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TID~ ~1EASU:rtEH3NT OF ZCONOHIC CHANGE 

Objective 

The phenomenon known as economic growth has become exceedingly 

i.inportant since the post-1-rar era. There is hardly a country today that does 

not consider the maximization of economic growth a prime do mestic goal. 

Hm..rev <~r, there is substantial disagreement as to the actual mechanics of 

measuring growth. There exist today about seven different methods for 

computine a rate of growth. Some of these are more widely ~ccepted than 

others. Pesek fl. has given us an excellent revie"t-J" of these methods and has 

provided criterion by which each method can be evaluated. Also, he has 

developed two formulRs for measuring gro~ rth and has put them forward as superior 

to any other method. It is the objective of this paper to utilize the information 

provided by Pesek and ~o offer some new arguments which it is hoped will demon-

strate that Pesek's methods are not quite so superior and that one other method, 

in theory and in practice, appears to be as reliable in measuring growth. 

Fundamentally, groHth, or relative change, is the ratio of the amount 

of change over a riven period of tirne relative to so~e base. In symbols this 

definition of the basis of growth looks like this: 

(1) Rate of Growth (G) = 

when: x
1 

= a base figure 

change in x from T to T=l, when Time changes from T to ·T+l 
1 

In other words, the rRte of growth (G) is derived from the actual 

changes in the variable over time. The r <~ te of growth then seeks to find some 

Z1 Boris P. Pesek, "Economic Growth and its Neas:Jrement," Economic Development 
and Cultural -Change, April 1961. 
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quantitative measure of the persistent and sustained trend (amount of change) 

exhibited by the variable. Therefore, growth is a function of the persistent 

or sustained trend in the variable over tim~L£ Clearly a method for computing 

growth should not yield an amount of change diff erent from that which did evolve 

in real life. Should a particular method yield an amount of change different 

from that which actuaLly occurred, then what does that method measure? It 

measures a trend, of course, but certainly one very different from that which 

would reflect the actual amount of change. This implies, therefor e , that the 

theoreticaL values for each time period obtained from the f~tted equation should 

fluctuate around the actual values rather than lying consistently above or below. 

Any method which gives theoretical values of the latter type would certainlY 

fail to measure the correct amount of growth. It is for these major reasons 

that the method used to measure the rete of growth should: (1) Reflect the trend 

with reasonable accuracy and (2) yield the same amount of change as did actually 

occur in the variable over the time in question (that is, ~y c • £y 1 where "y c" 

is the computed or trend value and "Y" is the actual value). 

Summa~ of Findings 

The method put forward equally in tlrl..s paper as reliable as the Pesek 

methods and better than other available methods for measuring growth is known 

as Glover's method. This technique meets the basic requirements for measuring 

growth as stated above and is relatively simple to compute. The methods put for-

ward by Pesek as superior are subject to certain theoretical and practical faults, 

as will be subsequently shown. The Glover method is an exponential growth famula 

and is of the form: 

li 

= 

Other authors define economic growthamilarly. P~llis Deane in the October, 
1961 issue of ·the Malayan Review in her article, 11 The Long Term Trends in 
World Economic Growth" argues that "Economic growth is defined as a sustained 
secular increase ••• " Professor Simon Kuznets in an October, 1961 lecture at 
the Economic Development Institute defined economic growth in terms of a 
sustained trend exclusive of cyclical or annual ups and downs. 



Discussion 
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Y- = computed values 
c 

r = rate of growth (expressed as 1 + 
the growth percentage) 

x number of times an observation 
is .removed from the origin 

a = the constant or trend value for the 
first observation (origin) 

Four specific methods of measuring change have been evaluated in 

this paper. They are the terminal method, the -xponential curve fit to 

logarithms, by the least squares method, Pesek's method (referred to here-

after as Pesek Method VI), and finally Glover's Method. Pesek has examined 

other methods, and the reader is referred to his article. 

The terminal method is probably one of the best-kno\m and most-

frequently used techniques for measuring gro~th. It involves using only 

two observations - one at the begilli1ing, and one at the end. Given the 

number of observations in between these two terminal points (although the 

actual observations for the time periods in between are not utilized by 

th:._s m~thod) and a compound interest table, a rate of growth can be calcu-

lated quickly. Undc; r this technique, the "a," or first value, is the actual 

beginning observation; in other words, with this method the growth rate is 

anchored to a specific initial value. The arbitrary exclusion of the inter-

vening values violates the criteria for measuring growth set forward earlier 

in this paper. The trend values which result from the terminal points method 

reflect what would have happened in the intervening years had there been no 

cyclical or irregular influences in these years. In other words, it is hypo-

thesized according to the t erminal points method that the only factor 

influencing the given value of a economic variable in a _given year is a 

hypothetical trend factor. However, any time series value (annual) is composed 
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of trend, cyclical and irregular influences, and accordingly, any given value is 

the product of trend times cyclical times irregular. Ll Moreover, there is noth

ing inherent in the terminaL points formula to ensure that the theoretical or 

trend amount of change equals the actual amount of change. The amount of change 

data are derived from the sum of trend values, sum of actual values and sum of 

values assuming no change in the data. The source of the first two is obvious 

but the third sum requires some explanation. The sum of values assuming no change 

for any given variable is obtained by taking the actual first value and multiply-

ing it by the number of observations. The trend amount of change is derived by 

taking the difference between the sum of trend values and sum of values assuming 

no change. The actual amo-c.nt of change is obtained similarly. LJ± Accordingly, 

since the terminal points method does not meet either one of the criteria for 

measuring growth established earlier, its use should be limited to those circum-

stances wherein it is he only formula that can be applied. 

