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Does “Okun’s Law” State a :1 Ratio?
Toward a Harmonic Interpretation of Why Okun’s Law Works
By Scott A. Albers and Andrew L. Albers
Abstract:
In Albers & Albers (Spring, 2013) we demonstrated that the
historic development of U.S. real GNP, 1869-present, may be structured in
recurring 14-year periods. A steady-state rate of growth of 3.4969% is thereby
calculated, generating an increase in real GNP proportional to the famous
“Golden Mean” (1:or 1:1.6180) every fourteen years on average.
Building on this foundation we show herein that “Okun’s Law,” a 3:1
proportion between percent growth in real GNP and percent decrease in the rate
of unemployment, is actually a :1 proportion, created through a form of
mathematic / harmonic inverse. The resulting model of economics in the United
States is thereby aligned with geometric, harmonic and trigonometric analysis,
rather than purely statistical methods.1,2
Okun’s Law
“Okun’s Law” was first presented in a 1962 paper by Arthur M. Okun entitled “Potential
GNP: Its Measurement and Significance.” The paper opens with the question: “How much
output can the economy produce under conditions of full employment?” Dr. Okun writes:
The basic technique I am reporting consists of a leap from the unemployment rate
to potential output rather than a series of steps involving the several underlying
factors (which might impact on potential output). Strictly speaking, the leap
requires the assumption that, whatever the influence of slack economic activity on
average hours, labor force participation, and manhour productivity, the
magnitudes of all these effects are related to the unemployment rate. With this
assumption, the unemployment rate can be viewed as a proxy variable for all the
ways in which output is affected by idle resources. The measurement of potential
output then is simplified into an estimate of how much output is depressed by
unemployment in excess of four percent.
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This article contains 8,128 words, with an abstract of 117 words. Additional papers toward an
understanding of the ideas presented herein is found at “scribd_scott_albers_1” and the Munich Personal Repository.
2
Acknowledgements. This paper is a reply to Dr. Edward Knotek’s rhetorical question “How Useful is
Okun’s Law?” (Economic Review 2007) made possible only because Dr. Knotek has been so generous with his time,
his valuable information, his insights as to Okun’s Law and his repeated explanations of data and methods which he
used in that article.

The leap from an individual consideration of various subsidiary “effects” to the “proxy
variable” of a single, all-encompassing “national rate of unemployment” significantly simplifies
the approach to the question posed. It is important to note however that the subsidiary “effects”
leapt over (“average hours, labor force participation, and manhour productivity”) continue to
have a vital and independent standing as they are “related to the unemployment rate.”
We maintain in this paper that an inverse and reciprocal relationship is implied by this
“leap.” We maintain that, just as the national unemployment rate will be directly related to the
individual “effects” which are disregarded by Okun’s approach, so will these subsidiary and far
more personal “effects” be related to the unemployment rate in a direct and reciprocal fashion.
One might imagine the inverse relationship implied between the “personal” and the
“national” if we let “Government” = 1. In this case the fraction “1/individual” might represent
the individual as he/she relates to the nation. Inversely, the fraction “individual/1” would
represent the nation as it relates to the individual.
Okun’s paper makes the leap that the rate of unemployment is a “proxy variable” for the
more specific and personal “effects” which connect the national rate of unemployment with the
person who is employed or unemployed. The significance of this inverse relationship is not
mentioned by Dr. Okun, nor does he deal in any way with its impact on his analysis.
The fulcrum upon which Okun’s Law balances so perfectly lies in the fact that
employment affects each and every person in the United States in a tremendously personal way.
(“Do you have a job?”) This personal connection which each citizen has with their employment
is intimately tied to the very concepts – average hours, labor force participation, manhour
productivity – which are “leapt over” by Okun’s approach. Through the right of the citizen to
insist that he / she have some creative, on-going and functional role in the economy a continual
relationship between the national economy and the individual worker is maintained.
The risk inherent in Okun’s approach is that the inverse relationship between the personal
and the national might become obscured, taking on by unacknowledged acquiescence the nature
of a “1/1,” an impenetrable and un-investigable union. In this paper we will deal extensively
with the inverse relationship between the “personal made national,” and the “national made
personal” as the mathematic foundation of our approach.
Dr. Okun then states his law.
The answer I have to offer is simple and direct. In the postwar period, on
the average, each extra percentage point in the unemployment rate above four
percent has been associated with about a three percent decrement in real GNP.
... My own subjectively weighted average of the relevant coefficients is
3.2, yielding the following estimate of potential:
P = A(1 + .032 (U-4))
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In sum “Okun’s Law” notes that for every three percentage points of increase in real
GNP the rate of employment increases by one percentage point, and that decreases of both take
place at the same rate.1 This 3 : 1 proportion is generally referred to using a double negative, i.e.
an increase of three percent in real GNP will lead to a one percent decrease in the rate of
unemployment. Although first stated by Arthur Okun, at the time senior economist of President
Kennedy’s Council of Economic Advisors, “Okun’s Law” has taken on a legend of its own, as
“one of the most reliable empirical regularities in macroeconomics.”1 (Tobin, 1983)
Dr. Edward Knotek’s article “How Useful Is Okun’s Law?” (2007) proposes that Okun’s
Law is, at best, a helpful rule of thumb. As the title of the article suggests directly, Dr. Knotek
describes in detail our present understanding of Okun’s Law as both a mathematic equation and
as a policy tool.
To make the point of his article Dr. Knotek organizes data sets which follow mainstream
econometric methods as applied to well-known and easily available federal data bases covering a
60 year period of American economic history, i.e. the second quarter of 1947 through the third
quarter of 2007. Charts One and Two graph the quarterly and annual data sets supporting the
regularity of the relationship between changes in the size of real GNP (x-axis) and the
corresponding effect this has on the rate of employment (y-axis).

