therefore, let us draw an 

approximate block scheme to compute the modern investment portfolio’s 

total risk magnitude below. 

Fig. 77 shows a block scheme for the investment portfolio’s total risk 

calculation with an account for the macro-, micro- and nano- economic risks 

by the investment products, investment vehicles and investment mediums in 

the capital markets in the nonlinear diffusion type economy of the scale and 

the scope in the finances. 

 
Fig. 77. Algorithm in form of block scheme for investment portfolio’s total 

risk calculation with account for macro-, micro- and nano- economic risks by 

investment products, investment vehicles and investment mediums in capital 

markets in nonlinear diffusion type economy of scale and scope in finances. 

Let us slightly modify the above block scheme, designing the 

Ledenyov high complexity watch’s dial for the investment portfolio’s total 

risk calculation with an account for the macro-, micro- and nano- economic 

risks by the investment products, investment vehicles and investment 

mediums in the diffusion type nonlinear financial system in the economy of 
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the scale and the scope. This modification can help us to better memorize all 

the important research findings in the course of our research discussion. 

Fig. 78 shows the Swiss high complexity watch’s dial for the 

investment portfolio’s total risk calculation with an account for the macro-, 

micro- and nano- economic risks by the investment products, investment 

vehicles and investment mediums in the capital markets in the nonlinear 

diffusion type economy of the scale and the scope in the finances. 

 
Fig. 78. Ledenyov high complexity automatic radial watch’s dial for 

investment portfolio’s total risk calculation with account for macro-, micro- 

and nano- economic risks by investment products, investment vehicles and 

investment mediums in capital markets in nonlinear diffusion type economy 

of scale and scope in finances. 

The modern borrowing portfolio’s total risk magnitude with an 

account for the macro-, micro- and nano- economic risks, generated by the 

borrowing products, borrowing vehicles and borrowing mediums during a 

process of the modern borrowing portfolio management in the capital 

markets in the economies of the scales and the scopes at the certain monetary 

base in the short / long time periods in the Ledenyov classic and quantum 
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econodynamics sciences can also be calculated by taking to an account the 

appropriate risk factors. The block scheme to compute the modern borrowing 

portfolio’s total risk magnitude is shown below. 

Fig. 79 shows a block scheme for the borrowing portfolio’s total risk 

calculation with an account for the macro-, micro- and nano- economic risks 

by the borrowing products, borrowing vehicles and borrowing mediums in 

the capital markets in the nonlinear diffusion type economy of the scale and 

the scope in the finances. 

 
Fig. 79. Algorithm in form of block scheme for borrowing portfolio’s total 

risk calculation with account for macro-, micro- and nano- economic risks by 

borrowing products, borrowing vehicles and borrowing mediums in capital 

markets in nonlinear diffusion type economy of scale and scope in finances. 

We can design the Ledenyov high complexity watch’s dial for the 

borrowing portfolio’s total risk calculation with an account for the macro-, 

micro- and nano- economic risks by the borrowing products, borrowing 

vehicles and borrowing mediums during a process of the modern borrowing 

portfolio management in the capital markets in the economies of the scales 
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and the scopes at the certain monetary base in the short / long time periods in 

the Ledenyov classic and quantum econodynamics sciences. 

 Fig. 80 displays the Ledenyov high complexity automatic watch’s dial 

for the borrowing portfolio’s total risk calculation with an account for the 

macro-, micro- and nano- economic risks by the borrowing products, 

borrowing vehicles and borrowing mediums in the capital markets in the 

nonlinear diffusion type economy of the scale and the scope in the finances. 

 
Fig. 80. Ledenyov high complexity automatic rectangular watch’s dial for 

borrowing portfolio’s total risk calculation with account for macro-, micro- 

and nano- economic risks by borrowing products, borrowing vehicles and 

borrowing mediums in capital markets in nonlinear diffusion type economy 

of scale and scope in finances. 

 

Now let us explain that the investors intent to increase the wealth 

during the wealth management process with an application of the modern 

investment portfolio in the capital markets in the economies of the scales and 

the scopes in the short / long time periods. Therefore, the investors prefer to 

use the sophisticated theories, including the modern portfolio theory (MPT) 
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to reach their investment goals, namely to select the diversified uncorrelated 

tangible / intangible assets for a modern investment portfolio in the capital 

markets in the nonlinear diffusion type economy of scale and scope over the 

short / long time periods in finances. 

Let us define the weighted expected return of a portfolio Rp as in 

Mitra (2009) 

 

 

 

then the portfolio’s variance          can be written as 

 

 

 

where 

• N is the number of assets in a portfolio; 

• i, j are the asset indices and                               ; 

• wi is the asset weight, subject to the constraints: 

 

 

 

 

• σij is the covariance of asset i with asset j; 

• μi is the expected return for asset i. 

Let us explain that the expected return premium in agreement with the 

Capital Asset Pricing Model (CAPM) theory can be written as in Sharpe 

(1965, 1966, 1968, 1992, 1994), Sharpe, Alexander, Bailey (1999), Lintner 

(1965), Mossin (1966), Engle (2003, 2006), Fama, French (2004), Capocci, 

Hubner (2004), Mitra (2009), Kantarelis (2017): 

 

 

 

where: 

• Ra is the expected return of an asset; 

• Rf is the risk-free rate of return; 
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• Rm is the expected market return; 

• ϵ is the error term; 

•                is the systematic risk with respect to the tangency portfolio ; 

• σam is the market and asset’s covariance; 

• σmm is the market’s variance. 

The Sharpe ratio attempts to provide the portfolio risk measure in 

terms of the quality of the portfolio’s return at its given level of risk. The 

Sharpe ratio is a return-to-risk measure in the frames of the Capital Asset 

Pricing Model (CAPM) theory in Sharpe (1966), Mitra (2009), Kantarelis 

(2017): 

 

 

 

where σp is the portfolio return’s standard deviation. 

 Let us illustrate the Markowitz efficient frontier theoretical conception 

in the wealth management process with the modern investment/borrowing 

portfolio in the capital markets in the economies of the scales and the scopes 

at the certain monetary base in the short / long time periods, which was 

proposed with the aim to show how to minimize the known risks by selecting 

the diversified uncorrelated tangible / intangible investment assets in 

Markowitz (1952, 1956, 1959, 1987) and it was further researched in 

Shiryaev (1998a, b), Hull (2005-2006, 2010, 2012), Demidova-Menzel; 

Heidorn (August 2007), Mitra (2009), Hassine, Roncalli (2013), Ledenyov D 

O, Ledenyov V O (2013a), Kantarelis (2017). 