The exponential curve fit to logarithms by the least squares method· is 

sometimes used to extract a rate of growth. However, it is open to several objec-

tions. The major objection revolves around the use of logarithms rather than 

actual observations; and being a least squares fit, the sum of the logarithms of 

the actual values is made equal to the sum of the logarithms of the trend values. 

This means that this technique equates the product of the actual values with the 

product of the trend values. Of course, "both of these products and their 

equality from the standpoint of economics are meaningless," and 11 the eopnomically 

Ll The problem is much more complicated than is indicated. The question of the 
time period selected is important regardless of the method of computing growth. 
Care must be exercised so as not toohoose a time period which contains a 
fractional number of cycles. The accepted method of avoiding this pitfall is 
to select boundr,y dates so that the end values are approximately at the same 
cyclical phase, and in this way avoid cyclical bias in the trend. This issue 
is extremely important since growth is defined as the persistent trend Oler 
time -- ana this persistent trend should be measured exclusive of cyclical 
influences. For further discussion see Arthur F. Burns "Production Trends in 
the u.s. since 1870," 1934, pages 38-42; Frederick c. Mills, "Economic Tenden
cies in the U.S.," 1932, pages 46-48; Croxton and Cowden, "AppLied General 
Statistics," Second edition, pages 278-279 and Chapter 16. 

Lk SymboLicaLly,~yc -~y1n =~ -~1n where Yc' y as defined above, and y1n 
is the actual value in period l multiplied by n, which is defined as sum of 
values assuming no change. 
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meaninful requirement that the sum of actual outputs be equal to the sum of the 

estimated outputs is not satisfied." /2 In other words, this method yields the 

best fit to the logarithms rather than to the actual· observations themselves. 

Nevertheless despite these conceptual shortcomings, the exponential curve fit 

to logs by least squares often yields growth rates which are close to those 

obtained under Pesek's formulas and Glover's method. 

Glover's method and the Pesek methods will be discussed simultaneously 

now. Pesek's chief criticism of the Glover method is based on what he call an 

"arbitrary set of weights" /!!_. However, it appears that Pesek has misinterpreted 

the use of the "x" values in the Glover method, which Pesek refers to as the 

"arbitrary set of weights." In reality, the "x" values are the number of times 

a given observation is removed from the origin or first observation. The formula, 

as we recall, for Glover's method is y
0 

= arX. The first step in -solving for r 

(the rate of growth? is to solve for what Glover calls the Mean Value (M).L!_ 

The specific formula for the Mean Value is M • ~ The Mean Value therefore 

is the weighted average of the "x" series or n~~r of times removed from origin. 

In effect then, the "Y" va.lues, or actual observations, are the real weights 

rather than the "x" values as indicated by Pesek. The "x" values them are not as 

arbitrary as contended by Pesek; they indicate how far removed a given observa-

tion is from the origin observation. Since growth is based upon the amount of 

change in the variable divided by the change in time, the number of times that 

a given observation is removed from the origin seems rather important in solving 

for the rate of growth. Since it is possible to determine the change in the 

Ibid., page 301-302. 
Ibid., page 303. 
Glover's Mean Value Tables are shown at the end of the appendix. Two sets of 
tables are shown. The first set is the original Glover's Tables reproduced as 
they appear in the 1951 edition of "Tables of Applied Mathematics in Finance, 

· Insurance, Statistics," pages 470-483, developed by Mr. James W. Glover. I 
wish to thank the publisher, the George Wahr Publishing Company, for permis
sion to reproduce these tables. The second set is an extension of the original 
Glover's Mean Value Tables. This set was developed by Mr. Charles Wittmann of 
the U.S. Department of Agriculture and published by the National Bureau of 
Econo~c Research. I wish to thank Mr. Wittmann and the National Bureau for 
permission to reproduce these extensions. 
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variable (y) as well as the number of times removed from the origin (x), · the 

combined use of the actual observation and the number of time that it is removed 

from the origin does in fact have economic as well as practical meaning in 

measuring the rate of growth. Moreover, Pesek's belief that the "arbitrary set 

of weights" gives undue weight to the observations furthest removed from the 

origin is unwarranted, again due to the fact that the "x" values are not the 

weights. The "a" value in the Glover method is the theoretical origin value, 

thus this technique is not secured to any given beginning value. Also, the 

Glover technique yields a computed amount of growth equal to the actual amount 

of growth. Examination of Charts I and II reveal that Glover's method approxi-

mates a least squares fit since actual values tend to fall rather evenly on either 

side of the Glover's trend. Further evidence of this trait comes from the fact 

that the sum of the Glover's co~uted or trend values is equal to the sum of the 

actual values (in least squares the sum of trend equals sum of actual also). 

