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CHAPTER I 

INTRODUCTION 

The word "inflation" has become quite common in 

present discussions of finance. Inflation is defined as 

"the disproportionate and relatively sharp and sudden 

increase in the quantity of money or credit, relative to 

the goods available for purchase. Inflation always 

produces a rise in the price level." [20] Because infla-

tion is present in the national economy, it has an over-

all effect on everyone who has affairs in the management 

of moneyo The businessman looking for new machinery to 

purchase, the housewife looking for groceries to buy, 

and the head of the family attempting to make ends meet 

are all acutely aware of inflation because of the general 

increase in the national price level index. 

Paul A. Samuelson states, "The trend of prices has 

been generally upward; the value of the dollar as measured 

by its purchasing power, has been cut in half since today's 

college student was born." [10] Professor Ruby T. Morris 

in her book Fundamentals of Economics, using 1949 as the 

base year with an index of 100, states: "In 1913 the 

price level started at an index of forty; by 1960 it had 

reached one hundred and twenty-seven. The dollar's 
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purchasing power has therefore been reduced to one-third of 

its former magnitude." [9] By this it is easily seen that 

the dollar has suffered a severe reduction in the amount of 

goods and services it can buy, 

In addition, Morris feels that today's students of 

the business world believe that inflationary tendencies 

are becoming a major characteristic of the present economy. 

When times"are prosperous, inflation will usually be 

present. Willard L. Thorp and Richard E„ Quandt in their 

book The New Inflation, state: "The major argument in 

favor of the hypothesis that inflation promotes economic 

growth is based on the contention that profit expecta-

tions are most favorable in the presence of some degree 

of inflationo" [14] The demand for all kinds of consumer 

goods has been high, the investors have been investing 

funds in plant improvements, and the government has been 

spending heavily to keep pace with population growthe In 

addition, costs have been pushing prices up [ 9 ] . Professor 

Morris sums up her beliefs with the following statement: 

"Inflation does exist and has existed as a major trend 

of our times, and many segments of the financial community 

are forecasting its continuation." [9] This view shared 

by Morris, Samuelson, and other noted economists on con-

tinuing inflation supports the prospect that the dollar 

will continue to shrink in real purchasing power, 

If one imagines our expanding economy as a two-



sided coin, then inflation represents one side and productiv-

ity represents the other. But what exactly is productivity? 

Graham Hutton says: 

Productivity is not production. Production 
is the mere volume of output; it may be falling^ 
while productivity is rising; and vice versa. 
Productivity is the efficiency, the economy, the 
best organization of productiono You can increase 
production easily by not counting the costs, by 
taking on more labor, buying more materials, fuel, 
power and machlnes. But you only increase pro-
ductivity if you turn out more output from the same 
quantity or less of the ingredients of production.[8] 

Thorp and Quandt discuss productivity in the 

following manner: 

Productivity is the term used to describe 
changes in output relative to input. The most 
usual case is that output increases more rapidly 
than input. However, productivity may increase 
without an increase in output; if there is more 
efficient operation, .that is, the use of rela-
tively less labor or capital. Any case of 
increased productivity would permit an increase 
in wages and profits without an increase in 
prices, since the total income available to be 
paid out would be larger relative to the number 
of units of labor and capital required. [14] 

The phenomenon of productivity has been widely 

discussed recently, and rightly so, for it has a major 

effect on many areas of our economy. In spite of the 

wide discussions of productivity, the meaning has often 

been misunderstood to a great extento The reason for 

this doubt about productivity is due to the fact that 

it enters Into many economic areas, and takes on a 

slightly different flavor in each. 

Professor Solomon Fabricant of the National 



Bureau of Economic Research talks of productivity in the 

following manner: 

Productivity deserves the attention that it 
has received, for it is a measure of efficiency 
with which the nation's resources are converted 
into the commodities and services that men want. 
Higher productivity is a major source of incre-
ment in income over which men bargain and some-
times quarrelo And higher or lower productivity 
affects costs, prices, output, employment and 
investment, and plays a part in business fluctua-
tions, in inflation, and in the rise or decline of 
industries. [5] 

Productivity is a necessary condition of progress. 

Technological advancements, new and better equipment, and 

more efficient methods of work are continually increasing 

the productivity of our nation's enterprises. Thus, the 

year to year increase in productivity turns out more 

goods and better services for the same amounts of input 

to production and labor. Therefore, the increasing 

productivity rate offsets, to a degree, the effect of 

inflation in our economy. In his book, What Ki11ed 

Prosperi ty, Graham Hutton concluded: 

The application on new scientific techniques 
makes two blades of grass grow where one grew 
before, and a new machine or method turns out more 
than the old one it replaces. Human skills in-
crease and multiply. Communications improve and 
swell the volume of things and services exchanged 
by tradtng. So the expanded flow of goods and 
services offered for sale in the markets tends 
to catch up with and match the expanded flow of 
money offered in those markets, and to offset 
inf1ation. 

Expansion of the supply of money and credit 
thus carries within it a moderating influence 
. . . as long as it is kept in step with the 
expansion of the supply of goods and services. 



Even if the year to year rise in the general price 
level goes on at something between one percent and 
two percent, individuals and companies will, for a 
time, still save and invest in a new productive 
capacity which raises productivity and offsets 
inflationary effects. [7] 

Purpose and Scope 

The phenomenon of productivity reaches a great 

many areas of our society and is one factor that deter-

mines the value of the Gross National Product of the 

United States. Productivity can be regarded at the 

plant or company level. Productivity can also be 

associated with equipment and machinery and the rate 

at which they are depreciated, become obsolete, and 

are replaced. 

It is quite evident that productivity does have 

a significant effect on many areas of our economy. It is 

also quite evident that inflation alters the purchasing 

power of money, and since the common exchange medium of 

our economy is money, then inflation affects all areas 

of our economy, 

The purpose of this thesis is to investigate and 

develop mathematical expressions that can evaluate the 

future worth of an investment considering the relation-

ships between inflation, productivity and various 

financing conditions. Mathematical models will be 

developed in only those areas where inflation and 



productivity can be introduced and treated as varlables. 

A great deal of research has been conducted to 

develop mathematical models that enable the analyst to 

measure the productivity rate of the nation or of an entire 

industry. This study is not concerned with developing 

methods to measure productivity, but how to use an index 

of productivity after it has been determined in order to 

predict a future worth of an investment considering infla-

tion and productivity. Also this study will not investi-

gate the relationships of inflation and productivity in 

respect to the topic of equipment depreciation and 

similar related areas. The subject of inflation and 

productivity and its effect on machine depreciation and 

replacement has been investigated thoroughly by P. M. Ghare 

and P. E. Torgersen. The results of their research is 

briefly outlined in Chapter II of this thesis. 

Many noted economists believe that inflation and 

increasing productivity are factors of extreme importance 

and must be considered when evaluating the time value of 

money. However, few mathematical models have been con-

structed that take into account the effect of inflation, 

and yery few models, if any at all, have been built that 

consider inflation and productivity as counteracting 

components. 

To incorporate the factors of inflation and pro-

ductivity into a mathematical model they are defined in 



the following manner. The rate of change in productivity, 

as defined in this thesis, is the rate of growth in the 

true or real worth of an enterprise. The presence of 

inflation will be thought of and treated in two separate 

ways in this study. First, inflation is to be treated as 

the rate at which the purchasing power of money is 

decreasing. Secondly, inflation is to be treated as the 

rate at which the national price level index is rising. 

The Research Procedure 

The procedure of research will be as follows: 

1. Extensive library research and a literature 

review will be performed to determine and 

analyze what work has been accomplished in 

this broad area, 

2. The areas where productivity and inflation 

can have a significant effect and can be 

accounted for will be investigated. Mathe-

matical models for those areas where infla-

tion and productivity can be incorporated 

and treated as variables will be developed. 

3. The mathematical models that are developed 

in step 2 will be analyzed and illustrated 

further by numerical examples. 

4. A sensitivity analysis will be performed by 

a program written to evaluate the developed 
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5. 

relationships for a number of variable ranges 

on the IBM 7040 system. 

The results of the study will be summarized 

and the conclusions w i U be stated. Further 

areas for research will be discussed. 



CHAPTER II 

REVIEW OF PREVIOUS RESEARCH 

The history of inflation and productivity has been 

well documented in the United States for the past fifty 

to sixty years. Much has been written about the theo-

retical causes of both inflation and productivity. The 

concern, however, of this thesis is not with the causes 

of the two occurrences but with accounting for their effects 

Recently, a number of papers have been written 

concerning inflation and productivity. Paul De Garmo 

discusses in his paper, "New Responsibi1ities for Indus-

trial Engineers in Regard to Productivity," the need for 

new methods of measuring productivity. He believes that 

the present method of measuring productivity does not 

accurately reflect the results of changes in capital 

equipment or management techniques [ 3 ] . H. G. Thuesen 

and P. E. Torgersen in their article, "The Effect of 

Inflation on Replacement," develop an economlc model 

that considers the effect of inflation on the deprecia-

tion and replacement of capital assets [15], 

"The Effect of Inflation and Increased Produc-

tivity on Machine Replacement" is a paper written by 

P. M. Ghare in which he develops mathematical models 
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which consider factors of inflation and increased produc-

tivity and their effect on depreciation changes and machine 

replacement. Ghare concluded that: 

I. Under Inflation and No Change in Productivity--
The sum of the accumulation of depreciation monies and 
the resale value of the existing machine will not 
keep pace with the rising price of the new machine 
available for replacement, In effect, a sunk cost 
will result and this sunk cost will accelerate with 
time. An optimum machine replacement policy would 
appear to require frequent machine replacement long 
before the service 1ife is over. Under favorable 
conditions and with this policy it may be possible 
to realize a capital gain although installation 
costs may nullify this gain. 