 Fig. 81 shows the Markowitz efficient frontier, which is constructed 

graphically to select the diversified uncorrelated tangible / intangible assets 

for the modern investment portfolio in the capital markets in the nonlinear 

diffusion type economy of scale and scope over the short / long time periods 

in the frames of the Capital Asset Pricing Model (CAPM) theory within the 

Modern Portfolio Theory (MPT) in the finances. The financial capital 

investment at the wealth management process includes the following stages: 

1. The Markowitz efficient frontier graphical construction; 

2. The highest Sharpe ratio portfolio finding; 
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3. The wealth investment between the highest Sharpe ratio portfolio point 

and the risk free lending/borrowing point with a certain acceptable risk 

tolerance level in mind. 

 

 
Fig. 81. Markowitz efficient frontier to select diversified uncorrelated 

tangible / intangible assets for modern investment portfolio in capital markets 

in nonlinear diffusion type economy of scale and scope over short / long time 

periods in agreement with Capital Asset Pricing Model (CAPM) theory 

within Modern Portfolio Theory (MPT) in finances. 

 

 Therefore, we can come to a logical thought that the seasoned 

investors must attempt to predict the new investment risks in the capital 

markets in the economies of the scales and the scopes in the short / long time 

periods in order to make the optimal investment decisions and to get an 

increased return premium on the invested financial capital in the capital 

markets. An analysis of the business cycle oscillation dynamics by the 

experienced investors is a good starting point in making of the future 

forecasts on the financial / the economic market behaviour. 
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 In this connection, let us consider a challenging problem on the 

accurate forecast of the economic / the financial trends with the business 

cycles oscillation dynamics analysis, aiming to derive the most optimal 

solutions for the wealth management problem in the case, when the wealth is 

managed with an application of the modern investment portfolio in the 

capital markets in the economies of the scales and the scopes in the short / 

long time periods. 

 One of the well known forecast techniques is based on an application 

of the Hodrick-Preskot (HP) differential filter in Hodrick, Prescott (1980, 

1997) to a massive of the statistical data, describing the change of the 

economic output in the economy of the scale and the scope over the selected 

time period time. The filtered CW signal can be used with the purpose to 

make the short/long time term economic output change forecasts, which have 

limited accuracy in Hodrick, Prescott (1980, 1997) 

( ) ( ) ( )
1

22

1 1 2
1 2

,

;

;

;

min .

t t t t

t

t

t

T T

t t t t t t

t t

y c

where is the trend component

c is the cyclical component

is the error component

y
−

− − −τ
= =

= τ + + ∈

τ

∈

 − τ + λ τ − τ − τ − τ    
∑ ∑

 

 The slightly outdated prediction technique, which is based on the 

Hodrick-Prescott (HP) differential filter in Hodrick, Prescott (1980, 1997), 

includes the following main research stages: 

1. to filter out the continuous-time economic output wave in the economy 

of the scale and the scope over the past and present time periods in 

Hodrick, Prescott (1980, 1997); 

2. to analyze the continuous-time economic output wave oscillation 

dynamics in the economy of the scale and the scope over the past and 

present time periods; 

3. to model the forecast horizon by shifting the window with the business 

cycle of the continuous-time economic output wave toward its 

propagation trend in the economy of the scale and the scope in the 

future time periods. 
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 Let us demonstrate graphically the filtering of the continuous-time 

economic output wave in economy of scale and scope in past and present 

time periods by applying the Hodrick-Prescott (HP) differential filter in 

Hodrick, Prescott (1980, 1997), Federal Reserve Bank of St Louis (2012), 

Matlab (2012). 

 Fig. 82 depicts the filtering of the continuous-time economic output 

wave in economy of scale and scope in past and present time periods by 

applying Hodrick-Preskot (HP) differential filter in Hodrick, Prescott (1980, 

1997), Federal Reserve Bank of St Louis (2012), Matlab (2012). 

 
Fig. 82. Filtering of continuous-time economic output wave by applying 

Hodrick-Prescott (HP) differential filter in economy of scale and scope in 

past and present time periods. 

 Let us make a modeling of the forecast horizon for the continuous-time 

economic output wave oscillation dynamics in the economy of the scale and 

the scope in the forthcoming time periods. The detailed description of the 

used techniques to make assumptions on the continuous-time economic 

output wave oscillation dynamics in economy of the scale and scope in the 

forthcoming time periods can be found in Purica, Caraiani (2009). 
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 Fig. 83 shows the long time term economic output change forecast 

technique with the forecast horizon modeling for the continuous-time 

economic output wave in the economy of the scale and the scope in the future 

time periods. 

 
 

Fig. 83. Long time term economic output change forecast technique with 

forecast horizon modeling for continuous-time economic output wave in 

economy of scale and scope in future time periods. 

 

 Now, we would like to explain that our innovative approach to solve a 

an accurate forecast of the economic and financial trends with the business 

cycles oscillation dynamics analysis allows a seasoned investor to find the 

most optimal solutions for the wealth management problem in the case, when 

the wealth is managed with an application of the Ledenyov modern 

investment portfolio in the capital markets in the economies of the scales and 

the scopes at the certain monetary base in the short / long time periods in 

agreement with the Ledenyov classic and quantum econodynamics sciences. 
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 Let us make our abstract theoretical conception tangible by explaining 