Dr. Knotek then takes issue with the straight-forward association presented above
between the rate of growth and the rate of unemployment. He makes the point that the historic
associations underlying these trend lines merit much closer scrutiny. We will turn to this insight
near the end of this paper.
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Surprisingly there is at present no theoretic structure to explain the apparently longstanding and vital macroeconomic / mathematic relationship given by Okun’s Law. On this
point see Owyang and Sekhposyan (2012):
Many macroeconomic textbooks contain a rule of thumb relating real output
growth to changes in the unemployment rate. This relationship, called Okun’s
law after Okun (1962) typically assigns a 2- to 3- percentage point decrease in
real gross domestic product (GDP) growth to a 1-percentage point increase in the
unemployment rate. Unlike laws in the physical sciences (e.g. Newton’s laws of
motion) Okun’s law is an (arguably loose) empirical correlation and is, in general,
neither theoretically motivated nor strictly adhered to in the data. As many of the
reduced-form relationships build strictly on associations and not causation,
Okun’s law appears to vary depending on the sample period studied.
This paper attempts to provide a theory which explains Okun’s Law, both as a matter of
micro-economic foundation as well as macro-economic and historic importance. The possibility
of deriving a theory which explains such an important relationship must be of great interest, i.e.
What causal precedents underlie such an important rule of macro-economics? ... seemingly one
of the few macroeconomic observations to ever be denominated a “law” at all.
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Why does Okun’s Law work? To Buy or Not To Buy.
By way of introduction it is worth noting that in his course on the development of
political morality Dr. Shapiro makes clear that the whole of neo-classical economics can be
condensed into a study of the indifference curve. (Shapiro, 2012) These curves attempt to
demonstrate the microeconomic relationship between consumer preferences as balanced between
two different goods.
The curve drawn represents the “indifference” for any consumer as to which combination
of good is offered. (left, Diag. 1-7 below) The “indifference curves” generated from this pair of
dichotomies represents the willingness to trade one set of goods for different goods.

As increasing levels of affluence at provided, a map of multiple curves becomes possible.
(center, Diag. 1-7 above)
The indifference curves of two competing trading partners may be explored by inverting
the curve of one of the partners. (right, Diag. 1-7, above)
“Pareto optimality” represents a qualitative evaluation of these relationships. Given an
initial allocation of goods among a set of individuals, a change to a different allocation that
makes at least one individual better off without making any other individual worse off is called a
Pareto improvement. An allocation is defined as "Pareto efficient" or "Pareto optimal" when no
further Pareto improvements can be made.

The essential point to notice about each of these curves is that they assume that the
“space” lying outside the curve is synonymous with a “refusal to trade” or “saving,” and the
points within the curve are synonymous with a “willingness to trade” or simply “trade.”
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The Theory
For the purposes of these essays we will take as an axiomatic truth that all human life is
based upon the presumed equivalence between that which we experience through the senses and
that which we know to be real.3 If “that which we experience” is given the variable “X” and
“that which we know to be real” is given the variable “Y”, we may state this equivalence as:
X = Y.
If we place this equation in a Cartesian coordinate system, we have the following 45
degree angle line, beginning at x = 0, y = 0 and extending on toward and infinite number of
associations.

This picture represents the outcome of an infinite number of squares, wherein each corner
point has a specific meaning. “X” represents our experience of something, “Y” represents our
knowledge of the thing experienced, the point “(X, Y)” represents the interaction between our
experience of the thing itself and our knowledge of the thing itself, and the origin of the graph
“(0, 0)” represents the beginning association we make between experience and knowledge as
fundamental assumptions of all inquiry.4

See Boswell, J. (1820). “After we came out of the church, we stood talking for some time together of
Bishop Berkeley's ingenious sophistry to prove the nonexistence of matter, and that every thing in the universe is
merely ideal. I observed, that though we are satisfied his doctrine is not true, it is impossible to refute it. I never shall
forget the alacrity with which (Samuel) Johnson answered, striking his foot with mighty force against a large stone,
till he rebounded from it -- "I refute it thus."
One might assert that the experience of reading a book and enjoying the imaginary world conveyed is not
the same as “experiencing” or “knowing” anything about the world imagined.
Our point here is far more modest and direct. The “experience” referred in this essay is simply that of
“reading the book” and the knowledge considered is simply that the person reading knows that he or she is reading a
book. The equivalence understood between the experience of reading the book, and the knowledge that one is
reading a book, is the equivalence with which we begin this analysis.
4
See Ornstein, at 63: “In 1268, Roger Bacon, one of the founders of modern science, wrote (in his Opus
Maius....), ‘There are two modes of knowing, through argument and experience. Argument brings conclusion and
compels us to concede them, but does not cause certainty nor remove doubts in order that the mind may remain at
rest in truth, unless this is provided by experience.’ These two modes are complementary (both are “right”), and
together form the basis for the complete human consciousness.”

3
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Extension to the Jury Trial of a Criminal Case
In the United States the jury trial of a case is premised on this same equation “X = Y,”
“experience” and “knowledge,” taken to the next higher social level of the jury. The jury’s
reception and consideration of the evidence presented indicates that this small group is the
expansion of the smaller individual and included minds. In the jury’s deliberation the jury
demonstrates itself as being the larger, expanded, copied and congruent larger “fractal” of the
individual mind.
Specifically, the jury’s personal experience of the evidence as presented in trial
represents the “X” of a trial proceeding.
The jury’s evaluation of this evidence as understood through the prism of their own life
experiences is the “Y” of the trial proceeding, their collective knowledge of the facts presented.
The final verdict given by the jury states its evaluation of the association between the “X”
of the trial (the evidence presented) with the “Y” of the trial (the jury’s evaluation of this
evidence).