II. Under Inflation and an Increase in 
Productivity--The effect of increasing productivity 
reverses the effects of inflation. This compensa-
tion of maleffects of inflation will result in a 
sunk cost that appears to decelerate with time. 
Under these conditions, a machine replacement policy 
would tend to retain machines until the end of 
their service 1ife. [6] 

Ghare also states that the productivity and 

inflation rates in the United States for the past twenty 

years have been rising at approximately 3% and 2% per 

year,respectively0 Therefore, the rate of increasing 

productivity will more than compensate for the maleffects 

of inflation [ 6 ] , 

Dr. Ghare's investigation into the phenomena of 

inflation and increasing productivity was confined to 

a specific area, that of machine replacement. Ghare's 

mathematical model treats productivity as a function of 

machine production (increased machine output) and how it 

relates to the value of the machine. 
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In the mathematical models of this study, the rate 

of growth in the real value of an enterprise is assumed to 

be a function of its positive rate of change in produc-

tivity. By treating productivity in this manner, the line 

of reasoning for the mathematical treatment of this 

proposed study follows a path entirely different from 

that of the research carried out by Dr^ Ghare^ 

The conclusions reached by Ghare are also shared 

somewhat by Evsey Domar in his essay, "Depreciation, 

Replacement, and Growth." Domar believes that increasing 

prices must be considered because they distort the rela-

tionship between initial investment and the cost of 

replacement. In addition, the effect of inflation is 

compensated to a large degree by increased produc-

tivity [ 4 ] . 

George Terborgh, Director of Research at the 

Machinery and Allied Products Institute, (MAPI), has 

devised a set of relations valuable in d e t e r m m i n g when 

equipment should be replaced. The formulas are stated 

in Dynamic Equipment Policy, a book by Mr„ Terborgh and 

also in his book, Business Investment Policyo 

An important concept in the MAPI formuTas is the 

"Capital Consumption" of an asset. The "Capital Value" 

is defined as the present worth of the asset's future 

service or use value. In other words, "Capital Value" 

is simply the present worth of the future capital 
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recovery and profit after taxeSo Due to depreciation, 

higher maintenance costs , and technological advances the 

"Capital Value" of an asset decreases over timeo The decline 

in "Capital Value" of an asset is what Terborgh calls 

"Capital Consumption." Therefore, the concept of Capital 

Consumption is the annual decline in the present worth of 

the capital recovery and profit after taxes [12]. 

The MAPI formulas involve several other factors. 

Obsolescence is a term often used. Obsolescence can be 

defined as the amount by which a machine is operational ly 

inferior, with respect to the best machine now available 

on the market. Deterioration is another term used; it 

can be defined as the decrease in efficiency of an asset 

when compared to a similar, but new, asset [12]e 

The MAPI philosophy can be summed up with the 

following example. A machine is acquired by a capital 

outlay, and as the 1ife of the machine increases, its 

value per year decreases. During this time the operating 

inferiority of the old machine, with respect to a new 

machine, increases due to the increasing inefficiency of 

the old machine and the technological advances that the 

new machine will possess. For practical purposes, this 

indicates an increasing annual cost due to the saving 

missed by not purchasing the new and better machine [ 1 2 ] . 

Bobby Lee Cape in his Master's thesis at Texas 

Technological College, "Evaluation of Economic Alternatives 
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Under Inflation," developed models for the basic interest 

and annuity relationships considering a factor of infla-

tion. Cape came to the conclusion that inflation does have 

a critical effect on the breakeven points of various eco-

nomic alternatives, and therefore is essential in the 

evaluation of economic proposals [ 2 ] , 

Cape was concerned only with the development of 

the basic standard interest formulas considering a 

factor for inflationo In his concluding remarks, Cape 

stated that further research needs to be conducted con-

sidering the effects of productivity in the area which 

he investigated. Since productivity definitely works 

to offset inflation, he suggested that the basic interest 

and annuity relationships be developed with a factor for 

productivity. The factor of productivity cannot be 

considered in all standard interest relationships simply 

because it will not apply in all caseSo For example, 

productivity has no bearing in the case where a person 

hoards his money, i,eo, the productivity rate is zero. 

Obviously, if a person hides his money in a mattress he 

cannot take advantage of a positive rate of change in 

productivity to offset its decreasing purchasing power 

due to inflation. Therefore, this thesis is concerned 

only with those areas where inflation and productivity 

can be incorporated as variables. 



The Future of Inflation and Productivity 
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Most economists agree that inflation has become a 

major factor of our economy, It is generally accepted 

that when an economy is prosperous, and unemployment is 

low, inflation is bound to be present. Graham Hutton 

says, "full employment and inflation still seem to be 

synonymouSo" [7] He further believes that there are 

three trends in society that keep prices rising steadily; 

they are: 

(1) The lengthening of the expectation of 
individual lives at birth by applications of 
medical science all over the globe, simultaneouslyo 

(2) The simultaneous demands all over the 
globe due to technical progress in communications, 
etcetera, and for rapid increases in productive 
capital per man. 

(3) The simultaneous demands all over the 
globe due to these and other reasons, for equally 
rapid increases in consumption per man, [7] 

Increasing consumer and wholesale prices have 

been well documented for the past half century in the 

United States. Willard Thorp and Richard Quandt in their 

book, The New Inflation, state: 

Consumer prices have been steadily rising 
for the past sixty years, but not steadily or 
evenly. They were fairly stable for eight years 
from 1922 to 1930, for five years from 1936 to 
1941, and for three years from mid 1953 to mid 
1956. They dropped after 1920 by about 20% and 
slightly more in the early 1930's. Since then 
however, they have been rising, and the only 
notable drop was one in 1948, when the decline 
was less than 5%. The Wholesale Price Index has 
a much more erratic record, but it also has been 
climbing step by step since 1933. Since the end 
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of World War II, the implicit GNP deflator has 
increased eyery year, regardless of the shape 
taken by monetary or fiscal policy. [14] 

No one knows for sure at what rate inflation will 

increase in the future„ Most economists, basing their 

predictions on past data and trends, believe that infla-

tion wtll continue at an average rate of approximately 2% 

per year compounded annually. 

Productivity is a major factor in the change in 

Gross National Product (GNP) of our nation, The GNP in 

1966 was over $740 billion. The United States Bureau of 

Labor Statistics estimates that the GNP for the year 

2000 will be $2000 billion, expressed in 1959 priceSo 

This growth in GNP represents an average annual increase 

of 3.5% measured from the last full employment period 

of 1955 through 1957. As in the past, the rise in the 

nation's output will be greatly due to a higher pro-

ductivity obtained by increased utilization of resources 

and increased efficiency in resource use [18]» 

Mr. A, J. Goldenthal of the United States Depart-

ment of Labor believes that the productivity phenomenon 

will play the principal role in the growth of the GNP of 

our nation. The factors underlying the productivity 

movement in the United States are advances in technology, 

better management techniques, higher education standards, 

rising standards of health, economics of scale and im-

proved financial stability of the economy [ 1 8 ] . 
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"The Economic Report of the President" states that 

the economic potential of the nation may grow at a faster 

rate in the future if the productivity trend increases. The 

productivity trend could increase because of two develop-

ments, 

The first development being: 

About one-third of the manufacturing equip-
ment in use today is less than three years old, 
compared with one-fourth at the beginning of 
1964. When much of our capital stock is new, the 
production process will incorporate many of the 
latest technological advances, Hence, much of 
the productivity bonus of the recent capital boom 
may still lie ahead. [19] 

The second development being: 

The use of active manpower policies can 
make a significant contribution to the improve-
ment of the quality of the labor force, and thus 
to productivity, [19] 

"The Economic Report of the President" described 

a favorable picture of the productive climate in the 

United States. Many noted economists have the same 

opinion about the productive capacity of our economy-

Graham Hutton writes: 

The 
output by 
bear the 
forei gner 
Advisors 
0 f d 0 u b 1 i 
years was 
economi c 
physi cal 
1960, or 

Ther 
conti nue, 
developme 

United States expanded i ts i n d u s t n a l 
25% between 1950 and 1955 in order to 

burdens of defense and of aid to 
s. The President's Council of Economic 
assured him that such expansion on top 
ng industrial output in the preceding ten 
well within the capacity of the American 

system. That means an increase in 
industrial output of 50% between 1950 and 
of 100% between 1950 and 1970, 
e is no reason why that rate should not 
either for defense or for civilian 

nto American industrial output has 
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roughly doubled between 1939 and 1950. In the last 
hundred years the total American output has roughly 
doubled every twenty-five years, and by 1975 it 
is expected to double its volume of 1950, [8] 

Professor Solomon Fabricant in his article, Basic 

Facts of Productivity Change, states: 

The rise in produ 
industrial phenomenon. 
industry for which a r 
be calculated shows an 
per man hour, and this 
true of output per uni 
output per unit of lab 

Though virtually 
in productivity, there 
them in average rate o 
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Very much 1ike the condition of inflation, no 

one truly knows at what rate productivity will contlnue 

to increase. The economists are in general agreement that 

in the future productivity w i U increase at an average 

rate of about 3% per year, 

The mathematical relationshlps that consider 
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i n f l a t i o n and p r o d u c t i v i t y as counterac t ing fac to rs w i l l b( 

developed in the f o l l o w i n g chapter . 



CHAPTER III 

ASSUMPTIONS AND MATHEMATICAL RELATIONSHIPS 

In this thesis, inflation is considered to be 

the uniform and constant rise in the national price 

level index, or the regular and steady rate which de-

creases the purchasing power of the dollar. Similar to 

inflation, productivity is assumed to be uniform and 

constant over time. Also, the rate of change in pro-

ductivity is to be treated on an individual firm basis. 

The practical effectiveness of this study is somewhat 

limited by assuming inflation and productivity to be 

uniform over time. In reality, this does not always 

hold true since inflation and productivity can be 

either constant or fluctuating, 

This entire study is related to an industrial 

situation in which a firm or individual invests funds 

into an enterprise and thereby becomes part owner, 

The serious investor has placed his money in the 

enterprise for several valid reasons. He most likely 

feels that from past performance, the efficient equip-

ment that is in operation, the capable labor force, and 

the intelligent management, that this is a sound and 

profitable investment, Because this enterprise has a 

19 
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highly favorable rating in all the phases involved in 

production, the investor is \/ery optimistic that its 

rate of change in productivity will continue to increase 

As a result, the enterprise's profit potential increases 

and the growth in the true or real worth of the enter-

prise will become greater. The initial investment will 

therefore continue to increase accordinglyo 

The purpose of the mathematical relationships 

that are to be developed is to help an investor analyze 

a prospective investment under various alternative con-

ditions and rates of inflation and productivity. By 

considering different combinations of rates of infla-

tion and productivity, the investor is better able to 

determine what the "real" earnings or losses of an 

investment might be and will be able to evaluate the 

breakeven point of the investment. 