an essence of our research approach to solve the forecast problem by 

applying the Bayesian filtering such as the Stratanovich-Kalman-Bucy filter 

with the Stratanovich-Kalman-Bucy filtering algorithm to make the 

assumptions on the discrete-time digital economic output wave oscillation 

dynamics in the economies of the scales and the scopes at the certain 

monetary base in the short time periods in agreement with the Ledenyov 

classic and quantum econodynamics sciences.  As we know the Stratonovich 

– Kalman - Bucy filters with the embedded Stratonovich – Kalman - Bucy 

filtering algorithm in the frames of the Stratonovich optimal non-linear 

filtering theory in the electronics engineering were researched in 

Mandel’shtam (1948-1955), Wiener (1949), Bode, Shannon (1950), Zadeh, 

Ragazzini (1950), Booton (1952), Davis (1952), Bartlett (1954), Doob 

(1955), Franklin (1955), Pugachev (1956a, b), Solodovnikov, Batkov (1956), 

Laning, Battin (1956), Lees (1956), Newton, Gould, Kaiser (1957), Tukey 

(1957), Rytov (1957), Bellman, Glicksberg, Gross (1958), Blum (1958), 

Darlington (1958), Davenport, Root (1958), Sherman (1958), Shinbrot 

(1958), Smith (1958), Merriam (1959), Stratonovich (1959a, b, 1960a, b), 

Kalman, Koepcke (1958, 1959), Kalman, Bertram (1958, 1959), Kalman 

(1960a, b, 1963), Kalman, Bucy (1961), US Air Forces Office of Scientific 

Research (1960 – 2013), Friedman (1962), Kushner (1967, 2000), Bryson, 

Ho (1969), Bucy, Joseph (1970), Jazwinski (1970), Sorenson (1970), Wright-

Patterson Air Forces Base (1970 – 2013), Chow, Lin (1971, 1976), Maybeck 

(1972, 1974, 1990), Willner (1973), Leondes, Pearson (1973), Akaike 

(1974), Dempster, Laird, Rubin (1977), Griffiths (1977), Schwarz (1978), 

Falconer, Ljung (1978), Anderson, Moore (1979), Bozic (1979), Priestley 

(1981), Lewis (1986), Proakis, Manolakis (1988), Caines (1988), de Jong 

(1988, 1989, 1991), de Jong, Chu-Chun-Lin (1994), Bar-Shalom, Maybeck 

(1990), Franklin, Powell, Workman (1990), Brockwell, Davis (1991), Jang 

(1991), Brown, Hwang (1992, 1997), Xiao-Rong Li (1993), Gordon, 

Salmond, Smith (1993), Farhmeir, Tutz (1994), Grimble (1994), Lee, Ricker 

(1994), Ricker, Lee (1995), Fuller (1996), Hayes (1996), Haykin (1996), 

Golub, van Loan (1996), Schwaller, Parnisari (1997), Julier, Uhlmann 

(1997), Babbs, Nowman (1999), Ljung (1999), Wanhammar (1999), Ito, 
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Xiong (2000), Kushner, Budhiraja (2000), Welch, Bishop (2001), Haykin 

(editor) (2001), Arulampalam, Maskell, Gordon, Clapp (2002), Doucet, 

Tadic (2003), Litvin, Konrad, Karl (2003), de Jong, Penzer (2004), Ristic, 

Arulampalam, Gordon (2004), van Willigenburg, De Koning (2004), Voss, 

Timmer, Kurths (2004), Cappé, Moulines (2005), Capp´e, Moulines, Ryd´en 

(2005), Poyiadjis, Doucet, Singh (2005a, b), Misra, Enge (2006), Frühwirth-

Schnatter (2006), Gamerman, Lopes (2006), Rajamani (2007), Olsson, 

Cappé, Douc, Moulines (2008), Rajamani, Rawlings (2009), Francke, 

Koopman, de Vos (2010), Xia, Tong (2011), Matisko, Havlena (2012), 

Durbin, Koopman (2012), Ledenyov D O, Ledenyov V O (2013g).  It may 

also be interesting to note that the Stratonovich – Kalman - Bucy filters with 

the embedded Stratonovich – Kalman - Bucy filtering algorithm within the 

Stratonovich optimal non-linear filtering theory in the finances were 

researched in Athans (1974), Fernandez (1981), Geweke, Singleton (1981), 

Litterman (1983), Meinhold, Singpurwalla (1983), Engle, Watson (1983), 

Harvey, Pierse (1984), Harvey (1989), Engle, Lilien, Watson (1985), de Jong 

(1991), Doran (1992), Tanizaki (1993), Bomhoff (1994), Venegas, de Alba, 

Ordorica (1995), Roncalli (1996), Roncalli, Weisang (2008), Wells (1996), 

Hodrick, Prescott (1997), Krelle (1997), Pitt, Shephard (1999), Cuche, Hess 

(2000), Durbin, Koopman (2000), Javaheri, Lautier, Galli (2002), Morley, 

Nelson, Zivot (2002), Bahmani, Brown (2004), Broto, Ruiz (2004), 

Fernàndez-Villaverde, Primiceri (2005), Fernàndez-Villaverde, Rubio-

Ramirez (2005, 2007), Fernàndez-Villaverde (2010), Ozbek, Ozale (2005), 

Proietti (2006, 2008), Luati, Proietti (2010), Proietti, Luati (2012a, b), Ochoa 

(2006), Horváth (2006), Cardamone (2006), Pasricha (2006), Bignasca, Rossi 

(2007), Dramani, Laye (2007), Paschke, Prokopczuk (2007), Andreasen 

(2008), Osman, Louis, Balli (2008), Gonzalez-Astudillo (2009), Bationo, 

Hounkpodote (2009), Mapa, Sandoval, Yap (2009), Chang, Miller, Park 

(2009), Theoret, Racicot (2010), Winschel, Kratzig (2010), Lai, Te (2011), 

Jungbacker, Koopman, van der Wel (2011), Moghaddam, Haleh, 

Ebrahimijam (2011), Creal (2012), Darvas, Varga (2012), Hang Qian (2012), 

Ledenyov D O, Ledenyov V O (2013g). 

 We developed the Ledenyov short / long time period economic output 

change forecast techniques to make the assumptions on the discrete-time 
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digital economic output wave oscillation dynamics in the economies of the 

scales and the scopes at the certain monetary base in the short time periods in 

agreement with the Ledenyov classic and quantum econodynamics sciences: 

1. The Ledenyov short time term economic output change forecast 

technique has the following stages (see also Chunyang Bai (2016)): 

1) to analyze an immediate past state of the discrete-time digital 

economic output wave oscillation dynamics in the economy of 

the scale and the scope before the present time moment, using 

the Stratanovich-Kalman-Bucy filter; 

2) to analyze a present state of the discrete-time digital economic 

output wave oscillation dynamics in the economy of the scale 

and the scope at the present time moment, applying the 

Stratanovich-Kalman-Bucy filter; 

3) to model a future state of the Ledenyov discrete-time digital 

economic output wave in the economy of the scale and the 

scope in the forthcoming short time period, employing the 

Stratanovich-Kalman-Bucy filter. 

2. The Ledenyov long time term economic output change forecast 

technique includes the following stages: 

1) to filter out the Ledenyov discrete-time digital economic output 

wave in the economy of the scale and the scope over the past 

and present time periods, using the complex digital filters; 

2) to analyze the Ledenyov discrete-time digital economic output 

wave oscillation dynamics in the economy of the scale and the 

scope over the past and present time periods, applying the 

complex digital filters; 

3) to model the forecast horizon by shifting the window with the 

business cycle of the Ledenyov discrete-time digital economic 

output wave toward its propagation trend in the economy of the 

scale and the scope in the future long time periods. 