This simple model may be expanded upon.
The criminal law of the United States is based upon a dichotomy between the criminal act
alleged to have been committed – the actus reus of the offense – and the mental intent –the mens
rea of the offense – associated with the crime. For example, the act of killing someone is a
homicide if done with the intent to kill the individual. If the killing was the result of recklessly
driving in a crowded street, the crime is less because the evil of the intent to harm was less.
Differences in the consequence to the Defendant can be quite significant, depending upon the
nature of the criminal act and mental intent found by the jury.
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If we let the “actus reus” of any given offense equal a particular number – for example, 5
– then the jury’s experience with the evidence presented as to the criminal act (X = 5) and the
jury’s understanding of that evidence (Y = 5) may be given as a square, in blue below.
Similarly, if we let the “mens rea” of the same offense equal a different number – for
example, 3 – then the jury’s experience with the evidence presented as to mental intent (X = 3)
and the jury’s understanding of that evidence (Y = 3) may be given as a red square, in red below.

The culpability, if any, of the Defendant for a crime is given in accordance with the sum
of these two elements of proof. The full experience and knowledge summarized by the case will
equal the sum of these two squares. Stating the jury’s experience with the evidence of a criminal
act as a positive distance “A” and the jury’s experience with the evidence of mental intent as a
positive distance “B”, then the experience / knowledge represented by Culpability (C) associated
with the verdict should equal the sum of these two things, or :
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Geometrically, this equation may be portrayed with the proportions of the Pythagorean
Theorem as follows.

From the economic point of view, there is no difference between stating that “John
purchased x” and “John is guilty of purchasing x.” The relationship between the act and the
thought which motivates the act, speaking economically, is the same as that of the court
considering such an act criminally.
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Micro-economics: The “Chooser – Available Choice” Model
Each of the points within the plane of an indifference curve – both those on the curves
and those outside the curve – represents a given decision to trade or to keep various properties.
If we contrast the actions of trading a good versus keeping that same good, a set of dichotomies
may be constructed which maybe used to structure our understanding of economic development.
The first dichotomy – action, as comparable to the “actus reus” of criminal law –
represents a tension between “Keeping” a particular good vs. “Trading” the good for something
else. This is indicated in the circle below by the opposition of “Keep” at 3 o’clock and “Trade”
at 9 o’clock. All economic life stems from the core principle that one may act freely in choosing
either to keep a given property or to trade it for some other piece of property and that these
transactions clearly affect the status of the property so owned or traded.
This is contrasted with a secondary dichotomy – thoughts, as comparable to the “mens
rea” of criminal law – which represents a tension between one’s mental “thoughts in favor of
keeping” and “thoughts in favor of trading” a particular property, located at 12 o’clock and 6
o’clock respectively in the circle below. These are the mental pre-dispositions of every owner
towards keeping or trading a given piece of property for something else.
Using the Pythagorean Theorem to structure the sum total of possible permutations
between the “Action” aspect of a purchase, and the “Thought” aspect of a decision to Purchase,
we may structure every possible balancing of these two with the “Purchase” itself.5

The “clock-wise” direction of movement around the unit circle and the “9:00 o’clock” place of
beginning the analysis as used in these essays are opposite that taken in most trigonometry textbooks.
This approach does not alter the trigonometric identities considered in the slightest and provides an
approach to the measurement of time which is consistent with the sense of the hands of a clock.

5
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The Pythagorean relationships inherent in the association of Action and Thought as
expressed previously create around the unit circle create an infinite set of mathematic
relationships wherein the actual possibility of a Purchase is set as the sum of some combination
of Action and Thought.

The unity of the underlying ego which selects these various points may be associated
with the radius of this circle. If we give this radius the number “1” it represents the “unity” of
the ego as a balancing radius between these two dichotomies of Action (“Trading” vs. Keeping”)
and Thoughts (“Thoughts related to Trading the property,” “Thoughts related to Keeping the
property”). An internal angle is thus constructed at the origin of the coordinate system.
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The Significance of Trading
There is only one point along the Unit Circle where Action is wholly aligned with
Trading, i.e. the point at 9:00. All other points along the unit circle are similar to one another in
that there is some “Y” component connected to some mental aspect of trading and/ or keeping
the object in question. This mental aspect must include some possibility of cancelling the action
contemplated. Consequently only at 9:00 o’clock is the possibility of a “Trade” wholly
equivalent with Action, and at this point “Thought” is Zero and the Action Trading occurs.
Conversely at 3:00 o’clock the action undertaken is to “Keep” the property in question
and the status quo is actively continued.6

6

If we consider the side opposite the internal angle as divided by the hypotenuse of “1” we set up a set of
fractions which may be charted against an x-axis wherein the circumference of the circle is superimposed upon the
x-axis in divisions associated with 2 . Beginning at 9 o’clock and moving clockwise, we have the following
mathematic associations between various points along the unit circle, to wit, the sine curve.

The equation for this wave is:
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The unique aspect of this point at 9:00 o’clock creates an unavoidable change in the
overall unit circle. The break which is presented at (x = -1, y = 0) creates a new and unknown
element in the unit circle itself. Once the trade is made, the situation is no longer the way it was.
Something new has taken place. 7
In contrast, when the x-axis is directed toward “Keeping” a particular good, the point at
which Thought = 0 will be that point most dedicated in favor of the status quo.

The model will be referred to as the “chooser – available choice” model, as a way of
presenting the unit circle and its radius of “1” – representing the “chooser” – and the number  –
representing the “choices available” – in a simple and direct fashion. Our premise is that a radius
originating at the center of the unit circle and moving toward any spot on the circle of possible
choices divides the circle at a 1 :  ratio. Half of the circle constitutes “available choices” which
will be associated with the point at which the radius and the circle intersect. This relationship
will exclude an equivalent set of opposite choices on the opposing side of the circle.