The following discussion is an explanation of 

the other factors involved in the mathematical develop-

mento The presence of inflation in our economy will 

be thought of and treated in two separate ways in this 

study, First, inflation is to be treated as the rate 

at which the purchasing power of money is decreasingo 

Secondly, inflation is to be treated as the rate at 

which the national price level index is rising. For 

example, if one purchases a diamond today, ten years 

from hence due to inflation the numerical dollar 
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worth of the diamond will have increased; but, the amount 

of goods and services it will buy at that time will have 

remained constant. By treating inflation in these two 

manners its full effect on an investment can be determined. 

Included in this study is a factor known as the 

"cost rate of acquiring the funds for investment." The 

original invested capital, in all cases, can be assumed 

to be borrowed from a bank at a definite interest rate. 

In order to determine what the true gain is from the 

investment, this factor is included in the study. 

Another variable that is included in the study 

is known as the "earned dividend return rateo" This 

factor is a rate of return which the investor will 

receive for having invested his funds, in addition to 

the growth in the real value of the investmento This 

factor can be compared to the dividends an individual 

receives from owning stock in a company. The "earned 

dividend return rate" will enter only those develop-

ments where it is applicable. 

The last factor that wi11 be examined in this 

study is the variable known as the "assumed ^ate of 

return from an investment^" This variable is included 

so that the often used term in economic analysis of 

"return from an investment" can be investigated in 

relation to the factor of inflation. All large corpora-

tions use some form of "Capital Budgeting" to analyze 
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and rank possible investment alternatives placed before 

them each year. According to George A. Taylor: 

Capital Budgeting is the organized process of a 
firm which generates prospective investment 
alternatives , evaluates each individual alterna-
tive, ranks all of the alternatives by some 
established criteria, seeks out sources of 
capital and its cost, and finally distributes 
the available capitaí to the most desirable 
investment alternatives. [11] 

Although the "return from and investment" is not 

the only criteria used to judge investment alternatives, 

nevertheless, it is a highly important factor and 

therefore deserves investigation in relation to infla-

t i 0 n . 

T h e s y m b o l s b e l o w w i l l be u s e d t h r o u g h o u t t h i s 

t h e s i s: 

m 

L 

i 

the r a t e (% x 1 0 0 ) o f c h a n g e in p r o -

d u c t i v i t y ( t h e r a t e o f g r o w t h in t h e 

t r u e or real w o r t h of an e n t e r p r i s e ) 

the r a t e (% x 1 0 0 ) of i n f l a t i o n ( t h e 

r a t e at w h i c h the p u r c h a s l n g p o w e r of 

t h e d o l l a r 1s d e c r e a s i n g , or the r a t e 

o f i n c r e a s e in t h e n a t i o n a l p r i c e l e v e l 

i n d e x ) 

t h e c o s t r a t e (% x 1 0 0 ) f o r a c q u i r i n g 

f u n d s f o r i n v e s t m e n t 

t h e e a r n e d d i v i d e n d r e t u r n r a t e (% x 1 0 0 ) 

the assumed rate (% x 100) of return from 

an investment 
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n 

S 

the actual annual rate (% x 100) of return 

from an investment 

the number of time periods considered 

the amount of purchasing power at some 

reference time 

S^ = the purchasing power after "n" time periods 

e = the base of the natural system of loga-

rithms, its value is 2.71828. 

The entire mathematical development of this thesis 

will be handled in a form that is known as the "Purchasing 

Power Analysis," Under this method of analysis a point 

is defined in time. At this defined point, a dollar is 

considered to have a purchasing power of one unit (1.00). 

All mathematical calculations are made with reference 

to this defined point in time, 

For example, one dollar today is assumed to 

have a purchasing power of one unit, (1,00). Inflation 

is assumed to occur at the rate of 2% per year com-

pounded annuallyo As a result, ten years hence the 

dollar will have only ,82035 units of purchaslng power, 

Cape, in his thesis [ 2 ] , developed the expression 

depicting the above, which is: 

S. 

n (1 + k ) " 
[1] 
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Using the above relationship the calculation is: 

Example 1 . 

k 

n 

$1.00 

2% per year compounded annually 

10 years. 

1.00 
n (1 + .02) TTT 

S^ = .82035 

Ten years from now, due to an annual rate of inflation 

of 2%, the d o U a r ' s purchasing power will have shrunk 

to .82035 units in terms of today's purchasing power. 

This form analysis will be utilized throughout 

all the mathematical developments. 

In the Capital Budgeting process a firm can 

establish that a certain investment will have a specific 

rate (% x 100) of return, and that this rate of return 

is compounded annually. Therefore, after a number of 

time periods have elapsed the numerical value of the 

investment will have increased by the compounded amount. 

H. Go Thuesen and W. 0. Fabrycky in their book, 

Engineering Economy, develop a relationship which 

depicts the above investment case. Using the variable 

names stated previously in this chapter, the relation-

s h i p i s : 

n 
s, (1 + i) ! \n [2] 
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This relationship only holds true for a stable economy 

where inflation is not present. 

If one assumes that inflation will continue at a 

certain rate during the period of the investment, then 

the real worth of the investment (in terms of time zero 

purchasing power) is somewhat less than the calculated 

value of expression 2. By combining expressions 1 and 

2 one can determine what the purchasing power of the 

investment will be at some future date, The expression 

is: 

n 

S Q ( T + i ) " 

(1 + k ) " 
[3] 

In some circumstances an investor might want 

to know exactly what the actual annual rate of return 

from an investment is, The following expression, 

similar to expression 2, depicts the relation between an 

initial amount of invested funds and the investment's 

future purchasing power after n yearSo 

Where: r 

n 

the actual annual rate of return 

Sod ' ^ ) " [4] 

Dividing each side of the equation by S and extracting 
J. L. 

the n root, it becomes: 

n 

"^ = 1 + r_ 
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Solving for r , the expression becomes: 

1 
n 

- 1 [5] 

With this expression, the investor can determine 

what the "actual annual rate of return" from a potential 

investment might be, Using the results from expression 

1, where inflation was assumed to be at an annual rat'e 

of 2%, and substituting those values into the above 

expression, the result is: 

1 

.82035 \ ^ - 1 
l.OÔ j 

r^ = .9804 - 1 a 

r^ = -.0196 = - 1.96% 

From this outcome, one can deduce that an annual infla-

tion rate of 2% results in a negative "actual rate of 

return" of - 1.96% to the purchasing power of the dollar. 

A different but related form of analysis could 

be utilized where inflation is consldered to be a nega-

tive rate of returne The development for this expression 

is as follows: After one time period has elapsed, the 

purchasing power of the dollar will have decreased by 

what the actual rate (% x 100) of inflation has been 

during that period. Therefore: 



Where: k^ = actual rate of inflation 

Si = S^ - S^k 
I 0 0 a 

This becomes: 

'o n - ̂ a) 

After two time periods have elapsed, the result i s : 

2̂ = ^ - \K - ô (1 - kJ k a' a 

This becomes: 

S. (1 - k ) 
0 ^ a' 

After "n" time periods have elapsed, the expression is: 

27 

^n - 'o (̂  - ^ ) " [6] 

The actual rate of inflation (k^) that is shown 
a 

in expression 6 can be calculated in the following 

manner, Since expressions 1 and 6 are both equal to 

S , they can be equated to each other: 

(1 + k) n 
\ (1 - k^)" 

Dividing by S : 

(1 + k)" 
(1 - k^)" 

th 
Taking the n root of the equation: 

, ^ - (1 - k ) 
(1 + k) ^ 
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Solving for k , the expression is: 

(1 + k) 

Once more, substituting the annual rate of inflation, 2% 

into the above expression, the result is: 

.02 

(1 + .02) 

.0196 = 1.96% 

Substituting the effective rate of inflation into expres 

sion 6, which considers inflation as a negative rate of 

return: 

n 

n 

1.00 (1 - .0196) 

.82035 

10 

This result is the same as previously obtained. There-

fore, this form of analysis, expression 5, could be used 

instead of the previous method mentioned, expression 1, 

if what has been termed in this thesis as the "actual 

rate of inflation" is known or calculated. For the 

sake of simplicity, expression 1 will be utilized in the 

following mathematical developments. 

The Alternative Conditions of Investment 

The various alternative conditions of investment 

under study in this thesis may be stated as follows: 

Model I - This model considers inflation only as the 

rate at which it decreases the purchasing power of money. 
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Productivity is assumed to be the rate of growth in the 

real worth of an enterprise. 

Alternative I - A firm or individual can invest money on 

the assumption that at sometime in the future it can 

expect to receive the original sum plus an additional 

amount due to a positive rate of change in productivity. 

For example, a capital investment is made for part owner-

ship of an enterprise where a uniform rate of growth in 

the real worth of the enterprise is expected, (positive 

rate of change in productivity). 

Alternative II - A firm or individual may invest money 

on the assumption that at sometime in the future it 

can expect to receive the original sum plus an additional 

amount due to an "earned dividend rate of return" on the 

invested money and an additional amount due to a positive 

rate of change in productivity• For example, a capital 

investment is made for part ownership of an enterprise 

that declares constant yearly dividends, (earned divldend 

rate of return), In addition, a uniform rate of growth 

in the real worth of the enterprise is expected, (a 

positive rate of change in productivity). 

Model II - This model considers inflation in two respects. 

Inflation is the rate at which the purchasing power of 

money decreases, and also the rate at which the national 

price level index rises, The rate of change in pro-

ductivity is assumed to be the uniform rate of growth in 
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the real worth of an enterprise. The price level increases 

of different types of companies can vary considerably« Some 

may increase rapidly over a short period of time while others 

may not advance as quickly, On the other hand, the trend 

could reverse and those that rose rapidly before may decrease 

and those that increased slowly in the past may rise quickly, 

It is assumed in this model that over a long period of time 

the average of the slow or rapid price increases of a partic-

ular firm will be approximately the same as the rate of infla 

tion of the national price level index. This model will 

consider only the "Cost-Push" type of inflation (the con-

stant, steady and regular rise in prices), over a relatively 

long period of time. The model does not attempt to reflect 

a sudden rise in a firm's net worth from increased product 

prices due to limited supply and increased demand for its 

product, ("Demand-Pul1" type of inflation), over a compara-

tively short period of time. 

Alternative I - A firm or individual may invest money on the 

assumption that at sometime in the future it can expect to 

receive the original sum plus an additional amount due to a 

positive rate of change in productivityo 

Alternative II - A firm or individual may invest money, on 

the assumption that at sometime in the future it can expect 

to receive the original sum plus an additional fractional 

amount, due to an earned dividend rate of return on the 

invested capital and an additional amount due to a positive 
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rate of change in productivity. 