Table 5 pinpoints this fact by showing the sum of deviations from Glover's trend, 

and these are, in most cases, close to zero. 

Referring now to Pesek's article, his Method VI does yield a growth 

rate which ensures that the sum of the trend values be equal to the sum 

of actual values. However, it does require that the "estimated output in period 

l should be equal to the actual output in period 1; in other words the base year 

must be selected in the case of this method" /:§_. This is of course, a disad-

vantage as Pesek himself admits in that the selection of the base period is 

arbitrary. The most efficient technique of finding the growth rate under this 

method according to Pesek is as follows: 

(a) Calculate n 
~Pt 
L_ 
t=l - X 

pl 

(b) find this number x in the body of a table showing amount of 

1 Per Annum at Compound Interest (S i) in period n; 
r17 

~ Ibid., page 304. 
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(c) the rate of interest shown by the table for the known x 

and n is the rate g6 • 

However, this "most efficient method" becomes less efficient when it is neces-

sary to calculate a negative rate of change since the table showing the amount 

of 1 Per Annum at Compound Interest is available (as far as this au~hor can 

determine) only for use in finding a positive rate of change. It seems desirable 

that any method be able to provide estimates of a negative rate of change as ef-

ficiently as it does provide a positive rate of change. For these theoretical 

and practical reasons, the use of Pesek 1s Method VI seems undesirable. fesek 1s 

Method VII is substantially better than his Method VI in that the estimated 

base year value is not preselected, but rather that it provides a theoretical 

initial trend value~ Moreover, it is a least squares fit which means that a 

standard error of estimate can be computed to measure the goodness of fit. 

That is, 

n (~t-1 )2 z. p b - pt 
t=l 1 

min 

where: 
IF' 1 is the fictitious base year value, 

Pt i.s the actual value, 

b is the growth rate. 

After differentiating and solving for~1, Pesek arrives at the final 

equation 

n .!! t-1 b + l =~l Ptb 
b + 1 Jl~----~----

~ pt 
t=l 

and the growth rate is equal to (b - 1) x 100. 

HoloTever, the use of this method is rather cumbersome and does require 

a substantial computational effort such that Pesek has found anerl for a computer 

program as an aid in its use. This seems to be a serious practical disadvantage 

inasmuch as the computational work required to calculate a growth rate should be 

reasonabiy efficient. 
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fracticaL Applications 

For purposes of this paper, data on wool production in various countries 

covering the period 1;148-J.Ybl were used. Also as tests for longer periods the 

gross national product of the United States and net electricaL energy production 

in the United States covering the period 1~20-1955 were used. Tables 1 and 2 

w hich 1'o.1.lov-r show these data. Table 3 sununariz.es the calculations for wool 

production, while table 4 summarizes the calculations for net electrical energy 

and GN~ Li The results are evaluated according to the basic growth theorem set 

out above which is based upon the concept that the stream of.trend values should 

equal the stream of actual values. In other woras, the trend amount of change 

obtained from the application of any specii"ic formula should equal the actuaL 

amount of change. Tables 3 and 4 are organized with this principle in mind. 

ltJi thout faiL _tJeseK 's 1v1ethod VI and Glover's method consistently yield 

an amount of growth whi'ch is equal to me actual. Although r'esek 1v1ethod VII was 

not tested empirically here, Pesek's article shows that h:i.s 1'-'lethod VII and the 

Glover method result in a theoretical or trend stream of data equal to the actual; 

in other woras, the sum or output under l"lethod VII and the sum of output under 

Glover both equaL the sum of actual output /lu (that is, :fyc =~y, where "yc" 

is the computea or trend value and "y" is the actual value). On the other hand, 

tne terminal points method rarely comes close to the actual amount of growth. 

A rather curious result occurs with the exponential curve fit to logarithms, 

namely, despite the theoretical objections to this method there are many instances 

where the growth derived :t"rom this technique does equal the actual amount of 

growth; thls tendency was also noted by .r'esek). The specific growth rates obtained 

under each of the four methods do, of course, vary rather considerably; this is to 

be expected. However, fesek shows that his Method VII and the Glover method yield 

almost identical growth rates r·or long as weLL as short periods of time. Curi-

Zi The reader is referred to fesek 1s articLe and especially to his sections called 
Comparison o1· Performance for additional empiricaL results. 