There is an analogy here to quantum mechanics in the “Schrodinger’s Cat Thought Experiment.” The
second half of the third postulate of quantum mechanics states, roughly speaking, that observation changes the
physical system. http://vergil.chemistry.gatech.edu/notes/quantrev/node20.html A physical system exists in as many
state as possible until it is observed. Once the observation has been made, it changes into another state, one which
can be unique or not.
Until one opens the box, the cat is both dead and alive. Opening the box (observing the state of the cat),
indicates which state it is, and so changes the state of the physical system. In this essay, trading equates with the
observation. By analogy, stating that with trade “something new has happened” one would indicate that the wave
function describing the state of the cat has changed.
7
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In other words, one can not simultaneous trade a good and keep the same good, or vice
versa. The possible choices which are available toward any particular goal are those which are
not directly undermining of whatever goal is chosen. The choices which are not available are
those which are in some negative value, or opposite position, from this chosen goal. This same
dynamic applies to any point of psychological consideration along the unit circle.
We conclude that it is possible to construct a simple and mathematically straight-forward
model of micro-economic choices which is completely in accord with the available evidence of
social behavior as evidenced by universal and legally required social understandings.
By drafting the experience and knowledge of a jury as the larger “fractal” of the
individual mind, we have the ability to state a pattern of “mind” itself which is both useful and
concrete in its form.
Macro-economics: The “Chooser - Available Choice” model in aggregate
The “chooser – available choice” model is the central point of departure for this model.
If we invert this model such that the willingness to “trade” of one person meets the willingness to
“trade” of a trading partner, we have a connection between two people indicating a mutual
willingness to exchange goods or services with one another. (See discussion of Pareto efficiency
supra) The willingness and ability of persons to trade goods and their services with one another
is the foundation for the entire economy.
Let us begin with a proposed willingness of Farmer Jones to part with two cows in return
for three horses. This willingness is met by Farmer Smith who is willing to trade three specific
horses which he owns in return for two specific cows belonging to Farmer Jones.
The fact that these two farmers have met with a match which in their minds is favorable
to both is indicated by the fact that both have extended the 9:00 axis “Action : Trade” towards
one another. As a result of this trade, Farmer Jones’ two cows will be handed over to Farmer
Smith, and Farmer Smith’s three horses will be handed over to Farmer Jones.
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The following two circles simplify the basic ideas going into the above trade. Note that
the early barter of horses for cows suggested by the circles below depicts trading at its most
elementary level. Note that the trade itself must in some fashion state an improvement in the
lives of the trading partners. Consequently the act of trading makes more efficient and useful the
sum total of property within society because those who own the property are seeking ever more
agreeable collections of that property by trading what they have for things which they desire but
do not possess.

These trades represent a re-arrangement of property amongst those owning property.
There is no “expansion” of the economy based upon this trade. However the usefulness of the
property exchanged, in combination with the improved efficiency brought about by the trade,
suggests that the natural rate of increase in any biologic organism – a farm, a household, a local
market – will result from the full set of trades engaged in by all persons.
In short, the same property and the same traders exist after as well as before the trade.
However the straight forward exchange of one set of property for another is conveyed by the
model above.
There is no limit to the number of such trades which can be done over the course of any
particular period of time. We may imagine two pipes running parallel, each suggesting the
desire of one of two trading partners to enter into trade. Each trade may be listed in chronologic
order and depicted as below.
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As reliable currency enters into circulation persons engaged in trading have the further
ability to makes trades of much greater complexity that a straight-forward barter. By saving the
money obtained from prior trades people are able to amass a trading ability to trade which far
exceeds the more clumsy and complicated trade of physical objects, herds of cattle or flocks of
geese, etc.
The ability to trade goods and services for currency permits the evaluation of the worth of
the trade itself in relative terms visa vi all other trades, however subjective. A trade of $50 might
represent an acre of land, a pair of mules, a suit of fine clothes or a suite of furniture. By
“mirroring” the value of these various goods (or services), currency permits a much broader
extent of trading and trading partners.
The pastel coloration below of the thing traded – money – is available to give a relative
value to all the trades of an economy. These “trades” now become “sales,” i.e. the surrender of
something in return for currency.
The chronology of the trade is given be the difference in color, the red trade being first,
the yellow being second, the green third, the orange fourth, etc. The pastel coloration indicates
that in this case Farmer Jones did not trade goods for goods but rather money for goods (or
services).
The size of the trade in question, its monetary value, is indicated by the number of circles
used. For example Farmer Smith’s trade of goods or services for money (three green circles) is
three times as valuable in monetary terms as Farmer Brown’s trade of goods and serves for
money (one red circle), Farmer Frederick’s trade of goods or services for money (one yellow
circle) and Farmer Armstrong’s trade of goods or services for money (one orange circle).
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If we set an arbitrary division of the stream of trade at a single 365-day year, we can
place the monetary and the “real” aspects of these sales of goods and services as oppositions
from one another. The result is a circle of such sales. The length of half the circle indicates the
monetary value of each of the sales of goods or services included in the year. If the size of these
transactions is copied into the length of the circuit itself, we have the following. Because the
connection of any particular sale of a good or service to the year “1973” is no greater than any
other trade, we draw here a circle, i.e. that geometric construct in which all points in a plane lie
equidistant from a single point.

The development of currency and its association with trade given above suggests that the
“work” necessary for Farmer Smith or Farmer Jones to possess “trade-able items” has now
become the “employment” of Farmer Smith and Farmer Jones as engaged “sales” of these items
in a money-based, capitalistic society. In this fashion the use of currency which has turned
“trades” into “sales” is in a direct relationship to the rate of employment, i.e. that employment
necessary to sustain the full scope of sales given above.
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In the above diagram 2-8 we have used the GNP per capita of the United States as a
radius “r” of the generating circle and the rate of unemployment as the radius “R” of the
generating torus which swings the smaller circle in an arc around the center point “1973.” 8
If this relationship is stated geometrically, it would appear necessary that an increase in
the rate of employment from one year to the next (R = the radius of the circle = 1) will correlate
geometrically to a necessary increase in the size of GNP (Y = half circumference = ) at the
necessary ratio of 1 : , as follows.