The relationships that are to be developed will be 

terms of the "GAIN" from an investment. The following 

symbols will denote the types of "GAIN" from an investment: 

GAIN (n,n) = The gain from an investment after 

GAIN (n,0) 

n years, in terms of the purchasing 

power of money at time n. 

= The gain from an investment after 

n years, in terms of the purchasing 

power of money at some reference 

time "0," 

Model I -- Alternative I 

A firm or individual invests an amount of money 

"S^" in an enterprise at time zero for "n" years. Due to 

the positive rate of change in productivity of the enterprise, 

the investor expects his investment to grow at a rate "m," 

assumed to be compounded annually, The expression for 

annual compounding is (1 + m)"o The cost of acquirlng 

funds for investment is at a rate " j , " also assumed to be 

compounded annually, (1 + j)*^. Inflation is expected to 

decrease the purchasing power of money at a rate "k," 

assumed to be compounded annually, l/(l+k) » Under these 

conditions, what is the gain from the investment after "n" 

years? 

Figure 3ol is a pictorial representation of the 
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Ĵ  
—-̂  
:^ 
+ 

1 — 

'—-
\ 
o 
o 

o 

1 

' ^ 
o 
o 

• 

S- C7) 
fO C C 

I— O • • -
1— T- ^A 
O -(-> fO 

- O fO . c 
I— u 

fO 4 - S- = 
c: 3 " 

M - 1—< Q..ÍÍÉ: 

o = 
i/i 

S- -̂  4-> (U 
OJ +J -r- +-> 
S • . - fO 
o c: <u s-
Q . ^ to 

fO 1 — 
0 ) 0 (U fO 
c: o $- 3 

• 1 - • u c 
tO 1— (U E 
fO X> fO 

. c co 
u •<- o c 
$- -»-> fO 
3 O 
Q . $- - O -l-> 

(U (U fO 
(U N 4-> 

.c u $-
1— <U (U (U 

E Q- S 
•r- X O 
-M (U Q . 

(U 
T 3 
O 

4 -
O 

O 

fO 

(U 
to 
(U 
S-
Q . 
(U 

fO 
•r— 
$ -
O 

-»-> 
u 

CL. 
I 

ro 

C7) 



33 

mathematical relationships involved in Model I, Alterna-

tive I, 

From the pictorial representation of Model I, Alter-

native I the following can be seen: 

The "GAIN" from the investment after "n" years in terms of 

purchasing power at time "n" is: 

GAIN (n,n) = S^(l+m)" - S^(l+j)" 

The "GAIN" from the investment after "n" years in terms of 

purchasing power at time "0" is: 

GAIN (n,0) = [S fl+m)" - S fl+j)"] 1 — 

° ° (1+k)" 

When simplified, the result is: 

S [(1+m)" - (1+j)"] 
GAIN (n,0) = ^ ~ — 

(1+k)" 

Depending on the circumstances and the assumptions 

that the investor makes, the factors of the rate of change 

of productivity, the rate of inflation, and the cost rate 

of acquiring funds for investment can all be either assumed 

to be compounded periodically or continuouslyc 

In the case where all of the factors involved are 

assumed to be compounded continuously, the expresslon 

becomes: 

S [e"'" - e"J'] 
GAIN (n,0) = -Q ^^ 

In the case where the rate of change in productivity 
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and the inflation rate are both assumed to be compounded con 

tinuously, and the cost rate of acquiring funds for Invest-

ment is assumed to be compounded annually, the expression 

becomes: 

Sje""^ - (1+j)"] 
GAIN (n,0 = - 2 — , 

.nk 

In the case where the rate of change in productivity 

is assumed to be compounded continuously, the rate of infla-

tion is assumed to be compounded annually, and the cost of 

acquiring funds for investment is assumed to be compounded 

annually, the expression becomes: 

GAIN = 
S,[e""^ - (1+j)"] 

(1+k)" 

Model I -- Alternative II 

A firm or individual invests an amount of money 

"S " in an enterprise at time zero for "n" years, Due to 
0 "̂  

the positive rate of change in productivity of the enter-

prise, the investor expects his investment to grow at a 

rate "m" assumed to be compounded annuallyo The expression 

for annual compounding is (1+m)". The cost of acquiring 

funds for investment is at a rate " j " assumed to be com-

pounded annually, (l+j)"o The invested funds are assumed to 

earn a dividend rate of return in addition to the growth in 

the value of the investment gained as a result of the posi-

tive rate of change in productivity of the enterpriseo The 
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earned dividend rate of return is simply a yearly dividend 

of a fixed amount that the firm or individual recelves for 

having invested funds in the enterprise, The amount of the 

dividend is determined by the degree of the original invest 

ment and is simply a specific percentage of ito Inflation 

is expected to decrease the purchasing power of money at 

a rate "k" assumed to be compounded annually. The expres-

sion for inflation compounded annually is l/(l+k)". Under 

these conditions, what is the gain from the investment 

after "n" years? 

Figure 3,2 is a pictorial representation of the 

mathematical relationships involved in Model I, Alterna-

tive II, 

From the pictorial representation of Model I, 

Alternative II, the following can be seen: 

The "GAIN" from the investment after "n" years in terms 

of purchasing power at time "n" is: 

GAIN (n,n) = S^(l+m)" - S^(l+j)" + LS^[(1+j)"-l] l 

The "GAIN" from the investment after "n" years in terms 

of purchasing power at time "0" is: 

GAIN (n,0) = [S íl+m)"-S fl+j)"+LS r(l+j)"-l]/j] - - J — -
0 0 u (1+k) 

When simplified the result is: 

S j ( l + m ) " - ( l + j ) " + L[(l+j)"-l] /j] 
GAIN (n,0) = -^ 

(1+k)" 
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As stated previously, depending on the circum-

stances involved and the assumptions that the investor 

makes, the factors of the rate of change in productivity, 

the rate of inflation, the cost rate of acquiring funds 

for investment and the earned rate of return can all be 

either assumed to be compounded periodically or con-

tinuously. 

In the case where all of the factors involved 

are assumed to be compounded continuously, the expression 

becomes: 

S [e""^ - e"J' + (Le"J - L) / (e^ - 1)] 
GAIN (n,0) = -5 ^ 

In the case where the rate of change in pro-

ductivity and the rate of inflation are both assumed to 

be compounded annually, the expression becomes: 

S re"'" - (1+j)" + L [ ( U j ) " - 1] /j] 
GAIN (n,0) = -5 ^ — — 

When the rate of change in productivity is assumed 

to be compounded continuously and the rate of inflation, 

the cost rate of acquiring funds for investment, and the 

earned rate of return are all assumed to be compounded 

annually, the expression is: 

S„ [e""' - (1+j)" + L[(l+j)" - 1] /j] 
GAIN (n.O) = -S 

(1+k)" 
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Model l -- ATternativé I 

This model considers inflation in two respects. In-

flation is the rate at which the purchasing power of money 

decreases and also the rate at which the national price 

level index rises. 

A firm or individual invests an amount of money, 

" S Q , " in an enterprise at time zero for "n" years. Due to 

the positive rate of change in the productivity of the 

enterprise, the investor expects his investment to grow at 

a rate "m" assumed to be compounded annually. The expression 

for annual compounding is (1+m)". The cost of acquiring 

funds for investment is at a rate " j " assumed to be com-

pounded annually, (l+j)"c Inflation is expected to increase 

the national price level index at a rate "k" assumed to be 

compounded annually, (1+k)". If localized "Demand-Pull" 

inflation 1s expected, k' should replace k ln all expres-

sions relating to increased priceSc Also, inflation is 

expected to decrease the purchasing power of money at a rate 

"k" assumed to be compounded annually, l/(l+k) . Under 

these conditions, what is the gain from the investment after 

"n" years? 

Figure 3o3 is a pictorial representation of Model 

II, Alternative I. 

From Figure 3^3 the following can be seen: The 

"GAIN" from the investment after "n" years in terms of 

purchasing power at time "n" is: 
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GAIN (n,n) = S (1+m)" (Uk)" - S (Uj)" 
u 0 

The "GAIN" from the investment after "n" years in terms 

of the purchasing power at time "0" is: 

GAIN (n,0) = S^[(l+m)" (1 + k ) " - S ^ d + j ) " ] 
(1+k)" 

When simplified the result is: 

P.TM f n^ ^ l ^ O + ' " ) " (1 + k ) " - (1+j)"] 
GAIN (n,0) = ° 

(1+k)" 

Once again, depending on the circumstances 

involved and the assumptions that the investor makes, the 

factors of the rate of change in productivity, the rate 

of inflation, and the cost rate of acquiring funds for 

investment can all be either assumed to be compounded 

periodically or continuously. 

In the case where all of the factors involved 

are assumed to be compounded continuously, the expres-

s ion becomes : 

GAIN (n,0) = -^— 

n(m+k) _ gnj-| 

"nT 

When the rate of change in productivity and the 

inflation rate are both assumed to be compounded con-

tinuously, and the cost rate of acquiring funds for 

investment is assumed to be compounded annually, the 

expression becomes: 
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GAIN (n.O) = - ° ^ ^i^ ^ ^' ^ 

In the case where the rate of change in productivity 

is assumed to be compounded continuously, the rate of infla-

tion and the cost rate of acquiring funds for investment 

are assumed to be compounded annually, the expression 

becomes: 

S F e " r . ( U k ) " - (1+j)"] 
GAIN (n,0) = -2 

(1+k)" 

Model II -- Alternative II 

A firm or individual invests an amount of money 

"S " in an enterprise at time zero for "n" yearSo Due 
0 '̂  

to the positive rate of change in the productivity of 

the enterprise, the investor expects his investment 

to grow at a rate "m" assumed to be compounded annually. 

The expression for annual compounding is (1+m) o The 

cost of acquiring funds for investment is at a rate " j " 

assumed to be compounded annually, (1+j) . The invested 

funds are assumed to earn a dividend rate of return, 

in addition to the growth in the value of the invest-

ment, as a result of the positive rate of change in 

the productivity of the enterprise^ The earned divi-

dend rate of return is simply a yearly dividend of a 

fixed amount that the firm or individual receives for 
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having invested funds into the enterprise^ The amount of 

the dividend is a specific percentage of the original 

investment. Inflation is expected to increase the national 

price level index at a rate "k" assumed to be compounded 

annuallyo The expression for inflation compounded 

annually is (l+k)"o Also, inflation is expected to 

decrease the purchasing power of money at a rate "k" 

assumed to be compounded annually, l / ( U k ) " , Under these 

conditions, what is the gain from the investment after 

"n" years? 