/10 PeseK l"lethod VII was not used since the author does not have a copy of the re
quired computer program. The reader is referred to Pesek's article for the 
empirical results under Pesek fJlethod VII, especially Table 2. 
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ously enough, the growth rates obtained from Glover's method and the exponential 

curve fit to logs are very close to one another (which occurs by the way in the 

results by Pesek). The growth rates obtained from the terminal points method are 

in most instances different from the preferred Glover's method. Charts I and II 

demonstrate graphically the results obtained under the four methods discussed in 

this paper. 

In addition to the basic requirement for the calculation or a rate of 

growth (the total actual output be equal to fue total computed output), it seems 

reasonabl.e to asl< of any method that it yield a rate of growth which faithfully 

reflects the stream of output over the period of time covered. The terminal 

points method fails to meet either one of these requirements. The exponential 

curve fit to logarithms by the least squares method fails to meet the former 

requirement as well as the latter requirement (it uses the 1.ogarithms of the 

observations rather than the observations themsel.ves to fit a linear trend). 

Pesek 1 s l:'lethod VI suffers from an arbitrary selection of a base period, while 

Pesek Method VII can be obtained only after a substantial amount of computational. 

effort or with the use of a computer. 

Accordingly, Pesek Method VII and the Glover method are submitted as 

the most efficient techniques for calculating a rate of growth. Both methods 

meet the basic require1nents of the growth rate calculation as outlined above. In 

the opinion of the author, however, the Glover method, since it yields precisely 

the same measurements and is easier to compute, appears to be a more usable 

method than Pesek VII. 

The Stability ot Growth 

Deviation from regularity of growth for any economic variable is a 

significant question which needs to be answered if the growth rate derived is to 

be interpreted intelligently and utilized wisely. A growth rate can be calculated 

for any series of economic data, but what of the departures from the trend or 

norm? These deviations from the trend values (which would have been expected had 
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the variable grown with a smooth and regular movement) merit measure1nent. A 

device which has been o1·1'ered as a basis for judgment on this matter is the index 

of instability o1' growth. /11 The index as conceived by 1vlii.ls is the mean percent-

age deviation about the trena line measuring the rate o1' change. It takes the 

form: 

I = ~(yjyc - 1) I • 100 
N 

where: y = actual values 
Yc= trend or computed vaLues 
.N = number of observations 

The more stable the persistent change in a given variable, the smaller 

the index, according to ~dLls. The index does not measure the variability of a 

given economic series; other statistical resources are designed to accomplish this. 

However, i1. information on the stabil.ity of the persistent trend (growth) is re-

quired, then the measures which are rel.evant are those "defining departures from 

values which woul.d have been recorded if a given rate of change had prevailed with 

absolute regularity". /12 

According to Mills the proper interpretation of the Index is that it 

measures the average annual (i1. annual data are used) percentage deviation from 

the trend values. The trend values represent the smooth ana regular change of a 

variable over time. However, economic progress is uneven iu most instances ana 

tne Index is intended to measure the aegree to which the ~rogress has been uneven. 

But what leveL of the degree oi' uneveness represents stabi J.i"ljy or instability in 

tne growth of a variabl.e? No answer has been available to the question up to now 

although l"'lil.ls has suggested that an Index value u1· j. 7 percent j_s "rather wide ••• 

in contrasc, t.o the relatively smooth and regular growth of population". /13 This, 

however, smacKs 01 too 111UCh subjective judgment and seems to me only part of the 

answer. 1v1oreover, the Index provides no cLue as to the distributioo of the dif-

M m 

Due to Frederick C. IVJills, in his "Economic Tendencies in the United States," 
1932, pages 48-49. 
Ibid., p. 49• 
1~l1s, page 2-3. The index value £or population quoted by Mills is 0.3 percent 
and refers to the population of the United States. The index value of 3.7 
percent is 1·or the physical Volume of Production in the United States, 1~01-
1913. 
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ferences and c.he ex·c.eut oi· their dispersion. I wish therefore, to submit a sta-

tis~1cal ~est which will aid in determining: 

1. The leve~ of the Index which suggests instability in the growth of 
a variable and, 

2. the validity of the linear exponential calcu.Lation as appJ..ieo to 
any given variab~e. 

A number oi' alternative tests presented themselves, but for one or more 

reasons -~he chi-square test was chosen to complete the answer to the question of 

stability oi' growth. /14 Probably the most COHullon use oi' the cn1-square d1s1..r1-

but1on is as a means of testing the consis ·c.ency bet1veen expected and actual obser-

vations. In this type ot h.Ypothesis the expected (in our case, trend) observations 

can be obtained .r·rom any one of several sources, inc.Lu.d1ng tneore ~Jical frequency 

d.is ·Griuuvluns such as the normal and Poisson dis-cributions, or they may be based 

upon empirica.L data oi· variuus Kinos. In other words, it is not necessary that 

the expected or trend values be derived from a particular uistribuLion L1 order 

to us~ ~he chi-square test. Hence, a.Lthuugh tne Glover method is not based upon 

a particu.lar distribu~ion chi-square canffi used to test for significant difference 

between the two distributions of data; /15 the pothesis, uai11eJ.y, that thGre is uo 

sigl1ii'i<.;ant d.i.r.L erence be L.ween the c,wo uiL>triou·L.ions. Next we set the prooabili ty 

leve.l for chi-square which is acceptable, say 5%, or 2.5% on either side for a two-

tail test. Then, at the given level uf probability, if L.he chi-square obtained 

trom ·che two distributions is higher than that which is given in a chi-square table, 