The above diagram is therefore the basis for an understanding of why Okun’s Law works.
The pi:1 ratio (3.14159:1 ratio) given above between “Percent Change in real GNP” and
“Percent Change in the Rate of Unemployment” is a trigonometric outcome of necessary and
straightforward social realities within the economic history of the United States.

8

The 2010 real GNP for the United States was $2.27 trillion dollars in 1958 dollars with a population in the
same year of 308,745,538 residents, for a GNP per capita of $7,355 per resident in 1958 prices. (See Essay Three,
Data Set One, for figures as to real GNP. See 2010 Census for population figures.)
One might picture the relative size of these relationships by noting that if GNP per capita was set as the one
inch radius of a pipe and the length of pipe set equal to U.S. real GNP, the pipe would run 406 miles (25,728,794
inches), roughly the distance from Chicago to Kansas City. To bend this pipe into the shape of half a circle would
require a radius of 129 miles, roughly the distance from Washington D.C. to Philadelphia.
These proportions might be taken on a smaller scale. If a length of string representing 2010 real GNP was
set equal to the length of a football field (3600 inches), the equivalent proportional thickness of the string would
measure 0.00014 inches in a radial thickness. Spider silk measurements vary from 0.00012 to 0.00032 inches in
diameter. The radius would run from the goal line to the 31.8 yard line.
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The GNP Spiral
The macro-economic statement of annual GNP takes place in a context of years in
sequence. Through the distinct similarity which ratios of U.S. real GNP using various “spreads
of years” have with octaves of musical harmony, one may determine “octaves” of mathematic
association within the economic data itself, falling at spreads of 14 years. (Albers & Albers,
2013) This is consonant with the onset of reproductive capabilities within the American
citizenry; moreover it presents associations of both economics as well as politics.
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Using 14 year periods arranged in a square it may be shown that the central quantitative
fixture of the economy of the United States is the proportion 1:, as demonstrated cursorily in
the following diagram. (Albers & Albers, 2011, 2013) The resulting “GNP Spiral” is an exactly
56-year pattern within the political, social and economic history of the United States which
correlates generally with the well-known Kondratiev Wave or “Long Wave.”
In other words, over the course of 14 years the real GNP of the United States increases on
average in a 1 : 1.6180 ratio. This proportion is the famous “Golden Mean” of botanical
arrangement, natural selection, pyramid construction, Greek art, Euclidean geometry,
Renaissance painting, modular architecture, etc. The biologic, mystical, natural, mathematic,
etc. associations, benign and otherwise, brought forward by this unexpected yet quite
quantifiable fact are yet to be explored fully.

Using the above model – “the GNP Spiral” – repetitions of constitutional amendment in
the lower left quadrant stand at a 18 liberal : 3 conservative ratio in relation to the upper right
quadrant. Moreover the Golden Mean and its association with  = 1.6180... is stated to within
3.4 parts of 10,000 – and under even more exacting analysis at 5.3 parts of 100,000 – with an
explained steady-state rate of growth between 3.496 and 3.499 percent annually.
The above spiral, which mimics the spiral of galaxies and shellfish alike, brings forward
numerous questions as to the nature of time in social systems. Here let us note that one of these
aspects is that an additional inverse is implied. This inverse suggests that the running of a period
of time, like the running of a race, can be looked at from two different but mathematically very
complementary points of view.
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In so far as the race begins with a starting line and ends with a finish line, the number of
lines counted will be one more than the spaces held between the lines. In the above case
highlighted in orange we count 15 lines creating 14 spaces. The fourteen spaces themselves
contain a specific number days. To begin the count of days we start at the first day, indicating
the starting line of the race. It is, however, the second line, not the first, which represents the end
of the first year.
Consequently the period of time in orange might be measured as 14/15 (counting the time
held within the boundaries). Conversely we may consider the same period as stated at its
inverse, 15/14 (counting the number of boundaries holding the time period).
Okun suggests that the unemployment rate is to be taken as a proxy variable for a number
of lesser and included features of employment (Okun, 1962: “average hours, labor force
participation, and manhour productivity”). If these “included” factors are a form of inverse of
the national rate of employment, then these “included” aspects of personal employment must be
stated formally in the final calculation and understanding of Okun’s Law.
It appears from the data that the inverses 14/15 and 15/14 above represent the personal
“race through time” of the American citizenry as they are engaged as members of the national
work force. This work force creates U. S real GNP over time through the personal element of
the employment rate which was “leapt over” by Okun’s approach. This personal aspect of
employment is a necessary part of any understanding of why Okun’s Law works. These inverses
of 14/15 and 15/14 are a fundamental part of Okun’s Law. In short,
If the GNP Spiral is governed by the “Golden Mean” as associated with the lifespan of
American workers, then the 1 : relationship between employment and GNP must include as
well the fractions 14/15 and 15/14 as representing these lifespans.
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The Harmonic Inverse
In order to demonstrate the relationship which these different levels of economic activity
bear in the consideration of Okun’s Law, let us develop more carefully the nature of a
mathematic inverse.
Let it first be considered that the positive numbers, 0<x may be divided arbitrarily into
three groups, which I denominate for the purposes of this essay feminine (0<F<1), 1=1, and
masculine (1<M). Any 1/x = F must and always will have some number x/1 = M by way of a
multiplicative inverse, the product of which will be 1.