Figure 3.4 is a pictorial representation of 

the mathematical relationships involved in Model II, 

Alternative II. 

From the pictorial representation of Model II, 

Alternative II the following is seen: 

The "GAIN" from the investment after "n" years, in terms 

of purchasing power at time "n" is: 

GAIN (n,n) = S^ ( U m ) " (1+k) "-S^ ( U j ) ̂ L S J (Itj ) " - 1 ] ^ 

The "GAIN" from the investment after "n" years, 1n terms 

of purchasing power at time "0" is: 

GAIN (n,0) = [S fl+m)"(l + k)"-S fl+j)" + LS r(l+j)"-l]/j] î—-
0 0 0 (^^l^jn 

When simplified the result is: 

, ^ S [(Um)"(l + k ) " - (1+j)" + (L(l+j)" - L) /j] 
GAIN (n,0) = -^ — — _ _ — 

(1+k)" 
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Again, depending on the circumstances involved and 

the assumptions of the investor, the factors of the rate 

of change in productivity, the rate of inflation, the 

cost rate of acquiring funds for investment and the 

earned rate of return can all be either assumed to be 

compounded periodically or continuously. 

In the case where all factors involved are 

assumed to be compounded continuously, the expression 

becomes: 

GAIN (n,0) = -^ 
S^[en("i+k) m e"J + (Le"J-L)/(eJ-l) ] 

"nr 

When the rate of change in productivity and the 

inflation rate are both assumed to be compounded con-

tinuously, and the cost rate of acquiring funds for 

investment is assumed to be compounded annually, the 

expression becomes: 

S re"("^^k' - ( U j ) " . (L(Uj)"-L) /j] 
GAIN (n,0) = —• ~ ' „[, — - - — 

If the rate of change in productivity is assumed 

to be compounded continuously, and the rate of inflation, 

the cost rate of acquiring funds for investment, and the 

earned rate of return are assumed to be compounded 

annually, the expression is: 

, , S [ e " ^ U k ) " - ( U j ) " + (L(l+j)"-L) /j] 
GAIN (n,0) = - 2 — ^ 

(1+k)" 
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The relationships developed in this chapter are 

illustrated further in Chapter IV by numerical examples 

and a presentation and discussion of the results obtained 

from the computer program written to analyze these 

relationships. 



CHAPTER IV 

ILLUSTRATION AND ANALYSIS OF DEVELOPED RELATIONSHIPS 

This chapter is devoted to the presentation of 

two related areas. The first area consists of i U u s -

trating and giving examples of the mathematical rela-

tionships that have been developed in Chapter III, 

The second area is a presentation, examination and 

discussion of the results obtained from the computer 

program that was written to analyze the developed 

relationships under numerous rates of inflation, rates 

of change in productivity, cost rates of acquiring 

funds for investment, earned dividend rates of return, 

and rates of return from an investment. 

The following examples are presented solely 

for the purpose of explaining, arithmetically, the 

relationships that have been developed previouslyo How 

ever, this presentation can also be assumed to be an 

i U u s t r a t i o n of how a firm or individual might evaluate 

the prof i tabil ity of a prospective investmento In th-ís 

i U u s t r a t i o n the investor uses his own personal intui-

tive judgement or some other means of finding out what 

the rates are of inflation, return from an investment, 

change in productivity, cost of acquiring funds for 

46 
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investment, and earned dividend of return. The purpose 

of this study is not to predict what the various variable 

rates might be, but rather to determine how to incorporate 

these rates once they have been determined by the investor, 

For example purposes, it will be assumed that an 

investor is interested in placing $10,000 in an invest-

ment that is considered to be sound and profitableo The 

investor is interested in answering the following 

question: Ten years from now, what will be the total 

value or potential gain from this investment ln terms 

of the purchasing power of money today? Expression 5 

in Chapter III wi 11 be used in the f o U o w l n g examples 

to determine the actual annual rate of return from the 

investmento 

Example 1 . 

The flrst example illustrates expression 3 developed in 

Chapter III, This equation depicts the relationship 

between the assumed rate of return from an Investment, 

"i," and the rate of Inflation, "k." The rate of 

return from an investment is assumed to be 20%, com-

pounded annually, and the rate of inflation is assumed 

to be 3%, compounded annually. 

$10,000.00; n 10 years 

1 

k 

20%, Compounded Annually 

3%, Compounded Annually 
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Then: 

n 

Substituting: 

n 

The result: S 
n 

S,(l+i)" 

(1+k)" 

10,000.00 (l+.20)^^ 

(l+o03) 

$46,072.33 

VT 

Using expression 5, developed in Chapter III, the 

actual annual rate of return from the investment can be 

calculated: 
1 
n 

n - 1 

Substituting the values obtained: 

46,072.33 

10,000.00 

1 

- 1 

The result is: 

.16505 16.505% Actual Annual Rate 
— of Return from the 

investment 

From Example 1 it can be seen that if an investor 

assumes a 20% return on an investment and inflation con-

tinues at a rate of 3%, the actual annual rate of return 

from the investment is 16.505%. 

In order to iUustrate and compare the results 

of the relationships developed under the alternative 

conditions of investment in Models I and II, stated in 
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Chapter III, the same variable rates w i U be used in all 

of the f o U o w i n g examples. The conditions of investment 

are assumed to be as follows: the rate of inflation "k" 

is 3%; the positive rate of change in productivity "m" 

of the enterprise is 5%; the cost rate of acquiring 

funds for investment " j " is 4%; and the earned rate 

of return "L" is 3%, A U of the variable rates are 

to be compounded annually, 

Example 2, 

The second example iUustrates the equation 

developed under the conditions of Model I, Alternative 

I, This expression shows the relationship between the 

positive rate of change in productivity "m," the cost 

rate of acquiring funds for investment " j , " and the 

rate of inf1ation "k," 

$10,000.00; n 10 years 

k = 3% Compounded Annually 

m = 5% Compounded Annually 

j = 4% Compounded Annually 

Then: 

S ^ [ ( U m ) " - (1+j)"] 
GAIN (n,0) = -^ 

Substituting: 

GAIN (10,0)= 

(1+k)" 

10,000.00[(l+,05)^^-(l+.04)^^] 

(1+.03) VT 
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The result: GAIN (10,0) = $1,106.10 

To find the actual annual rate of return: 

n S Q + GAIN (10,0) 

$10,000.00 + $1 ,106.10 

$11,106,10 

Then 1 
.n 

n 
^ ' - ' 

11,106.10 
10,000.00 

1 
JÔ 

- 1 

1,10610 ) 

1 
TÔ" - 1 

The result: 

1 .01055 - 1 

o01055 = 1,055% Actual Annual Rate of 
— Return from investment 

From example 2 it can be seen that under the 

conditions stated the "GAIN" from the investment is 

$1,106„10. This "GAIN" represents an actual annual rate 

of return from the investment of 1,055%. 

Example 3, 

The third example illustrates the equation 

developed under the conditions of Model I, Alternative II 

The expression depicts the relationship between the posi-

tive rate of change in productivity "m," the cost rate 

of acquiring funds for investment " j , " the earned divi-

dend rate of return "L," and the rate of inflation "k." 
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$10,000,00; n 10 years 

k 

m 

J 

L 

3% Compounded Annually 

5% Compounded Annually 

4% Compounded Annually 

3% Compounded Annually 

Then : 

, ^ S [(1+m)" - (1+j)" + L[(l+j)" - 1] /j] 
GAIN (n,0) = -° — 

(1+k)" 

Substituting: 

GAIN (10 0)-1 0 »000[ ( U . 05) ̂ Q-(U.04)^^+.03[(1 + . 04)^^-1] /.03] 

The result: 

GAIN (10,0) = $3,786.20 

To find the actual rate of return: 

n 
S + Gain (10,0) 
0 

$10,000.00 + $3,786.20 

$13,786.20 
Then: 1 

n 

r 
n -1 

Substi tuting: 

13,786,20 
10,ÔÛÛ.OO 

1 
TU 

-1 

1 

( 1 , 3 7 8 9 2 ) ^ -1 

The result: r 3.263% Actual Annual Rate of Return 
from the investment 
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From Example 3 it can be seen that the "GAIN" from 

the investment, under the conditions stated, is $3,786.20. 

This "GAIN" represents an actual annual rate of return 

from the investment of 3.263%. 

Example 4. 

The fourth example illustrates the equation 

developed under the conditions of Model II, Alternative I. 

The equation shows the relationship between the positive 

rate of change in productivity "m," the cost rate of 

acquiring funds for investment "j," and the rate of 

inflation "k," also treated as the rise in the national 

price level index. 

$10,000,00; n 10 years 

k 

m 

j 

3% Compounded Annually 

5% Compounded Annually 

4% Compounded Annually 

Then: 

Sj(l+m)"(l + k) " - (Uj)"] 
GAIN (n,0) = - 2 — ~ -^ — 

(1+k)" 
Substituting: 

GAIN (10 0) = 10»0Q0[(1 + -Q5)^°(1 + .03)^Q-(1 + .04)^Q] 
(U.03) '" 

The result: 

GAIN (10,0) = $5,274.54 

To find the actual annual rate of return: 
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T h e n : 

n S Q + GAIN (10,0) 

$10,000.00 + $5,274.54 

$15,274.54 

1 
n 

n c^ - 1 

Substi tuting : 

15,274.54 
I0,000o00 

1,04327 - 1 

1 

- 1 = 

1 

(1.527454)^^ - 1 

r^ = .04327 = 4.327% Actual Annual Rate of 

— Return from investment 

Under the conditions stated, the "GAIN" from an 

investment in Example 4 is $5,274,54, This "GAIN" repre-

sents an actual annual rate of return from the investment 

of 4.327%. 

Example 5. 