 Now, let us graphically demonstrate the Ledenyov long time term 

economic output change forecast technique with the forecast horizon 

modeling for the Ledenyov discrete-time digital economic output wave in the 

economy of the scale and the scope in the future time periods. 
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 Fig. 84 displays the Ledenyov long time term economic output change 

forecast technique with the forecast horizon modeling for the Ledenyov 

discrete-time digital economic output wave in the economy of the scale and 

the scope in the future long time periods. 

 
Fig. 84. Ledenyov long time term economic output change forecast technique 

with forecast horizon modeling for Ledenyov discrete-time digital economic 

output wave in economy of scale and scope in future long time periods. 

 Finally, let us note that the investment portfolio manager / the 

seasoned investor can design the Ledenyov modern investment portfolio with 

1) the diversified uncorrelated tangible/intangible investment products, 2) 

the investment vehicles and 3) the investment mediums for the financial 

capital investment in the capital markets in the economies of the scales and 

the scopes in the short and long time periods, using the Ledenyov Quantum 

Winning Virtuous Strategy Search (LQWVSS) algorithm with the quantum 

logic theoretical conception in Ledenyov V O, Ledenyov D O (2017). One 

main thing to remember is that the Ledenyov modern investment portfolio 

must be designed keeping in mind the Ledenyov investment portfolio 

stability theorem in Ledenyov V O, Ledenyov D O (2017). 



 

177 

 

 Now, let us summarize the most significant research contributions on 

the investment products for the financial capital investment in the capital 

markets made by talented scientists up to this date. 

 The land as an investment product was researched in Ricardo (1817, 

1821), Denman (1956), Silberberg (1975), Veenman, Zonen (1961), Elvin, 

Ervin (1982), Mills, Hoover (1982), McFarlane (1983), Eaton (December 

1984), Phipps (1984), Kaplan (Winter 1985), Fiske (October 7-8 1986), 

Wiltshaw (1986), Guzhvin (1987), Eaton (1988), Mercier (1988), Reeve 

(1988), Asako, Kuninori, Inoue, Murase (1989), Asako, Kuninori, Inoue, 

Murase (1997), Feder, Onchan (1989), Phillips, Bauer, Mercier, Mumey 

(1989), Phillips, Bauer, Akabua (1993), Roth, Barrows, Carter, Kanel (1989), 

Schnitkey, Taylor, Barry (1989), Barrett (1991), Kanemoto (1991), Lins, 

Hoffman, Kowalski (September 23-24 1991), Yoshida (1991), Butler, 

DeBraal (1993), Miller, Andrews (February 9 - 11 1993), Capozza, Yuming 

Li (1994), Werner (1994), Nieuwoudt (1995), Ogawa, Suzuki (1995), Ogawa 

Kazuo, Shin-Ichi Kitasaka, Hiroshi Yamaoka, Yasuharu Iwata (1996), 

Grepperud (February 1996), Echevarria (1997), Deininger, Feder (2001), 

Kiyotaki, West (2004), Sekine, Tachibana (March 2004), Feinerman, 

Peerlings (2005), Hennings, Sherrick, Barry (2005), Ray (2005), Turnbull 

(2005), Kiyotaki, West (2006), Holden, Deininger, Ghebru (2007), Sekine, 

Tachibana (2007), Głuszak (2008), Von Braun, Meinzen-Dick (April 2009), 

Cotula, Vermeulen, Leonard, Keeley (2009), Cotula (2012), Fakton, van der 

Post (2010), Fischer, Shah (2010), Zoomers (2010), Abdulai, Owusu, Goetz 

(2011), Arezki, Deininger, Selod (December 2011), De Schutter (2011), Hui-

Wen Koo (2011), Palyanychko (2011), Zagema (September 22 2011), Di 

Corato, Hess (September 26-28 2012), Domeher, Abdulai (2012), Van der Kr 

Pasmans, Van der Heijden (2012), Todorovic, Vasiljevic, Rajic (2012), Oya 

(2013), Xianlei Ma, Heerink, van Ierland, van den Berg, Xiaoping Shi 

(2013), Zolin, Luzi (2013), Boehlje, Baker, Langemeier (January 3-5 2014), 
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Malashchuk (2014), Palenychak (2014), Arezki, Deininger, Selod (2015), 

Busha (2015), Szreder (2015), Bochco (2016), Borghesi, Giovannetti, 

Iannucci, Russu (2016). 

 The real estate as an investment product was researched in Grebler 

(1954), Taylor G S, Bailey (1963), Wendt, Wong (December 1965), 

Friedman (December 1970, March 1971), Roulac (1976, 1996), Smith, 

Shulman (September–October 1976), Lusht (1978), Pellatt (1972), Chapman 

Findlay III, Hamilton, Messner, Yormark (September 1979), Ibbotson (Fall 

1979), Ibbotson, Sinquefield (1982), Ibbotson, Siegel (1983, 1984), Ibbotson, 

Siegel, Love (Fall 1985), Penny (1980), Rystrom (1980), Burns, Epley 

(Winter 1982), Miles, Estey (Winter 1982), Miles, McCue (Summer 1982, 

1984), Brueggeman, Chen, Thibodeau (1984), Fogler (1984), Webb (1984), 

Webb, McIntosh (1986), Gau (1985), Gau, Wang (1990), Hartzell, Mengden 

(August 27 1986), Hartzell, Hekman, Miles (Spring 1987), Hartzell, Webb 

(1988), Hartzell, Liu, Kallberg (2004), Kuhle, Walther, Wurtzebach (1986), 

Kuhle (1987), Titman, Warga (Fall 1986), Haight, Fort (1987), Chen, Tzang 

(1988), Chinloy (1988), Firstenberg, Ross, Zisler (1988), Gyourko, 

Linneman (1988), Gyourko, Keim (1992), Hines (March 1988), Lusht 

(1988), Miller, Sklarz, Ordway (1988), Mooney S, Mooney K (1988), 

Wittner (Fall 1988), Geltner (1989), Goebel, Kim (1989), Rubens, Bond, 

Webb (1989), Sweeney (1989, 1993), Chan, Hendershott, Sanders (Winter 

1990), Colwell, Park (September 1990), Giliberto (Summer 1990), 

Goetzmann, Ibbotson (1990), Howe, Shilling (1990), Liu, Hartzell, Grissom, 

Wylie (1990), McMahan (1990), Sagalyn (1990), Wheaton, Torto (1990), 

Asabere, Kleiman, McGowan (1991), Martin, Cook (1991), McIntosh, Liang, 

Tompkins (Spring 1991), Ross, Zisler (1991), Ziobrowski A J, Boyd (1991), 

Ziobrowski A J, Curcio (1991), Ziobrowski A J, Ziobrowski B J (1993), 

Ziobrowski B J, Ziobrowski A J (1995), Ziobrowski A J, McAlum, 

Ziobrowski B J (1996), Ambrose, Ancel, Griffiths (Spring 1992), 
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DiPascuale, Wheaton (1992), Kleiman, Farragher (1992), Liu, Mei (1992), 