Here let the word “Progenic” be introduced, as referring to the product of the above
association of feminine and masculine numbers. By “progenic” (“P” as taken from the root word
“progeny” signifying “child” or “children”) I mean the number which is derived from a member
of the feminine numbers and a member of the masculine numbers as an intended result, as
contrasted with a number which appears in the data through statistical chance.
Second, I propose that a “Harmonic multiplicative inverse” may be created by taking a
feminine number and calculating some M as the projenic product, rather than the number “1.”
For example, should a “Harmonic multiplicative inverse” be derived for the number ½
about the projenic number , the algorithm 2/1 x  = 6.28..., will be the masculine number
necessary, as follows:

To state clearly: a proper multiplicative inverse has as its progenic product the number
“1,” and a Harmonic multiplicative inverse has as its progenic product some number greater than
1, some “P,” implying thereby the existence of some masculine father as determined to be
always at some multiple greater than x/1.
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By way of example, let us consider the simple process whereby a Harmonic
multiplicative inverse may be procured for the number 1/46 about the projenic number phi =
1.6180... We would use the following straight-forward calculus:

In the same fashion, taking the feminine number “5/6” a proper multiplicative inverse
may be created by reversing the numerator and denominator and “6/5” is found to be the proper
multiplicative inverse. (see #1, below):

As this might be placed on a number line, we have:

If a Harmonic multiplicative inverse about the progenic number  is intended, then
multiplying  x 6/5 yields the following (see #2, below):

... or stated in the context of a number line:
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Viewed in reverse, the progenic number P =  has been shown to be the progenic product
of a Harmonic multiplicative inverse using 5/6 as the feminine number as follows: feminine
number = “5/6 x 1,” masculine number “6/5 x P.” (see #3, below):

The fact that this relationship might be expressed in decimals rather than fractions does
not alter the situation in the least. The following example, using decimals, is equivalent for the
purposes of this commentary, to wit:
0.8333...

x

1.2

=1

With this discussion of the concept of an inverse, let us consider the data which underlies
Dr. Knotek’s description of Okun’s Law and the tables used.
The following tables indicate the governmental data sets from which are derived these
charts and calculations.9

9

For the original data sets used by Professor Knotek to create these graphs, see Appendix 1.
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Data Analysis
This first table states the size of GDP as measured quarterly. These numbers form the
basis for calculating GDP growth. Annual GDP growth is calculated as 100*((GDP in the fourth
quarter of this year)/(GDP in the fourth quarter of last year)-1). Quarterly GDP figures are
annualized according to the formula provided by the Bureau of Economic Analysis.10

It is important to mention at the outset that the character of GDP is quite different from
the character of employment. Unlike employment, the measure of GDP begins with the fact that,
like any object which grows, it has size. Sharing a commonality with the size of a dog, a flower
or a tree, the measurement of GDP above is intended to give an estimate of the size of the
economy as an objective entity.
This is important to mention because the growth of GDP is considered from two
standpoints. The first is growth over the course of a year (Annual). The second, relating to
quarterly GDP, is figured from a mathematic algorithm. In this algorithm (1) the current quarter
is divided by the previous quarter, (2) this is then taken to the fourth power, (3) from this figure
we subtract one and (4) make this number a percent by multiplying by 100.
The purpose of these procedures is to find the rate of growth of an object. Using
estimates of the growth rate over quarters, which are four times as numerous as annual estimates,
10

See email of October 10, 2011.
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we might expect that these repeated quarterly annual-izations render a much more precise value
than is possible for annual data. This is quite unlike the nature of a measurement of quarterly an
The next table below states the employment rate in months. For annual data, the change
in the unemployment rate is the current December minus the previous December. For quarterly
data, the change in the unemployment rate is the difference between subsequent quarterly
averages.11

11

See email of October 10, 2011.
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The above chart is of specific interest as it relates to the calculation of quantities of
monthly unemployment in both their “feminine” and “masculine” characteristics, or put another
way, their “circumferential” and “radial” characteristics.
To make the distinction plain, let us imagine that the march of months within a year was
made congruent to the 12 hours on the face of the clock. The manner in which the data for
unemployment is collected and analyzed against itself partakes of the circular nature of a unit
circle. In this way the average of each quarter is taken and compared with the average of each
other quarter. This is portrayed in the left hand side of the following chart.
Contrast this with a single month, chosen from the twelve, and it alone being contrasted
with the same month of the following year, and then the following year, and so on.

On the left we have a circumferential relationship between quarterly data which itself
relies upon a circular sense of time, a legitimate apportion-izing of something which itself is
taken as a “1.” On the right we have a distinctly different and radial view of time, one which
does not accept any obvious limitation to its ongoing list of endless Decembers.12
Note that the estimation of a “quarterly” rate for unemployment takes as its beginning
source of numeric encouragement the idea that it is 1/4th of something else, specifically a subpart of a 12-month, four-quarter year. If we were to have a full year specified in quarters then
numerically we would be interested in a year stated as 4/4 which, according to number theory,
would equal a single year.

1212

It must be noted, however, that the GNP Spiral assumes a further circular aspect of time applying even to
annual data. Consequently the 14/15 association of feminine numbers in this regard, and the 15/14 association with
masculine numbers remains a connected aspect of this insight. In short, if the annual data itself falls into a larger
circumferential relationship, what relationship might this have to the quarterly data which are, at best, a sub-part of
the GNP Spiral and its 1: ratio over a span of 56 years?
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Conversely the statement of an “annual” rate of unemployment seeks not an association
between the data and the year itself, but rather to an on-going set of years in sequence.
Consequently the rate of one December is compared to the rate of the next December and
measured. In contrast to the quarterly data – which by definition is part of some other wholeness
– we might state annual data as a repeated sense of “1,” each point repeating itself in endless
time, a 1/1.
Here we enter into the intrigues and quiet thoughts of the numbers themselves. Placing
both feminine and masculine numbers together we see above a hinted “radius : 2 ” relationship
between annual and quarterly approaches using a single data set describing unemployment and a
second single data set describing GDP growth. Three questions arise.
1.
Do the feminine (0<F<1) numbers maintain a secret relationship with the
quarterly employment figures, their circumferential sense of time and the fraction 14/15 as these
relate to the GNP Spiral / Kondratiev Wave, perhaps “filling up” the space between moments of
time?
2.
Do the masculine (1<M) numbers share an equally hidden relationship with
annual employment figures, their radial sense of time and the fraction 15/14 as these relate to the
GNP Spiral / Kondratiev Wave, perhaps setting up “boundaries” separating moments of time?
3.
Under what circumstances might these secrets be revealed, secrets which although
hidden, tentative and circumspect, might actually bear an inverse relationship of some sort to one
another?
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“The Harmonic Multiplicative Inverse Surprise”
The relationship which we are anticipating is that a 1:  relationship will exist between a
percentage change in the rate of unemployment and the percentage growth of GNP. As the rate
of growth increases on the x-axis, the rate of unemployment will go down on the y-axis. Setting
this relationship as a straight-forward linear relationship, we have the following.