'rhe i;.. and F tests for evaluating the differenc~s l;>etween mean~ (in t-his case 
the C1J.1"1erence between 1ihe mean percentage devlatJ.on and zero) a:re 1nadequate 
and. not. 111t1Ch betlier ·c.han the Index of Instability of Growth since the big issue 
in the problem of the stability of gro vn,h is the uistribuT,ion ol actual data 
wiGh respect to the trenu va.Lue. 'rhe standard error cannot be used since G.iover 's 
method .L~ not, strictly speaking, a pure .least squares (.;alculation. Moreover, 
the SE cannot be reterreu tu a nur!ual probabilJ.~J.Y r.ab~e 1or the pu:r;-pose 01 making 
probability statements unless the resisflJ.als are distribu"Ged as the uormal curve 
with zero mean and variance equa~ to ~ 
The general form of the chi-square test is: 

~ (f - fe)2 
.:::::::..:. f e 

~here f :i.s an actu~l ,frequeuyy, 1' .is an exoectPd freq1,1~ncy and the sununation 
1s over the severa.L frequenc1es be1ng testet1. The paz-tJ.cu~llr equatlon used J.n 

this paper is fo:a;: [b( :;:Ga:es a;:e +~~::= ~2 ) - :a2 1 
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we reject the null hypothesis. On the other hand, ii' "Lhe calcula"Ged ehi-squcre 

is Lower than that given in the vabLe the null hypothesis is accepted. In this 

LatGer instance, we would judge, therefore, that the two distributions differ 

primarily (statistiealLy speaKing) due ~o chance. However, it does no~ follow 

that the low chi-square compLe:tiients ~he Index oi" Instability of' Growth. On the 

contrary, there is essential~y no relationship between the size of the Index and 

the size of the chi-square. This hoLds regardless of the number of observations. 

Chi-square lS a function of variance, or abso.1..ute difi'erences, while the Index is 

a function of reLative ditrerences. Furthermore, with the Index there is no· 

formal. statistical limit or range which wiJ..l he.Lp us deciue what is stable or 

uns ·tab.~..e grout.n. 'l'he reason being that there is not associated with the relative 

di!'rerences as used in the Index a statistical. measure which provides a basis for 

juuglLlg a stable or unstabLe Index .LeveL. On the other hand, the use of absolute 

deviatim1s 1r0111 ~rend, :in other words the concept of variance coupled with a 

critical. level of acceptance (probability ·~hat a given ~ could have arisen oy 

chance), vrov:.t.ues us with sufficient inforr71ation to make a decision on the null 

hypothesis. 

The chi-square test then, rather than the Index of Instability of Growth, 

enabLes us to assess the validity of the growth rate calculation and at the same 

time make a decision on the >=> tabiLity u r instabiLity of the growth trend. If a 

ca~culated cni-square is below a given chi-square at the selected confidence 

J..eveJ.., then the difi'erence between actual. and trend are due, essentiaJ..ly, to 

chance. In other v-rords, there is uo :r·eason to suspect that the fluctuations of 

the ac~uaJ.. about the trend J..ine are any more than random fluctuations. Hence, 

the growth oi· the particular variable involved would be juaged stable; in other 

worus, a sufficiently strong and persistent exponential growth trenu is present 

in the given variable. 
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Conversely, a calculated chi-square higher than the given one indicates 

that there is a significant difference between the actual and the trend. It 

follows that the dispersion about the trend line is too wide to be due, essentially, 

to chance. Accordingly, it canbe inferred that the growth of the given variable 

istoo unstable to be measured with an exponential growth rate; or that there are 

other problems involved, such as poor original data. In short, a significant 

chi-square should serve as a warning signal not to accept the calculated growth 

rate, but to investigate further the original data themselves. 

However, the Index is not altogether useless; it can be a very valuable 

guide in using the growth rate for projection ~urposes. If it is desired to 

project a given variable by means of its growth rate, knowledge of the level of 

the Index provides a clue as to the proportion of deviation t hat can be e~)ected 

from the projected trend on the basis of past experience·. Allowance can be made 

either in the growth ra e or in the Index for changes from past experience 

anticipated for the projection period. The chi-square test cannot be used to 

determine the possible deviation from trend for a projected period. 

Indices of the Instability of Growth have been calculated only for 

I 
the growth rates derived from Glover s method. These results are contained in 

Table 5 which also lists the answers from the chi-squaY' e tests as well as the 

sum of the absolute deviations from theG]Dver trend line. 