Brueggeman, Fisher (1993), Newell, MacFarlane (March 1994), Worzala 

(1994), Worzala, Newel (1997), Zumpano, Elder (1994), Baum (1995, 2009), 

Corgel, McIntosh, Ott (1995), Jun Han, Youguo Liang (1995), Mueller 

(Spring 1995), Barkham, Ward, Henry (1996), Geurts, Jaffe (1996), Han 

(1996), Newell (1996), Newell, Webb (1996), Seck (1996), Solnik (1996), 

Bers, Springer (1997), Brueggeman, Fisher (1997), Farrell (1997), Hoesli, 

MacGregor, Matysiak, Nanthakumaran (1997), Mei, Saunders (1997), 

Redman, Manakyan, Liano (1997), Ball, Lizieri, MacGregor (1998), Chun, 

Shilling (1998), D’Arcy, Keogh (1998), Martens (1998), Svensson (1998), 

Adair, Berry, McGreal, Syacutekora, Ghanbari Parsa, Redding (Spring 

1999), Keogh, D’Arcy (1999), Liao, Mei (1999), Moshirian, Pham (2000), 

Brounen, Cools, Schweizer (Summer 2001), Lee St (2001, 2005, 2006a, b), 

McGreal, Parsa, Keivani (2001), Thrall (2002), Blazenko, Pavlov (2004), 

Deqing Diane Li, Yung (2004), Engelberts, Suarez (2004), Hoskin, Higgins, 

Cardew (Spring 2004), Loo Lee Sim, Xing Quan Zhang, Jieming Zhu (2004), 

Pi-Ying, Lai Peddy (2004), Hardin, Liano, Gow-Cheng Huang (2005), 

Laposa, Lizieri (April 13 – 16 2005), Holsapple, Ozawa, Olienyk (2006), 

Johnson (2006), Lim, McGreal, Webb (2006), Adlington, Grover, Heywood, 

Keith, Munro-Faure, Perrotta (December 6-8 2008), Chan, Hardin, III, Liano, 

Zheng (2008), Lambie-Hanson (Fall 2008), Minye Zhang, Yongheng Deng 

(July 9 2008), Falkenbach (2009), Kurzrock, Rottke, Schiereck (2009), 

Edelstein, Qian, Tsang (2010), Lieser, Groh (2010, July 2011, 2014), Peralta-

Alva (2011), Chaney, Sraer, Thesmar (2012), Baker, Chinloy (editors) 

(September 4 2014, September 8 2014), Cunat, Cvijanovic, Yuan (2014), 

Gauder, Houssard, Orsmond (2014), Anderson, Rottke, Krautz (2015), 

Hazama, Uesugi (October 2015), Maksimov, Bachurinskaya (2015), 

Papastamos, Matysiak, Stevenson (2015). 
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 The commodity as an investment product was researched in Keynes 

(1923, September 1938, 1942, 1980, 1943), Hotelling (1931), Graham 

(1937), Kaldor (1939), Working (February 1948, 1949, 1960), Brennan 

(1958, 1991), Brennan, Schwartz (1985), Sharpe (1964), Sharpe, Alexander, 

Bailey (1995), Telser (1968), Dusak (1973), Lovell, Vogel (1973), Merton 

(1973), Stoll (1979), Stoll, Whaley (2009, 2010), Bodie, Rosansky (May 

June 1980), Breeden (1980), Spraos (March 1980), Newbery, Stiglitz (1981), 

Wright, Williams (1982), Abel (1983), Abel, Blanchard (1986), Abel, 

Mankiw, Summers, Zeckhauser (1989), Abel, Eberly (1994), Bernanke 

(1983), Carter, Rausser, Schmitz (April 1983), Garbade, Silber (1983), 

Edwards, Freebairn (1984), Kanbur (1984), Cox, Rubinstein (1985), Gilbert 

(September 1985, 1996), Jagannathan (1985), Taylor (1985), Fama, French 

(January 1987, December 1988), Hartzmark (1987), Chinloy (1988), 
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Lease, Masulis, Page (1991), LeBaron (1991), Lee Ch M C, Ready (1991), 
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202 

 

Goldstein, Folkerts-Landau, Garber, Rojas-Suarez, Spencer (1993), Griffiths, 

White (1993), Grimes (1993), Harris, Raviv (1993), Klein (1993), Levich, 

Thomas (1993), Matsuyama, Kiyotaki, Matsui (1993), Romer (1993), 
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De Jong, Nijman, Röell (1995, 1996), De Jong, Mahieu, Schotman (1998), 
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(2003), Copejans, Domowitz (1997), DeGennaro, Shrieves (1997), 
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Klueppelberg, Mikosch (1997), Evans (1997, 2001, 2002, 2005, 2009, 2010, 

2011), Evans, Lyons (1999, 2001a, b, c, 2002a, b, c, d, 2003, 2004a, b, 
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Guembel, Sussman (2001), Hong (2001), Lane (2001), Montgomery, Popper 

(2001), Moore, Roche (2001, 2002), Rey (2001), Sato, Hawkins (2001), 
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Mende (2006), Mende, Menkhoff (2006), Müller, Verschoor (2006), 