The fifth example illustrates the equation 

developed under the conditions of Model II, Alternative II, 

The expression shows the relationship between the positive 

rate of change in productivity "m," the cost rate of 

acquiring funds for investment " j , " the earned dividend 

rate of return "L," and the rate of inflation "k," also 

treated as the rise in the national price level index, 

S^ = $10,000,00; n = 10 years 

k = 3% Compounded Annually 



54 

m = 5% Compounded Annually 

j = 4% Compounded Annually 

L = 3% Compounded Annually 

Then 
, ^ S [ ( U m ) ^ l + k)"-(l+j)"+L[(l+j)"-l] /j] 

GAIN (n,0) = Q 

(1+k)" 

Substituting: 

GAIN (10,0) 

= 10,Q00[(l+c05)^"(U.03)^^-(l+o04)^^+.03[(l+,04)^^-l]/,04 

The result: GAIN (10,0) = $7,954,64 

To find the actual annual rate of return: 

S^ = SQ + GAIN (10,0) 

= $10,000,00 + $7,954e64 

= $17,954,64 

Then: 1_ 
n 

n - 1 

Substituting: 

17,954.64 
To,ooo.uu 

1 
.TÔ 

- 1 

(1 .795464) 

1 
TÔ - 1 

r = 6.027% Actual Annual Rate of Return 
^ from the investment 

The "GAIN" from the investment under the condi-

tions stated in Example 5 1s $7,954<.64. This "GAIN" 
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represents an actual annual rate of return from the invest-

ment of 6.027%. 

When the results from the example of Model I, 

Alternative I are compared with those from Model I, Alterna 

tive II, the second alternative's gain is much greater 

than the first alternative, The reason for the large 

difference is the introduction of the "earned dividend 

rate of return" factor in the second alternative, For 

the conditions stated in the example, the "earned dividend 

rate of return" factor to a great extent offsets the 

negative effect of the "cost rate of acquiring funds for 

investment." 

If the results from Model II, Alternative II are 

compared to the results from the examples of the other 

three al ternatives, in eyery instance they greatly 

exceed the others, The reason for the large difference 

between this alternative and the others is due to the 

introduction of two separate factors. These factors 

are the "earned dividend rate of return" and "inflation," 

considered as the rate at which the national price level 

index is rising, 

From these examples, it can be seen that great 

care must be exercised by the investor in selecting the 

conditions and rates involved in evaluating the profit-

ability of a prospective investment, 

The remaining part of this chapter wi11 be 



56 

devoted to examining, graphically, the developed relation-

ships for various ranges of rates for inflation, the return 

on investment, the change in productivity, the cost of 

acquiring funds for investment, and the earned dividend 

rate of return. A computer program has been written to 

analyze the relationships using FORTRAN IV language for 

the IBM 7040 system. (Appendix A) 

The variable ranges studies are as f o U o w s : infla-

tion ranged from 3% to 5%; the rate of return from invest-

ment ranged from 2% to 20%; the rate of change in pro-

ductivity ranged from 2% to 6%; the cost rate of 

acquiring funds for investment ranged from 3% to 5%; 

and the earned dividend rate of return ranged from 3% 

to 5%. 

From the data generated by the computer analysis, 

a family of curves has been plotted for each individual 

relationshipo The graphical representation of the data 

portrays the general trends of each relationship under 

varying conditionSo 

Figures 4,1 and 4o2 graphically portray the 

results of the analysis of Expression 3 in Chapter III. 

This expression depicts the relationship between an 

assumed rate of return from an investment, "i," and the 

rate of inflation, "k." The initial invested capital 

is assumed to be $10,000, Figures 4.1 and 4,2 show 

the growth of the initial invested capital for rates 
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Fig. 4.2--A graphical representation of the results 
from the analysis of Equation 3 which depicts the rela-
tionship between an assumed rate of return from an 
investment, (i), and the rate of inflation, (k). 
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of return from an investment, "i," of 4, 8, 12, 16, and 

20%. The only difference between the two figures is 

the assumed rate of inflation, "k," 

The rate of inflation, "k," used in Figure 4.1 

is 2%, while the rate used in Figure 4.2 is 4%, It 

can easily be noticed by examining the two figures that 

the difference of 2% in the assumed rate of inflation 

of Figures 4,1 and 4.2 has a severe effect on the out-

come of a potential investment, From Figure 4.1 it 

can be seen that under the assumed rate of return from 

an investment of 20%, and an assumed rate of inflation 

of 2%, the purchasing power of the investment after 10 

years is $50,793.80. This amount represents an actual 

annual rate of return from the investment of 17,647%. 

In direct contrast to this, from Figure 4,2, under an 

assumed rate of return from an investment of 20% and an 

assumed rate of inflation of 4%, the purchasing power 

of the investment after 10 years is only $41,829.15. 

This amount represents an actual annual rate of return 

from the investment of 15.385%. The differences in 

the actual annual rates of return of Figures 4.1 and 

4.2 w i U be discussed in greater detail in the con-

clusions of Chapter V. 

Figure 4,3 shows the dlrection and degree of 

growth or loss of an investment for the relationships 

developed under Model I, Alternative I. The beginning 
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Fig. 4,3--A graphical representation of the results 
from the analysis of Model I, Alternative I which depicts 
the relationship between the rate of change in productivity, 
rate of inflation, and a constant cost rate of acquiring 
funds for investment. 
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invested funds, similar to the examples of the last 

section, for all graphs in this section is assumed to 

be $10,000, Looking at Figure 4,3, it is easily seen 

what the potential gain from an investment w i U be under 

varying rates of inflation and rates of change in pro-

ductivity, The cost rate of acquiring funds for invest-

ment has been held constant at 4% for the remaining 

graphs in this section, From Figure 4,3 it is seen 

that a rate of change in productivity, "m," of 6% and 

an inflation rate, "k," of 2%, the potential gain in 

purchasing power from the investment after 10 years w i U 

be $2,548.03, While on the other hand, if the rate of 

change in productivity, "m," is 2% and the rate of 

inflation, "k," is 2%, the investment after 10 years 

could sustain a loss of purchasing power of $2,143.16. 

From the same figure, it is also noticed that the greatest 

gain occurs when the rate of change in productivity is 

5% and the inflation rate is 2%. It would seem that 

the greatest loss would occur when the rate of change in 

productivity is at its lowest of 2% and inflation is at 

its largest rate of 4%; but this is not the case. The 

greatest loss occurs when the rate of change in pro-

ductivity is lowest at 2% and inflation is also at its 

lowest rate, 2%. This result is due to the manner in 

which inflation is treated in this alternative. The 

higher inflation rate in this relationship actually 
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prevents the loss from being as large as it could be, This 

occurrence will be discussed further in the concluding 

remarks in Chapter V. 

Figure 4.4 depicts the growth of an investment 

for the conditions stated under Model I, Alternative II. 

Glancing at the figure, it is noticed that for the range 

of variable rates shown in this figure, at no time does 

a loss occur from the investment. The results shown in 

Figure 4.4 are quite different from those results of 

Model I, Alternative I, illustrated in Figure 4o3. 

Substantial losses occur in Figure 4,3 for the same 

variable ranges investigated in Figure 4^4, The reason 

for the noticeable difference in the two alternatives 

is due to the introduction of the earned dividend rate 

of return factor in Model I, Alternative II. The 

earned dividend rate of return, being a positive rate 

or return to the investor for having invested his money, 

counteracts, to a large degree, the negative effect of 

the cost of acquiring funds for Investment factor^ The 

earned divldend rate of return can be thought of as 

being used to slowly pay back and reduce the principal 

and cost of acquiring funds for the original investment, 

The earned dividend rate of return for Figure 4.4, and 

other applicable figures in this chapter, has been 

held constant at 3%. 

The results from the computer analysis of the 
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Fig. 4.4--A graphical representation of the 
results from the analysis of Model I, Alternative II 
which depicts the relationship between the rate of 
change 1n productivity, rate of inflation, a con-
stant cost rate of acquiring funds for investment, 
and a constant earned dividend rate of return. 
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developed relationships of Model II, Alternative I are 

graphically portrayed in Figure 4.5. By comparing these 

figures with those of the first two alternatives, it is 

noticed that the gain from the investment is much greater 

under this alternative when a high rate of change in 

productivity, "m," ís present. With a rate of change 

in productivity, "m," of 6%, and an inflation rate, "k," 

of 4% the gain in purchasing power from the investment 

under Model I, Alternative I is $2,098.33; under Model I, 

Alternative II is $4,531.59; and under Model II, Alterna-

tive I is $7,908.47. The large increase in the gain 

from the investment in this alternative is due to the 

manner in which the factor of inflation is treated. 

The first two alternatives treat inflation only as the 

rate at which the purchasing power of money is decreasing. 

In this alternative the inflation rate 1s not only 

considered as decreasing the purchaslngrpower of money, 

but also as the rate of rise in the national price level 

index, 

Looking at Figures 4,3, 4,4 and 4,5 it is also 

seen that the greatest gain under Model I, Alternative 

I and Model I, Alternative II occurs when the infla-

tion rate, "k," is lowesto On the other hand, in 

Model II, Alternative I, the greatest gain occurs when 

inflation is at its highest rate, This is also a 

result of treating the inflation rate as the rate of 
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Fig, 4o5--A graphical representation of the results 
from the analysis of Model II, Alternative I which depicts 
the relationship between the rate of change in productivity, 
rate of inflation, and a constant cost rate of acquiring 
funds for investment. 
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rise in the national price level index, 

Figure 4.6 shows what the gain from an invest-

ment might be under the developed relationship of 

Model II, Alternative II. By examining the figures, it 

can be concluded that the potential gain from an invest^ 

ment is greatest under the conditions of this alterna-

tive, more so than any of the three alternatlves 

previously discussed, With a rate of change in pro-

ductivity, "m," of 6% and an inflation rate, "k," of 

4%, the potential gain from an investment as seen in 

Figure 4,4 is $10,341.74o This large gain is due to 

two factors that have been mentioned before but have 

not been combined until the development of the mathe-

matical relationships under the conditions of Model II, 

Alternative I K The two factors are the earned rate 

of return, "L," and the treatment of inflation, "k," 

as the rate of rise in the national price level index, 

Their effects on an investment have been previously 

examined in the discussions of Figures 4.2 and 4,3 

where the two factors were originally and separately 

introduced. 

The two factors have exactly the same effect on 

an investment under the conditions of Model II, Alterna 

tive II as they had under Model I, Alternative II, and 

Model II, Alternative I. In this alternative, however, 

their effects are added together; whereas before, the 
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two factors were not combined in one mathematical expression, 

A further discussion of the results and conclusions 

of this study is presented in Chapter V, 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

The relationships between the factors of infla-

tion and productivity, under the assumptions stated in 

this thesis, are developed and shown in Chapter III, 

The graphical presentation and discussion of the results 

from the computer programs, written to analyze the 

developed relationships for various ranges of variable 

rates, are shown in Chapter IV. A summary of this 

investigation and the concluding remarks, based on 

the material presented in the preceding chapters, are 

included in this final chapter. 