Year 

1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961& 
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TABLE 1: WOOL PRODUCTION, GREASY BASIS, SELECTED COUNTRIES AND WORLD 

(Million Pounds) 

New South 
Australia Zealand Africa Argentina Uruguay u.s.A. 

1,057 367 227 425 144 294 
1,142 390 230 415 163 273 
1,118 390 24.5 430 185 271 
1,080 407 251 408 188 272 
1,281 418 274 406 190 290 
1,246 426 283 397 203 304 
1,283 455 306 364 198 310 
1,417 462 314 390 195 305 
1,564 491 321 388 190 311 
1,434 496 299 409 200 296 
1,591 540 314 421 175 293 
1,689 511 319 423 159 319 
1,616 580 305 409 181 324 
1,692 599 322 410 195 325 

Year Others 
Free Communist World 
World Bloc Total 

1948 771 3,366 472 3,838 
1949 741 3,442 494 3,936 
1950 761 3,489 533 4,022 
1951 791 3,490 614 4,104 
1952 821 3,115 684 4,459 
1953 862 3,821 748 4,569 
1954 870 3,891 156 4,647 
1955 891 4,076 828 4,904 
1956 885 4,255 850 5,105 
1951 879 '4,127 923 5,050 
1958 892 4,345 1,010 5,355 
1959 909 4,519 1,093 5,612 
196o 908 4,443 1,106 5,549 
1961 1.2_ 902 4,570 1,090 5,660 

!.!. Preliminary. 

Source: Commonwealth Economic Committee. 

U.K. 

81 
88 
89 
93 

'95 
100 
105 
102 
105 
114 
119 
124 
120 
125 



- 15 -

TABLE 2: UNITED STATES; GROSS NATIONAL P:tODUCT IN 1929 PRICES AND N~T 
PRODUCTION OF ELECTRICAL ENERGY 

Year 

1920 
1921 
1922 
1923 
1924 

1925 
1926 
1927 
1928 
1929 

1930 
1931 
1932 
1933 
1934 

1935 
1936 
1937 
1938 
1939 

1940 
1941 
1942 
1943 
1944 

1945 
19h6 
1947 
1948 
1949 

1950 
1951 
1952 
1953 
1954 

1955 

Net Production of 
Electrical Energy 

(Billions k~·Jh) 

56.6 
53.1 
61.2 
71.4. 
75.9 

84.7 
9h.2 

101.4 
108.1 
116.7 

114.6 
109.4 

99.h 
102.7 
110.4 

118.9 
136.0 
146.5 
11!.1. :j 
161.3 

179.9 
208.3 
233.1 
267.5 
279.5 

271.2 
269.6 
307.4 
336.8 
345.1 

388.7 
4--:. 3.4 
463.0 
514.2 
) 44.6 

629.0 

Gross National 
Product 

(Billions US$) 

73.3 
71.6 
75.8 
85.8 
88.4 

90.5 
96.4. 
97.3 
98.5 

104.4 

95.1 
89.5 
76.4 
74.2 
80.8 

91.4 
100.9 
109.1 
103.2 
111.0 

121.0 
138 .7 
154.7 
170.2 
183.6 

l t90. 9 
166 . 8 
165.6 
174.4 
171.1 

187.1 
199.9 
206.7 
215.3 
212.6 

230.8 

Source: Historical Statistics of the U.S.: Colonial Times to 
the Present, 1957 • 

. ., 
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TABLE .1: WOOL PRODUGriON; SUMMARY OF GRDWrH RATES AND AMOUNT OF GROWTH 

Pa e 1 
Method of 

Growth 
Actual Chan~; 

Country Computing Amount of from ch 
Growth Rate La Rate% 'Change Method 

Argentina Glover o.oo 243 244 
Pesek No. 6 

- o.~8 243 n.a . 
Exponential Curve 243 247 
Terminal Points - o.46 243 74 

Uruguay Glover 0.70 550 549 
Pesek No. 6 3.62 550 550 
Exponential Curve 0.72 550 549 
Terminal Points 2.36 550 340 

u.s.A. Glover 1.11 66 66 
Pesek No. 6 0.24 66 64 
Exponential Curve 1.12 66 62 
Terminal Points o.61 66 167 

U.K. Glover 3.44 332 334 
Pesek No. 6 3.84 332 332 
Exponential Curve 3.44 332 330 
Terminal Points 3.71 332 318 

Australia Glover 3.95 4,414 4,414 
Pesek No. 6 3.91 4,414 4,418 
Expo rential Curve 3.98 4,414 4,397 
Terminal Points 3.69 4,414 4,176 

New Zealand Glover 4.01 1,468 1,469 
Pesek No. 6 3.77 1,468 1,470 
Exponential Curve 3.96 1,468 1,466 
Terminal Points 3.84 1,468 1,502 

South Africa Glover 2.76 844 846 
Pesek No. 6 3.53 844 843 
Exponential Curve 2.87 844 742 
Terminal Points 2.73 844 631 

Others Glover 1.64 1,114 1,113 
Pesek No. 6 1.49 1,114 1,111 
Exponential Curve 1.67 1,114 1,111 
Terminal Points 1.40 1,114 1;040 

Free World Glover 2.57 8,544 8,543 
Pesek No. 6 2 • .52 8,544 8,555 
Exponential Curve 2.58 8,544 8,531 
Tenninal Points 2.40 8,.544 8,106 

li Time period covered is 1948-1961 for all growth rates. 