Norouzzadeh, Rahmani (2006), Pelham (2006), Rodrik (2006), Sager, Taylor 

M P(2006), Starks, Wei (2006), Tabak, Cajueiro (2006), Taylor A, Farstrup 

(2006) Taylor J B (2006), Tesfatsion, Judd (editors) (2006), Wong (2006), 

Adebiyi (2007), Barker (2007), Bhansali (2007), Broz, Frieden, Weymouth 

(2007), Burnside, Eichenbaum, Rebelo (2007, 2009), Burnside (2012), 

Canto, Kräussl (2007), Chi, Tripe, Young (2007), Christodoulou, O’Connor 

(2007), Dreher, Vaubel (2007), DuCharme (2007), Egstrup, Fischer (2007), 

Fleming, Mizrach (2007), Fung, Yu (2007), Genberg, He, Leung (2007a, b), 

Genberg, Hui (2009), Hong Kong Monetary Authority (2007), Jiang, Ma, Cai 

(2007), Leung, Ng (2007, 2008), Mitchell, Pedersen, Pulvino (2007), 

Pasquariello (2007), Sahminan (2007), Scarlat, Stan, Cristescu (2007), Van 

Wincoop, Tille (2007), Wong J, Wong E, Fong, Choi (2007), Wong E, Wong 

J, Leung (2008), Yu, Fung, Tam (2007), Acemoglu, Rogoff, Woodford 

(editors) (2008), Baglioni, Monticini (2008), Barndorff‐Nielsen, Hansen, 

Lunde, Shephard (2008), Bartram (2008), Beaupain, Durré (2008), Berger, 

Chaboud, Chernenko, Howorka, Wright (2008), Brunnermeier, Nagel, 

Pedersen (2008), Burnside (2008), Burnside, Eichenbaum, Kleshchelski, 

Rebelo, Hall L, Hall H (2008), Chinn, Moore (2008, 2011), Gagnon, 

Chaboud (2008), Lam, Fung, Yu (2008), Lien (2008), Lindley (2008), Liu, 

Tsang (2008), Liu, Fung, Tse (2008), Lo, Sapp (2008, 2010), Ramadorai 

(2008), Sebastião (2008), Terada, Higashio, Iwasaki (2008), Adrian, Etula, 

Shin (2009), Bacchetta, Mertens, Van Wincoop (2009), Baba, Packer (2009), 

Brunnermeier, Nagel, Pedersen (2009), Brunnermeier, Crockett, Goodhart, 
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(2009), He, Zhang, Wang (2009), Heath, Whitelaw (2011), McGuire, von 

Peter (2009), Meyers (2009), Müller, Verschoor (2009), Nolte I, Nolte S 

(2009, 2011), Serban (2009), Simwaka, Mkandawire (2009), Breedon, Vitale 

(2010), Breedon, Rime, Vitale (2011), Dunne, Hau, Moore (2010), Fukuda, 

Kon (2010), Liu, Qian, Lu (2010), Maurer, Schäfer (2010), Nightingale, 

Ossolinski, Zurawski (2010), Pasquariello (2010), Yiu, Ho, Ma, Tsang 

(2010), Diamond (2011), Durčáková (2011), Heimer, Simon (2011), Marzo, 

Zagaglia (2011), Moore, Payne (2011), Plantin, Shin (2011), Rafferty (2011), 

Wang, Wu, Pan (2011), Banti, Phylaktis, Sarno (2012), James, Marsh, Sarno 

(editors) (2012), Mancini, Ranaldo, Wrampelmeyer (2012), Sheng (2012a, b, 

2014), Trenca, Plesoianu, Căpusan (2012), Wang, Yu, Suo (2012), Lassmann 

(2013), Ledenyov V O, Ledenyov D O (2016s). 

 The intellectual property as an investment product was researched in 

Plant (1934a, b), Callmann (1947), Penrose (1951), Prager (1952), Arrow 

(1962), Scherer (1965, 1984), Baxter (1966), Hurt, Schuchman (1966), 

Barzel (1968), Nordhaus (1969), Bowman (1973, 1977), Taylor C, Silberston 

(1973), Roffe (1974), Adelman (1977), Loury (1979), Cheung (1982), 

Gilbert, Newbery (1982, 1984), Gilbert, Shapiro (1990), Mackaay (1982, 

1985a, b, 1986, 1989, 1990a, b, 1991a, b, c, 1992a, b, 1994), Sieghart (1982), 

Ashford, Heaton (1983), Ashford et al (1985), Baird (1983), Beck (1983), 

Fudenberg, Gilbert, Stiglitz, Tirole (1983), Wright (1983), Mossinghoff 

(1984), Adelstein, Peretz (1985), Cave (1985), David (1985, 1993), Farrell, 

Saloner (1985, 1989), Gallini, Winter (1985), Gallini (1992), Judd (1985), 

Lehmann (1985, 1989, 1990), Pendleton (1985), Samuelson (1985), 

Department of Trade and Industry (1986), Hay (1986), Mansfield (1986), 

Priest (1986), Evenson, Putnam (1987), Menell (1987, 1989, 1994, 1998), 

Rozek (1987), Sirilli (1987), Tullock (1987), Feinberg (1988), Feinberg, 

Rousslang (1990), Hughes (1988a, b), Merges (1988, 1992, 1994a, b, 1995a, 

b, 1996a, b), Merges, Menell, Lemley, Jorde (1997), Von Hippel (1988), 
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Walker, Bloomfield (editors) (1988), Beier, Shricker (1989), Besen, Kirby 

(1989a, b), Besen, Raskind (1991), Besen, Kirby, Salop (1992), Braga 

(1989), Centner (1989), Centner, White (1989), Davis (1989), Krauss (1989), 

Palmer (1989, 1990), Brenner (1990), Chin, Grossman (1990), Easterbrook 

(1990), Gilbert, Shapiro (1990), Klemperer (1990), Rushing, Brown (editors) 