In order to establish a 1 :  proportion over fourteen years the economy of the United
States must possess a steady state rate of growth of approximately 3.4969% per year. As one
calculates a 1 :  exchange between rates of unemployment and GDP growth under Okun’s Law,
one notices that the slope of the 1 : relationship must remain the same, but that the y-intercept
shifts slightly upwards, becoming not “1” but 3.4969 /  = 1.1131227.
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Comparing this to the observed data calculated by Dr. Knotek, one notices that Chart One
uses quarterly growth data which has been annualized. However quarterly employment data is
not annualized.

I adjust the trend line for annualized quarterly data by multiplying quarterly employment
data by four, thereby “annualizing” quarterly employment data. In this manner annualized
quarterly data on growth is matched with “annualized” quarterly data on employment.
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If the steady state rate given for the Golden Mean proportion (3.4969 percent per year) is
divided by , the y-axis intercept is 1.1131227.
If we accept that the “Annual” y-intercept given in Knotek 2007 as 1.2091387, and that
the “4 x Quarterly” y-intercept is 0.92376, we may multiply the two in order to test whether they
are inverses around a common point. The multiple of these two intercepts is 1.1169539. The
result is remarkable.
In short when the growth rate is zero (the y-axis), the y-axis intercepts for “Annual” and
“4 x Quarterly” unemployment rate create a “Harmonic multiplicative inverse” about a
progenic y-axis intercept equal to the projected trend line connecting a 1: steady-state rate of
growth with a :1 ratio for Okun’s Law. This calculation is to an accuracy of 0.34%, 3.4 parts
in 1,000, or 99.65%. (See chart below)
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In short, the possibility of two specific sets of numbers – feminine and masculine – as
configured in the theory of a Harmonic multiplicative inverse appears to generate a remarkable
understanding of the econometric data underlying Okun’s Law.13

The advantages increase considerably if we connect the “1: / 1:” trend line to an
analysis of the Kondratiev Wave. We note, as we must, that the progenic  intercept (“P”)
may be constructed from a feminine “14/15 x 1” as combined with a masculine “15/14 x P.” The
resulting projections of Annual and Quarterly intercepts lie at variances from Dr. Knotek’s
calculations of 1.0% (from the Quarterly unemployment y-axis intercept) and 1.3% (from the
Annual unemployment y-axis intercept).

13

A simple 3:1 ratio, with the same approach used, yields a y-intercept of 1.1656. This is contrasted with a

 intercept of 1.1131 / 1.1656 (at 95.49%) and an observed intercept of 1.1169 / 1.1656 (at 95.81%).
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This yields an average expansion of 1.2% beyond the masculine and feminine inverses,
or more specifically a multiple of 1.0121022, in yellow below.

This y-axis deviation balances a similar deviation between growth rates along the x-axis.
The steady state rate for Annual Data calculated by Dr. Knotek is 3.4551266. The steady state
rate of growth calculated via the GNP Spiral (3.4969781) is greater than this number by a
multiple of 1.0121129, virtually identical to the y-axis deviation stated above.
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Let us consider more carefully the three rates we have for a steady state rate of growth,
each of which constitutes an x-axis intercept. These are Knotek:Annual (3.4551262),
Knotek:Annualized Quarterly (3.4971853) and the GNP Spiral (3.4969781).

Dr. Knotek’s data track slightly more than one complete circuit around the 56-year GNP
Spiral, i.e. covering the second quarter of 1947 through the third quarter of 2007, a period of 60
years. This data misses the full range of GNP values available from the Department of
Commerce (1869 through 1946), a period of 78 years. No unemployment figures are available
for this period. Moreover between 1869 and 1947 very large growth rates are found in GNP
ratios. These larger ratios are included as a part of the calculation of the GNP Spiral.
Despite the incongruity of data sets Knotek:Annualized Quarterly (3.4971853) is
virtually the same as that given for the GNP Spiral (3.4969781).

When the larger (3.4971853) is divided by the smaller (3.4969781) a multiple of 1.0000592 is
found, indicating a proximity between the two numbers of 5.9 parts in 100,000.14

Given the absence of GNP data pre-dating 1947, one might expect that the
Knotek:Annual must be smaller than that of the growth rate calculated by the GNP Spiral.
Indeed the x-axis intercept for Knotek:Annual (3.4551262) retreats from the expected GNP
Spiral x-axis intercept (3.4969781), the second being larger by a multiple of 1.0121129.
As noted previously, this compares to an expansion along the y-axis for unemployment
averaging between feminine and masculine components of 1.0121022.

14

This result, as first pointed out by Dr. Knotek in an email of June 24, 2011, was the genesis of the
correspondence resulting in this paper.
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When the deviation along the x-axis 1.0121129 is divided by the deviation along the y-axis
1.0121022 a multiple of 1.0000105 results. This indicates that a balance between growth and
employment along a 1: / 1: trendline is accurate to within 1.05 parts in 100,000. It further
suggests that while unemployment states a Harmonic multiplicative inverse, growth is not
figured in such a way.

This leads to the following insight as to the operation of the Harmonic multiplicative
inverse and its impact upon the analysis of data surrounding Okun’s Law.