General Summary 

Originally, this investigation set out to incor-

porate factors of inflation and productivity into the 

widely used standard interest and annuity relationships, 

However, in attempting to develop and incorporate these 

factors into the standard interest and annuity relation-

shlps, a severe and limiting problem was confronted, 

Productivity, unlike such factors as interest and infla-

tion, cannot be treated mathematically in the same sense 

when attempting to evaluate what the future or present 
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worth is on invested funds. Productivity, being associated 

with production, is a measure of the volume of output in 

relation to the amount of input to all phases of produc-

tion, Therefore, the factor of productivity has been 

treated under the following assumption in this study. If 

an enterprise has a positive rate of change in productivity 

annually, 'ft therefore produces more goods and services 

from the same or less amounts of Input to production 

each y e a r : T h i s being the case, the enterprise's real or 

true tota worth is certain to increase yearly, relative 

to its rate of change in productivity. The rate of change 

in producttvity 1s therefore, indirectly related to the 

rate of growth in the real worth of an investment made in 

a productTve enterprise, 

Under the assumption just mentioned, four basic 

mathematical relationships were developed. Three special 

cases were generated under each of the four basic rela-

tionshipSo The basic relationships depict four alterna-

tive methods with which a prospective investment in an 

enterprise could be evaluated to determine its potential 

profitabi1ity under various rates of inflation, change in 

productivity, cost of acquiring funds for investment and 

earned dividend returns, 

The relationships that were developed under the 

alternative conditions of Models I and II attempted to 

express the mathematical relationship between the various 
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conditions which are involved in an investment and the 

effect these conditions have on the growth of the investment, 

Expression 3, which was developed in Chapter III, 

simply combined all of the variables involved in an invest-

ment and ca led this the rate of return from an investment, 

Therefore,'Expression 3 merely expresses the relationship 

between an assumed rate of return from an investment, the 

rate of inflation, and the effect these two factors have 

on the growth of the investment, 

As an aid in analyzing an investment under the 

developed relationships, an expression was developed 

which allows the investor to determine what the actual 

annual rate of return might be from a potential invest-

ment, The expression, as stated previously, is: 

1 

a 0 

This expression simply changes the n u m e n c a l 

"GAIN" from an investment evaluated by any of the four 

basic developed relationships into a different form, The 

answer in this expresslon tells the investor, in percent-

age form, (%), what the yearly rate of return is from 

a prospective investmento 

Concluslons 

It was seen in Chapter IV that the various rates 

of inflation, return from investment, change in productivity, 
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cost of acquiring funds for investment, and earned dividend 

returns do have a highly significant effect on the outcome 

of the evaluation of a prospective investment, Also from 

Chapter IV, it is noticed that the addition or omission 

of any o n e o f the variables just mentioned had an 

immensely significant effect on the evaluated potential 

profitabi1ity of the prospective investment, Therefore, 

it is quite evident that extreme care must be exercised 

by the investor when selecting and determining what 

variables are involved in the potential investment and 

what the rates are of those selected variables, 

By examining Figure 4,1 in Chapter IV, it can be 

seen that if, for example, funds are invested under an 

assumed rate of return of 20% and the rate of inflation 

continues at 2%, then, the actual annual rate of return 

from the investment is 17o647%. This represents an 

actual loss from the rate of return of 2,353%. Figure 

4.2 shows that if an assumed rate of return from an 

investment is 20% and the rate of inflation is 4%, then 

the actual annual rate of return on the investment is 

15.385%, This depicts an actual loss in the rate of 

return of 4,615%, This trend can also be notlced for the 

other various assumed rates of return from an investment 

shown in Figures 4ol and 4.2= 

These occurrences prove that under the assumption 

made in this thesis that the rate of inflation cannot 
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simply be subtracted from the assumed rate of return from 

an investment to arrive at the actual annual rate of 

return. This fact can be of significant importance in 

the "Capital Budgeting" procedures of a large corpora-

tion where large amounts of capital are sometimes in-

vested in projects that have narrow or limited profit 

margi ns, 

Referring once more to Chapter IV, it was 

noticed in Figure 4,3, which illustrates Model I, Alterna-

tive I, that under the conditions of investment where a 

loss would occur, the higher rate of inflation a c t u a U y 

prevented the loss from being as great as it could have 

been, If the high or low inflation rates were not con-

sidered in the calculations, the loss would have been 

identically the same in both cases« However, when con-

sidering inflation, the higher inflation rate decreased 

the purchasing power of the loss to a greater extentc 

As a result, the degree of loss from the investment under 

the higher rate of inflation was less, Therefore, the 

risk of a loss from an investment is lower under a rela-

tively high rate of inflation. 

Also included in this study is a variable 

referred to as the "cost of acquiring funds for investment," 

It was stated in the assumptions in Chapter III that the 

funds for investment were borrowed from a bank at a specific 

and definite interest rate, If inflation continues during 
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the period of the loan for the investment, the investor 

repays the loan with inflated dollars. In other words, 

the dollars that the investor repays to the bank have 

less actual purchasing power than the original borrowed 

dol1ars. 

It is evident then that from the investor's point 

of view, it is to his advantage to invest funds when a 

degree of inflation exists in the national economy. 

These conclusions support the statement by Thorp and 

Quandt quoted in Chapter I that: "The major argument in 

favor of the hypothesis that inflation promotes economic 

growth is based on the contention that profit expecta-

tions are most favorable in the presence of some degree 

of inflation," [14] 

From Figures 4,3, 4.4, 4,5 and 4.6 it can be 

deduced that an investment should, logically, be made in 

an enterprise where the highest rates of return can be 

expected from the investment due to the positlve rate 

of change 1n productivity and the earned dividend rate 

of return from the enterprise, 

From the preceding discussion it is obvlous 

that in our inflating economy it is to one's advantage 

to invest funds at the highest rate of return available 

in a highly productive, sound enterprise which has a 

positive rate of change in productivity. In doing so, 

the purchasing power of the Invested funds is not only 
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Recommendations for Future Research 
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The following suggestions are possible areas for 

further research, 

1. A method for analyzing productivity, differ-

ent from the approach of this 1nvestigation, 

is in order. A potential area for study 

would be to look at the rate of change in 

productivity as the aggregate sum of in-

creased labor efficiency, the greater 

utilization of plant facilities and re-

sources, and the higher yield from the 

materials involved in production, 

2, Further research needs to be carried out 

to develop a method which would accurately 

determine what the actual rate of change 

1n productivity 1S of an enterprlse. 

3, It was mentioned in Chapter II that in 

relation to idle funds, Inflation can be 

treated as a negative rate of return. A 

study of inflation treated as a negative 

rate of return and the change in pro-

ductivity as a positive rate of return 

could yield some interesting results. 

4. A study of the effect of inflation on future 
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income streams created from the deprecia-

tion of capital assets of a firm is an 

area worthy of further research, 

5. Since the rates of inflation can fluc-

tuate widely from year to year, an investi 

gation of the effects of varying rates of 

inflation on an investment alternative is 

another area of further research. 
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APPENDIX A: PROGRAM DOCUMENTATION 

Ao TITLE 

A PROGRAM FOR THE ANALYSIS OF ECONOMIC ALTERNATIVES UNDER 
INFLATION AND PRODUCTIVITY 

PROGRAMMER -- STANLEY H, JOHANSEN 
DATE COMPLETED -- 15 SEPTEMBER 1967 
MACHINE -- IBM 7040 
LANGUAGE -- FORTRAN IV 
COMPILER -- IBM FORTRAN IV - $IBSYS 
COMPILATION TIME -- ABOUT ,122 MINUTES, DEPENDING ON THE 

NUMBER OF VARIABLES 
COMPUTATION TIME -- ABOUT ,402 MINUTES, DEPENDING ON THE 

NUMBER OF VARIABLES 
LINES OF OUTPUT -- 1200 to 3600 LINES, DEPENDING ON THE 

RANGES OF THE VARIABLES 
APPROXIMATE CORE REQUIRED -- 626 WORDS USED FOR OBJECT 

PROGRAM AND DATA STORATE - AVAILABLE CORE 12089 

B. PURPOSE 

THE PROGRAM WAS WRITTEN TO ANALYZE THE RELATIONSHIPS DEVEL-
OPED BY THE INVESTIGATION OF ECONOMIC ALTERNATIVES UNDER 
INFLATION AND PRODUCTIVITY FOR A NUMBER OF VARIABLE 
RANGES, 

C. RESTRICTIONS 

1. THE ONLY RESTRICTIONS ON THIS PROGRAM ARE THE 
RANGES OF VARIABLE RATES THAT WERE WRITTEN INTO THE 
PROGRAM. THE VARIABLE RANGES INVESTIGATED BY THIS 
PROGRAM ARE: RATE OF CHANGE IN PRODUCTIVITY (M) 
2 - 6%; COST OF ACQUIRING FUNDS FOR INVESTMENT (J) 
3 - 5%; RATE OF INFLATION (K) 2 - 5%; EARNED DIVI-
DEND RATE OF RETURN (L) 3 - 5%. 

2, DURING THE COURSE OF THIS INVESTIGAT lON , FOUR 
SEPARATE PROGRAMS WERE PREPARED. SEPARATE PROGRAMS 
WERE WRITTEN FOR THE FOUR RELATIONSHIPS UNDER: MODEL 
I ALTERNATIVE I, MODEL I ALTERNATIVE II, MODEL II 
ALTERNATIVE I, AND MODEL II ALTERNATIVE II. THE 
LOGIC AND COMPUTATION OF EACH OF THE FOUR PROGRAMS 

80 
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WAS EXACTLY THE SAME, ONLY THE RELATIONSHIPS THAT 
WERE BEING EVALUATED WERE DIFFERENT, 

D, VARIABLES 

S 

PLI 

KOUNT 

N 

M 

K 

J 

L 

GAIN 

RA 

DENOTES THE AMOUNT OF FUNDS INVESTED AT TIME ZERO. 
THE FIGURE USED IN THIS ANALYSIS WAS $10,000, 

DENOTES THE PRICE LEVEL INCREASE. THIS VARIABLE CAN 
BE INTRODUCED IN ONE OF THE RELATIONSHIPS IF A 
PERIOD OF ACCELERATED INFLATION ( P L U l ) IS WISHED TO 
BE EVALUATED. 