(1990), Caves, Whinston, Hurwitz (1991), Coombe (1991), Heald (1991), 

Scotchmer (1991), Segerstrom (1991), Teijl, Holzhauer (1991), Deardorff 

(1992), Gallini (1992), Gordon (1992a, b, 1993), Grady, Alexander (1992), 

Quaedvlieg (1992), Aoki (1993-1994, 1996a, b), Becker (1993), Brennan 

(1993), Carter (1993), Chou Chien-Fu, Shy (1993), Helpman (1993), Kay 

(1993), Lanjouw (1993), Lanjouw, Pakes, Putnam (1998), Lanjouw, 

Schankerman (2001a, b), Nelson (1993, 1994), Barlow (1994), Dam (1994, 

1995), Japan Institute of Intellectual Property (1994), Karjala (1994), Lerner 

(1994, 1995, 2002), Chang (1995), Lemley (1995), Gould, Gruben (1996), 

Matutes, Regibeau, Rockett (1996), Brousseau, Bessy (September 19 - 21 

1997), Ginarte, Park (1997), Grindley, Teece (1997), Park, Ginarte (1997), 

Besen (1998), Maskus (1998), Schankerman (1998), Templeman (1998), 

Reilly, Schweihs (1999), Reilly (2013), Gallini, Scotchmer (2001), Hall, 

Zeidonis (2001), McCalman (2001), Sakakibara, Branstetter (2001), 

Scotchmer (2001), Shapiro (2001), Boldrin, Levine (2002, 2004a, b, 2005, 

2006, February 6 2007), Grossman, Lai (2002, 2004), Lasinski (2002), 

Maskus (2000a, b), Deli Yang (2003), Menell (2003), Anson, Suchy, Ahya 

(2005), Anson, Noble, Samala (2014), Blair, Cotter (June 2005), Ramello 

(2005), Smith, Parr (2005), Andersen (editor) (January 1 2006), Hisamitsu 

Arai (2006), Kamiyama, Sheehan, Martínez (2006), Kanwar (2006), Kumar 

(2006), Lakdawalla, Philipson, Wang (October 2006), Moerman, Laan 

(2006), Aoki, Schiff (2007), Bittelmeyer (2007), Holland, III, Reed, Lee S H, 

Kimmel, Peterson (2007), Holland, Benedikt (2014), Malackowski, Cardoza, 

Gray, Conroy (2007), Menell, Scotchmer (2007), Parr (2007), Siegel, Wright 
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(2007), Van Caenegem (May 2007), Ruder (2008), Kite (2009), Blakeney, 

Ullrich, Stauder, Llewelyn, MacQueen, Jacob, Laddie, Chisum, Benyamini, 

Straus, Llewellyn, McCarthy, Dworkin, Soltysinski, Lahore, Dufty, 

Ricketson, Ginsburg, Christie, Goldstein, Tapper, Kamina (December 2010), 

Flanagan, Montagnani (editors) (January 2010), Baker, Pak Yee Lee, 

Mezzetti (2011), Bryer, Lebson, Asbell (2011), Cottier, Veron (2011), 

McCoy, Barton, McDermott (2011), Palfrey (October 2011), Bouchoux 

(2012), George (2012), Rüther (2012), Boldrin, Levine (2013), Frey (2013), 

Howe, Griffiths, Sherman, Pottage, Gangjee, Bently, Hudson, Dreier, 

Breakey, Balganesh, Carrier, Burrell, Hudson, Lametti, Dussollier 

(September 2013), Buchanan, Wilson (2014), Fawcett (2014), Gervais 

(editor) (2014), Guellec, Ménière (2014), Sople (2014), Schmitt (2016), 

Searle, Brassell (August 2 2016). 

 Next, let us summarize the most interesting research contributions on 

the investment vehicles for the financial capital investment in the capital 

markets made by distinguished scientists. 

 The investment bank as an investment vehicle was researched in in 

Howell (1953), O'Donnell (1957), Pontecorvo (1958), Mandelker, Raviv 

(1977), Beatty, Ritter (1986), Smith (1986), Keeley, Pozdena (June 19 1987), 

McDonough (1987), Walter, Smith (1989), Carter, Dark (1992), 

Chemmanur, Fulghieri (1994), Sussman (1994), Clark (April 1995), 

Brockman (1996), Ferguson (1996), Grant (1999), Parkan, Ming-Lu Wu 

(1999), Fleuriet (2000), Anand, Galetovic (July 01 2001), Smith (2001), 
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Conclusion 

 

The Ledenyov unified theory on the business cycles in the economy of 

the scale and the scope was formulated, accurately characterizing the 

business cycles spectral parameters. A spectroscopy analysis of the business 

cycles was conducted in the amplitude, frequency, phase, polarization and 

time domains by applying the theoretical findings in the Ledenyov classic 

and quantum econodynamics sciences. 

More specifically, in the course of research, we assumed that the 

business cycles can be generated by the oscillating macro-/micro-/nano- 

economic output variables in the amplitude/frequency/phase and time 

domains in the economy of the scale and the scope at the certain monetary 

bases over the selected time periods. We also explained that the GIP (t, 

monetary base), GDP (t, monetary base), GNP (t, monetary base), PPP (t, 

monetary base) dependencies can be theoretically treated as both 1) the 

continuous-time economic output waves, and 2) the Ledenyov discrete-time 

digital economic output waves. We highlighted the fact that the accurate 

forward looking assumptions on the GIP(t, monetary base), GDP(t, monetary 

base), GNP(t, monetary base), PPP(t, monetary base) dependencies can be 

made, using the business cycles oscillation dynamics analysis in the economy 

of the scale and the scope at the certain monetary bases over the selected time 

periods. We noted that the accurate forward looking assumptions on the 

GIP(t, monetary base), GDP(t, monetary base), GNP(t, monetary base), 

PPP(t, monetary base) dependencies can help us to find the optimal solutions 

for the problems on 1) the financial capital investing by increasing the return-

on-investment for the investors on one side, and 2) the financial capital 

borrowing by decreasing the cost-of-capital at various businesses financing 

schemes for the business founders/owners/managers on other side. 

Considering the obtained research results in details, we can make the 

following general explanatory comments. Chapter 1 made a historical 

overview on the development of the national/global economies of the scales 

and the scopes in the world over the centuries. Chapter 2 discussed the 

continuous-time economic output waves in the economy of the scale and the 

scope in the Ledenyov classic econodynamics. Chapter 3 considered the 
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Ledenyov discrete-time digital economic output waves in the economy of the 

scale and the scope in the Ledenyov classic econodynamics. Chapter 4 

researched the Ledenyov discrete-time digital economic output waves in the 

form of the vector-modulated discrete-time digital direct sequence spread 

spectrum signal’s bursts in the economy of the scale and the scope in the 

Ledenyov classic econodynamics. Chapter 5 dealt with the Ledenyov 

discrete-time digital economic output waves in the form of the vector-

modulated discrete-time digital direct sequence spread spectrum signal’s 

short/long/ultra long time duration pulses in the economy of the scale and the 

scope in the Ledenyov classic econodynamics. Chapter 6 described the 

Ledenyov discrete-time digital economic output waves in the form of the 

vector-modulated discrete-time digital direct sequence spread spectrum 

signal’s short/long/ultra long time duration pulses generated by the quantum 

fluctuations in the economy of the scale and the scope in the Ledenyov 

quantum econodynamics. Chapter 7 highlighted some issues in the precise 

measurement of the econodynamic variables in the economy of the scale and 

the scope in the Ledenyov classic and quantum econodynamics. Chapter 8 

focused on the accurate forecast of the economic and financial trends with 

the business cycles oscillation dynamics analysis in the economy of the scale 

and the scope in the Ledenyov classic and quantum econodynamics. 