When change in the rate of unemployment is zero, the rate of growth is seen clearly; there is no
inverse at all to found in the growth data.
When the growth of GDP is zero, quarterly and annual rates of unemployment at in great flux
and we see quite clearly the Harmonic multiplicative inverse in the unemployment data.

A second test of the Harmonic multiplicative inverse may be found in the fact that the

:1 understanding of Okun’s Law generates an angle bisecting that of Charts One and Two to
within half a degree. These angles are 15.13 degrees for annualized quarterly data and 19.29
degrees for annual data.
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The angle created by the rectangle  1 bisects these two within one half of one degree,
i.e. 17.66 degrees.

In other words, the slope of the angle bisecting the angles given in Charts One and Two is
17.213 degrees, less than half a degree from the slope of 17.66 degrees of a projected
relationship between the constant  and 1 as projected by this approach.
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The Kondratiev Wave
The straightforward discovery of Okun’s Law within the data does not, however, fully
answer the need for a complete theory. As Dr. Knotek argues, the stability of the trend lines
provided in Charts One and Two mask the underlying dynamics of these relationships. He
writes:
One problem with a long time series – such as from 1948 to 2007 – is that
history can hide changes in relationships. This is the case for Okun’s law. The
previous section (Charts 1 and 2) found considerable similarities between Okun’s
original estimate and an updated regression using a longer time series. This
section shows that, when estimated over shorter time horizons, the relationship
between changes in the unemployment rate and real output growth has varied
considerably.
To capture this variation, this article uses a technique called rolling
regressions. A rolling regression estimates a particular relation over many
different sample periods.
Each regression produces a set of estimated
coefficients. If the relationship is stable over time, then the estimated coefficients
should be relatively similar from one regression to the next. Variations in the
relation will appear as sizeable movements in the estimated coefficients.
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This apparent chaos may be understood by recalling that Okun’s Law, being the
consequence of the inverse between national and personal aspects of the economy, is itself
intimately connected to the GNP Spiral and the passage of time within it. In consequence we are
able to divide the time periods shown by Chart Three above into quite specific, distinct and
predictable periods of definite duration, each of which possesses its own unique political
economy.

This discovery, coupled with the necessary use of a steady state rate of growth of
between 3.496 and 3.499% per year, permits a reconsideration of Okun’s Law as it applies to the
economy of the United States.
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As mentioned in our previous paper, the portions of the circuit of 56 year circuit are each
of dramatically different political emphasis. The period of time which we face most immediately
is that of a tremendous sea change in political attitudes. During these periods a frustration with
the political status quo leads to significant and enduring constitutional changes. These changes
alter the ground rules of economic engagement and permit the capitalistic enterprise to move
forward. These are the amendments associated with this period of time.
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The period of time which we are leaving is one of tremendous conservatism, a period
during which the rules previously laid down are made permanent to the satisfaction of a newly
empowered political elite.
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In short, using ideas proposed by Nicholai Kondratiev in 1925 we may develop a theory
undergirding the seeming randomness of Knotek’s Chart Three, one which brings light to the
proper understanding of a short-term calculation of Okun’s Law, without diminishing its longterm perspicuity.

Typical of this period is a steady increase in the inflation rate which is consistent with a
citizenry which is ever more involved with the determination and active change in its
circumstances. During this period the largest number of constitutional amendments have been
ratified, and also during this period a general upswing in radical activity takes place.
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Using these separate portions of the circuit as guides, let us now re-evaluate Okun’s Law
as it moves around the 56-year circuit.

Early Evolving Revolution
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Late Evolving Revolution
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Early Revolution
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Late Revolution
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Early Evolving Consolidation
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Late Evolving Consolidation
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Early Consolidation
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Late Consolidation
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Conclusion
In conclusion, we began our description of Okun’s Law with a formal structure
combining action and thought in a geometric form,

... and then aggregated this form over the period of a single year....
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... to establish the 1:pi relationship which is at the heart of the 3:1 ratio pointed out by
Okun in his analysis

... thereby bringing into play the life-spans of the people responsible for the creation of
the real GNP examined
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... and the political effect which these lives have on the environment of the United States

... leading in turn to the political re-statement of the original action vs. thought dichomoty
with which we began the analysis. In short, making the larger the fractal of the smaller.

It would appear that Okun’s Law is in fact a trigonometrically driven proportion. This
accounts for its historic stability, heretofore completely un-described in either character or
causation. This is demonstrated by a form of number theory engaging the set of feminine
(0<F<1) and masculine (1<M) numbers using a trend line representing a 1: ratio for growth
over time and a 1:ratio for growth to employment as connected by a Harmonic multiplicative
inverse. This view of the relationships is considerably enhanced the central tenets of the GNP
Spiral generate masculine (15/14) and feminine (14/15) fractions which can be used to further
interpret the interaction of time upon econometric data, however hidden these relationships
might appear.
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It is at this point wherein the general theory of microeconomic trading matches exactly
the sense of macroeconomic of values over time. For the basic theory under which a :1
relationship exists is that the micro-economic ability to choose builds into a similar macroeconomic ability to choose new values over the long term.
And so it is that the two levels appear as fractals of one another, not unlike Russian dolls
wherein the smaller builds into the greater and is contained and congruous to it.

Scott A. Albers and Andrew L. Albers
Great Falls and Bozeman, Montana
March 7, 2013

Copyright Scott A. Albers and Andrew L. Albers, March 7, 2013. All Rights Reserved. Page 54

The following two emails provide Dr. Knotek’s data sets for the annualized quarterly
calculation (Chart One) and annual calculation (Chart Two) of Okun’s Law.
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The following states the annual measures of GNP as compared with Dr. Knotek.
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The following states the quarterly data for annualized real GNP and quarterly
employment, as contrasted with that of Dr. Knotek.
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