/!:.. Unable to compute negative growth by Pesek's Method VI. 
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TABLE 3: WOOL PRODUCTION; SUMMARY OF GRCYNTH RATES AND AMOUNT OF GRO'tll'H (CONT.) 

Pase .2 
Method or Growth Actual Change 

Country Computing Rate% Amount or ~rom Each 
Growth Rate /a Cha!lj{w Method 

Communist Block Glover 7.01 4,611 4,612 
Pesek No. 6 7.74 4,611 4, 611 
Exponential ·Curve 7.25 4,611 4,613 
Terminal Points 6.67 4,611 3,792 

World Total Glover 3.30 13,1.55 13,1.51 
Pesek No. 6 3.29 13,1.55 13,149 
Exponential Curve 3.32 13,155 13,146 
Terminal Points 3.05 13,155 12,o68 

~ Time period covered is 1948-1961 for all growth rates. 
Exponential curve refers to "exponential curve fit to logs by the least 
squareg method." 

""' 
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TAoLE 4: NST ELECTRICAL ENERGY AND GROSS NATIONAL PRODUc·r; 3U£-1 ARY OF GRO~·JTH 
RATES ~~D AMOUNT OF GROHTH 

l'1ethod of Actual ·'chian·ge 
Computing Growth Amount of from Each 

Grmvth Rate /a Rate (%) ·Change Method 

Net Electrical Energy (billion klrlh) 

Glover 7.13 5,700 5,692 

Pesek No. 6 6.62 5,700 5,696 

Exponential Curve 6.73 5,700 5,556 

Terminal Points 7.1 5,700 6,579 

Gross National Product (billion dollars, 1929 prices) 

Glover 3.50 2,054 2,050 

Pesek No. 6 3.o6 2,054 2,051 

Exponential Curve 3.37 2,054 2,669 

Terminal Points 3.3 2,054 2,284 

~ Exponential curve refers to "exponential curve fit to logs by the 
least squares method.u 

. , 
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TABLE 5: SUH OF D~:VIATIONS FROI·~ GLOV:S..,ct 'S Tr:~END, CHI-SQl'ARE "f l-iST AND 
IND-:i:X 0? INSTABILITY OF G~t.o-: .. !-TH 

1:Iorld Production (million pounds ) 

Sum of 
Deviations 

from Glover's 
Trend 

Australia 0 

South Africa + 2 

New Zealand + 1 

Areentina + 1 

United Kingdom + 2 

Uruguay - 1 

United States 0 

Others - 1 

Free Horld - 1 

Communist Bloc + 1 

1iiorld Total - 4 

Gross National Product (billions US$) - 4 

Net Electrical Energy (billions k1fu) - 8 

Chi-square 
rest 

19.40 

6.40 

l.S2 

4.80 

0.80 

9.60 

2.00 

4.80 

10. 80 

9.60 

13.20 

34.24 

35.68 

Index of 
Instability 

of GrOl-lth (% ) 

3.9 

4.7 

1.6 

3.1 

2.2 

7.2 

3.3 

2.3 

1.6 

4.0 

3.8 

1(· .4 

10.6 

Note: All chi-square tests are not significant at the 2.5% probability level; 
t herefore, the null hypothesis is accepted. 
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APPENDIX 

Calculation of the Glover Method 

In order to provide a basis for a thorough understanding of the Glover 

Method and, most importantly, its application to the measurement of economic 

growth, an examination of the computational steps involved will prove helpful. 

this is: 

The first step is to calculate the mean value, or M. The formula for 

where: X = 

y = 

M = ~ :xy 
2. y 

number of times a given 

removed from the origin 

beginning with zero for 

vation. 

actual observation value 

observation is 

time period, 

the first obser-

For the first observation, "x" takes the value of zero, since the 

obser·vation in the first time period is the origin. Thereafter, "x" proceeds 

C:' rithmetically; 1, 2, 3, 4, ••• n-1. The res1Jltant mean value 0·1) represent, 

as n ~; ted earlier, the weighted mean of the "x" series, or number of times 

removed from the origin. Economically speaking, this makes a great deal of 

sense. For, given two variables such as, say, GNP and Electricity output each 

with the same number of observations, the one with the larger mean value (1'1) 

would naturally have the larger growth rate. The mean value is not tied to any 

specific kind of data and, in a sense, is not influenced by the kind of 

variable used (which is important in a growth rate calculation). Conversely, 

given two variables each with the same mean value (H) but with different number 

of observations, the one with the fewer number of observations would have the 

larger growth rate. 
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The next step is the calculation of rta,n or the trend value for the 

point or origin: 

(2) a • r - [(n - M) 
n 

(r - 1jl 

As can be seen "r'' is required for the solution of "a." Once 11 M" 

is obtained, the rate of growth, "r," can be secured by finding the correspond

ing "r" in the mean value table shown by Glover /16. This table is set up as 

follows: 

Growth rate Number of observations ( n~ 
r 2 _l_ 4 l • • • 

1.000 
1.001 MEAN VALUES 
1.002 

• 

Given the mean value and the number of observations, it becomes a 

simple task to pick off the corresponding growth rate. 