Conclusion summarized all the important research findings, highlighting the 

original scientific contributions in the general-audience plain language 

format. As a result of completed research work, we formulated the Ledenyov 

unified theory on the nature of the business cycles in the economy of the 

scale and the scope in the Ledenyov classic and quantum econodynamics for 

the first time. 

Summarizing the innovative research and making concluding remarks, 

we can definitely say that the written book presents a wonderful opportunity 

for the thinking readers with various professional backgrounds to learn more 

on the advanced theories, techniques and practices to precisely filter out, to 

accurately characterize and to thoughtfully analyze the business cycles in the 

Ledenyov unified theory on the nature of the business cycles in the economy 

of the scale and the scope in the Ledenyov classic and quantum 

econodynamics. 



 

228 

 

We believe that the obtained knowledge could be applied by the 

investors, financiers, economists, businessmen, academicians and other 

researchers in the process of decision making on the optimal financial capital 

investment / borrowing in the national / global capital markets to accelerate 

the business processes toward the sustainable development of the economies 

of the scales and the scopes on the way to the economic and social prosperity 

building in the World. 
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identify the economy of the scale and the scope in Ledenyov V O, Ledenyov 

D O (2017). Therefore, the main question to understand is: Can we edit the 

“gene’s sequence” of the economy of the scale and the scope with the aim to 

increase the economic output magnitude in the economy of the scale and 

scope at the certain monetary base over the time? We think that it is quite 

possible to edit the gene’s sequence of the economy of the scale and the 

scope with the ultimate goal to increase the economic output magnitude of 

the economy of the scale and scope at the certain monetary base over the 

time. We simply need to create and implement a set of the new general 

regulatory policies in the finances, the new taxation policies in the 

economics, the new management policies in the business administration, 

encouraging the Schumpeter disruptive innovations introduction and 
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adaptation in the economy of the scale and the scope in the modern high-tech 

society at the present and future time. 
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Business Cycles in Economics creates an unified theory of the business 
cycles in the economics, describing all the possible types of the continuous-
time and the discrete-time economic output waves in the economies of the 
scales and the scopes. The book represents a considerable interest to the 
prospective and seasoned global investors, because the investors’ business 
philosophy toward the financial capital investment in the real- and 
speculative- sectors of the economies of the scales and the scopes is mainly 
based on the forward looking assumptions on the business cycles. The book 
consists of the eight chapters. Chapter 1 reviews the economies of the scales 
and the scopes from the ancient days to the modern time. Chapter 2 provides 
some information on the continuous-time economic output waves in the 
economy of the scale and the scope in the Ledenyov classic econodynamics. 
Chapter 3 introduces the Ledenyov discrete-time digital economic output 
waves in the form of the vector-modulated discrete-time digital direct 
sequence spread spectrum signal in the economy of the scale and the scope in 
the Ledenyov classic econodynamics. Chapters 4 describes the Ledenyov 
discrete-time digital economic output waves in the form of the vector-
modulated discrete-time digital direct sequence spread spectrum signals 
bursts in the economy of the scale and the scope in the Ledenyov classic 
econodynamics. Chapters 5 writes on the Ledenyov discrete-time digital 
economic output waves in the form of the vector-modulated discrete-time 
digital direct sequence spread spectrum signals short/long/ultra long pulses in 
the economy of the scale and the scope in the Ledenyov classic 
econodynamics. Chapter 6 discusses the Ledenyov discrete-time digital 
economic output waves in the form of the vector-modulated discrete-time 
digital direct sequence spread spectrum signals’ short/long/ultra long pulses 
generated by the quantum leaps in the economy of the scale and the scope in 
the Ledenyov quantum econodynamics. Chapter 7 considers the precise 
measurement of the econodynamic variables in the economy of the scale and 
the scope in the Ledenyov classic and quantum econodynamics. Chapter 8 
focuses on some aspects of the accurate forecast of the economic and 
financial trends with the business cycles oscillation dynamics analysis in the 
economy of the scale and the scope in the Ledenyov classic and quantum 
econodynamics sciences. 
 
The private and institutional investors, investment portfolio managers, 
financiers, economists, financial analysts, financial traders, financial 
advisers, financial lawmakers, economics policy analysts, economics subject 
experts, administrative law graduate students, professional lawyers, 
professors, master of business administration (MBA) students, master of 
science (M. Sc.) pretenders, philosophy doctor (Ph. D.) candidates and many 
other interested readers will certainly benefit by reading the book and 
learning on the new original theoretical propositions on the business cycles in 
the economies of the scales and the scopes. 
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Key Features: 

 
∗ Overviews a historical evolution of the economies of the scales and the 
scopes from the ancient days to the modern time. 
 
∗ Formulates an unified theory on the business cycles in the economies of the 
scales and the scopes in the economics. 
 
∗ Explains the theoretical fundamentals on the business cycles by considering 
the continuous-time waves and the discrete-time digital waves in the frames 
of an unified theory on the business cycles in the economies of the scales and 
the scopes in the economics. 
 
∗ Introduces the new waveforms to describe the business cycles, including 
Ledenyov discrete-time digital economic output waves in the form of the 
vector-modulated discrete-time digital direct sequence spread spectrum 
signal in the economy of the scale and the scope in the Ledenyov classic 
econodynamics. 
 
∗ Discusses the new complex waveforms to characterize the business cycles, 
including the Ledenyov discrete-time digital economic output waves in the 
form of the vector-modulated discrete-time digital direct sequence spread 
spectrum signals short/long/ultra long bursts/pulses in the economy of the 
scale and the scope in the Ledenyov classic econodynamics. 
 
∗ Writes about the possible quantum nature of the phase transitions in the 
new complex waveforms to describe the business cycles, including the 
Ledenyov discrete-time digital economic output waves in the form of the 
vector-modulated discrete-time digital direct sequence spread spectrum 
signals’ short/long/ultra long pulses, generated by the quantum leaps, in the 
economy of the scale and the scope in the Ledenyov quantum 
econodynamics. 
 
∗ Presents the scientific thoughts on the precise measurement of the 
econodynamic variables in the economy of the scale and the scope in the 
Ledenyov classic and quantum econodynamics. 
 
∗ Considers some aspects on the accurate forecast of the economic and 
financial trends with the business cycles oscillation dynamics analysis in the 
economy of the scale and the scope in the Ledenyov classic and quantum 
econodynamics. 
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