VARIABLE USED IN THE PROGRAMS DO-LOOP TO TRANSFER 
EXECUTIONo 

VARIABLE DENOTING THE YEAR OF COMPUTATION. (CHANGES 
TO FLOATING POINT VARIABLE "V" IN PROGRAM) 

DENOTES THE ASSUMED RATE OF CHANGE IN PRODUCTIVITY, 
(CHANGES TO FLOATING POINT VARIABLE "W" IN PROGRAM) 

DENOTES THE ASSUMED RATE OF INFLATION, (CHANGES TO 
FLOATING POINT "X" IN PROGRAM) 

DENOTES THE COST RATE OF ACQUIRING FUNDS FOR INVEST-
MENT. (CHANGES TO FLOATING POINT "Y" IN PROGRAM) 

DENOTES THE EARNED DIVIDEND RATE OF RETURN. (CHANGES 
TO FLOATING POINT "Z" IN PROGRAM) 

DENOTES THE GAIN FROM THE INVESTMENT IN TERMS OF THE 
PURCHASING POWER OF MONEY AT YEAR "N" 

DENOTES THE ACTUAL ANNUAL RATE OF RETURN FROM THE 
INVESTMENT, A, B, C, D ARE VARIABLES INTRODUCED 
IN THE PROGRAM TO INCREASE ITS EFFICIENCY AND 
EXECUTION TIMEe 

OUTPUT 

THE OUTPUT FROM THE COMPUTER PROGRAM WOULD APPEAR AS FOLLOWS 

EXAMPLE OF THE OUTPUT FROM MODEL II ALTERNATIVE II CASES 1, 
2, 3, and 4. V = 2,4,6,8,10; W = 2,3,4,5,6; X = 2,3,4,5; 
Y = 3,4,5; Z = 3,4,5; 

GAIN M2A2C1 
GAIN M2A2C1 
GAIN M2A2C1 

792,312 V=2. W=2. X=2. Y=3. Z=3, RA=0.03886 
987.429 V=2. W=2. X=2. Y=3o Z=4. RA=0.04821 

1182o546 V=2, W=2. X=2. Y=3. Z=5. RA=0.05748 

(300 LINE OUTPUT) 



GAIN M2A2C2 
GAIN M2A2C2 
GAIN M2A2C2 

791,346 
986,430 

1181,514 

(300 LINE OUTPUT) 

GAIN M2A2C3 
GAIN M2A2C3 
6AIN M2A2C3 

800,213 
995.253 

1190,293 

(300 LINE OUTPUT) 

GAIN M2A2C4 
GAIN M2A2C4 
GAIN M2A2C4 

228.629 
234.482 
240,336 

(300 LINE OUTPUT) 

V = 2 
V = 2 
V = 2 

V = 2 
V = 2 
V = 2 

W=2 
W = 2 
W = 2 

V = 2. 
V = 2. 
V = 2. 

X = 2 
X = 2 
X = 2 

W = 2. 
W = 2. 
W = 2, 

W = 2. 
W = 2, 
W = 2. 

X = 2 
X = 2 
X = 2 

Y = 3 
Y = 3 
Y = 3 

X = 2. 
X = 2, 
X = 2. 

Y = 3 
Y = 3 
Y = 3 

Z=3, R A - 0 . 0 3 8 8 1 
Z = 4 . R A = 0 , 0 4 8 1 6 
Z = 5 . R A = 0 , 0 5 7 4 3 

Y = 3. 
Y = 3, 
Y = 3. 

Z = 3, 
Z = 4, 
Z = 5. 

Z = 3. 
Z = 4. 
Z = 5. 

RA=0.03924 
RA=0.04856 
RA=0.05784 

RA=0.01137 
RA=0.01166 
RA=0,01195 

82 
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DO 100 
KOUNT 1 ,4, 

T 
DO 100 

N=2,10,2 

DO 100 
M = 2,6,l 

DO 100 

K=2,5,l 

1 
DO 100 

J=3,5,l 

DO 100 

L=3,5,l •>(lj) TO PAGE 84 
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FROM PAGE 83 

Change fixed point 
variables of the DO 
statements to float 
ing point variables 
for execution. 

VNO 

CALCULATE 
GAIN ! 

CALCULATE 
ACTUAL 

ANNUAL RATE 
OF RETURN 

t 
WRITE 

GAIN M2A2C1 
V,W,X,Y,Z 

RA 

TO C/N 100 

1 

í 
2 ; TO PAGE 85 
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TO C/N 100 

I 
I 

FROM PAGE 84 

YES 

CALCULATE 
ACTUAL 

ANNUAL RATE 
OF RETURN 

WRITE 
/GAIN M2A2C2^ 
V,W,X,Y,Z,, 

RA 

í 
GO TO 100 

-o-

V 

3 TO PAGE 86 

4 TO PAGE 86 
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TO C/N 100 

FROM PAGE 85 

CALCULATE 
ACTUAL 

ANNUAL RATE 
OF RETURN 

WRITE 
GAIN M2A2C3 
V,W,X,Y,Z, 

RA 

CALCULATE 
ACTUAL 

ANNUAL RATE 
OF RETURN 

FROM PAGE 85 

i 
TO C/N 

7,6,5,4,3,2 

WRITE 
GAIN M2A2C4 
V,W,X,Y,Z, 

RA 

— < i — 
FROM C/N 

18,23,28 

TO PAGE 87 
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5 FROM PAGE 86 

DO-LOOP 
EXECUTION 
COMPLETED 

CALL EXIT 

END 
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APPENDIX B: COMPUTER PROGRAM 

1»J0B WATFOR B078IP03 STANLEY JOHANSEN « 
l 5000 

SftXECUTE WATFUR 
C THE ANALYSIS OF ECONOMIC ALTERNATÎVES UNDÊR INFLATION 
C ANO PRnnuCTI 
C MOOEL 2, ALT* ?, : A S E S ITHRU 4 
C YEARS N=2,A,^,8,I0 
C RATE OF CHANGE IN P^ODUCTIVITY M=2,3,4,5,6 PERCENT 
C RATE OF INFLATION K=2,3,4,5 PERCENT 
C COST RATE l)F ACOUIKING FUNDS FOR INVESTMENT J = 3,4,5 PE 
C RCENT 
C EARNED OIVIDFNO RATE QF RETURN L=3,A,5 PERCENT 

S=10000. 
PLI=l. 
00 100 K0UNT=l,4,l 
00 100 N=?,10,? 
00 100 M=2,6,l 
00 100 K=?,5,l 
00 100 J=3,5,l 
00 100 L=3,5,l 
V = N 
W = M 
x= 
Y=J 
Z=L 
IF (K UNT.GT. l ) GO TO 60 
GAIN=S»( ( { I.^-W/IOO. )»»V)»( (I. + X/IOO. )»»V)-(l.-«-Y/100. ) • 
UV-K ( Z/100. ) 
C^d.-í-Y/lOO. )»*V-Z/100. )/( Y/100. ))/(l.+X/100.)»»V 
RA=((GAIN+S)/S)»»(l./V)-l. 
GO TO 8 5 

60 IF (KOUNT.GT.?) GO TO 70 
A=V»{W+X)/100. 
C=:V»Y/100. 

' D = V»X/100. 
GAIN=S»(EXP(A)-EXP(C)-»-( (Z/100.)»(EXP(C) )-Z/100.)/(EXP( 
lY/100.)-l . ) ) 
C/EXP(D) 
RA=((GAIN>S)/S)»»(l./V)-l. 
GO TO 90 

70 IF (K0UNT.GT.3) GO TO 80 
A = V»( W-^X)/100. 
3=V»X/100. 
GAIN=S»(EXP(A)-(l.-t-Y/100. )»»V+( (Z/100.)»(l.-»-Y/100.)»»V 
1-Z/lOO.)/(Y/ 
CIOO.))/FXP(B) 
RA=((GAIN+S)/S)»»(1./V)-1. 
GO TO 95 

80 A=V»W/100. 
GAIN=S»(EXP( A)»( I. + X/IOO. )»»V-( !• 4-Y/100. ) •»V+( ( Z/100. ) 
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S5 
8 6 

1»(1.+Y/100.) 
C»»V-Z/100.) )/í 1 . + X/IQÔ.)»»V 
RA=( (GAIN-^S)/S)»»(1./V)-1. 
GO TO 98 bU lU 98 
WRÎTE (6,86) GAIN, V, W, X, Y, Zt RA 
FORMATdH ,1?HGAIN M2A2C1 = , F?0. 3, 2HV=, F4.0 , ?HW= , F4. 0, 2 
HX=,F4.0,?HY 
= - P ^ - n . 9 U 7 - _ C/. A -luOA- C O tL \ 
1HX=,F4.0,?HY 
C=,F4.0,2HZ=,FA.0,3HRA=,F8.5) 
GO TO 100 UU lU lUO 

90 WRITE (6,91) GAIN, V, W, X, Y, Z, RA 
91 FORMATdH ,1?HGAIN M2A2C2 = , F20 . 3, 2HV=, F4.0 , 2HW= , F4. 0, 2 

1HX=,F4.0^2HY 
C=,F4.0,2HZ=,F4.0,3HRA=,F8.5) 
GO TO 100 

95 WRITE (6,96) GAIN, V, W, X, Y, Z, RA 
9S F0RMAT(1H ,12HGAIM M2A2C3=,F?0.3,2HV=,F4.0,2HW=,F4.0,2 

1HX=,FA.0,?HY 
r= . F4.n. 7H/ = .F4-n. UHRA=.F8.*Í) 
1HX=,FA.0,?HY 
"^^FA.O^^HZ^^F^.n^^HRA^^F^.^) 
GG TO 100 GG TO 100 

98 WRITE (6,99) GAI\, V, W, X, Y, Z, RA 
99 FURMATdH ,12HGAIN M2A2C4= , F20. 3, 2HV=, F4. 0 , ?HW = , F4.0, ? 

1HX=,F4.0,2HY HX=,F4.0,2HY 
=,F4.0,2HZ=,F4.0,3HRA=,F8.5) 
CONTINUE 100 CONTINUE 
CALL EXIT 

$ENTRY 
SIBSYS 

END 