In the evmt of a negative rate of change the following modification 

is made in the solution for ttrn /17. 

See Mean Value Tables at the ead of this appendix. 

I wish to thank Mr. Charles Wittmann of the u.s. Department of Agriculture 
for drawing my attention to this modification. 
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a) n - 1 - :r1 = N' 

b) find a hypothetical "r" using M' 

c) then 1 (this is used to obtain "a") 
r 

d) 1 - 1 rate of decline ---r 
Solving for "a" in a negative rate of change problem requires the use 

of ''1" from step c above. 
r 



MEAN VALUE TABLES 



Mean Value Table to Fit Exponential Growth Curve y-ar" 
to n Obaerved Statletical Ordinates 

n-1 n-1 

M • Es,.,y,/ ~oY•-n/ (1- r·") -1/ (1- r· 1
) 

• • 
r n-2 n-3 n-4 r I n-2 n-3 n-4 , 

-----
1.001 0.!1002 1.0007 1.!1012 1.0!11 I 0.!1124 1.0331 1.!1621 

2 0.!1005 1.0013 1 .!102!5 !12 0 .!1127 1.0338 1.!1833 
3 0.!1007 1.0020 1.!1037 53 0.!1121 1.0344 1.!184!1 
4 0.!1010 1.0027 1.!10!10 !14 0.!1131 1.03!10 1.!16!17 
!I 0.!1013 1.0033 1.!1062 !IS 0.!1134 1.03!17 1.!1661 

' 0.!101!1 1.0040 1.!107!1 56 0 .!1136 1.0363 1.!1681 
7 0.!1011 1.0047 1.!1017 !17 0.!5131 1.0381 1.!1612 
8 0.!1020 1.00!13 1.5100 !18 0.5141 1.0378 1.!1704 
I 0.!1022 1.0080 1.!5112 !51 0.!5143 1.0382 1.!5718 

10 0.150215 1.0088 1.15124 60 0.5146 1.0388 1.15728 

1.011 0.15027 1.0073 1.!1137 1.061 0.!5148 1.031!1 1.5731 
12 0.5030 1.0071 1.!5141 62 0.!51!50 1.0401 1.!1751 
13 0.5032 1.0088 1.!1161 63 0.!11!13 1.0407 1.5783 
14 0 .!1035 1.0013 1.!1174 64 0.!51 !5!1 1.0413 1.577!1 
115 0 . !1037 1.00tt 1.!11 &6 6!5 O.!II!S7 1.0420 1.!1788 

18 0.!1040 1.0108 1.!5118 86 0.!1160 1.0428 1.!1718 
17 0 .!1042 1.0112 1.!5211 87 0.!5182 1.0432 1.!1810 
18 0.!104!1 1.0111 1.!1223 68 0.!5184 1.0438 1.!1821 
11 0.!1047 1.012!1 1.!523!1 61 0.!1187 1.0444 1.!1833 
20 0 .!50!10 1.0132 1.!1248 70 0.5181 1.0451 1.!584!1 

1.021 0.!10!12 1.0131 1.!1280 1.071 0.!5171 1.04!57 1.58!18 
22 0 .!10!54 1.0145 1.!5272 72 0.!5174 1.0483 1.!1888 
23 0.!50!17 1.01 !12 1.!5284 73 0.!5178 1.0469 1.5871 
24 0.!50!51 1.01!58 1.!5296 74 0 .!5178 1.0476 1.15811 
2!1 0.!5082 1.0165 1.!5309 7!5 0.!5181 1.0482 1.!1103 

26 0.!5064 1.0171 1 .!5321 76 0.!5183 1.0488 1.!5114 
27 0.!5067 1.0178 1.!5333 77 0.!518!5 1.0494 1.!5128 
28 0.!5061 1.0184 1.!134!5 78 0.5188 1.0!500 1.!1137 
29 0.!5071 1.0111 1 .!53 !57 79 0.!5190 1.0506 1.!1141 
30 0 .!1074 1.0117 1.!5361 80 0.!5192 1.0!513 1.!5980 

1.031 0.!5078 1.0203 1.!5382 1.081 0.519!5 1.0!519 1.!5972 
32 0.!5071 1.0210 1.!5394 82 0.!5197 1.0!52!1 1.!5983 
33 0.!5081 1.0218 1.!5406 83 0.5199 1.0!531 1.!599!1 
34 0.!5084 1.0223 1.!5418 84 0.!5202 1.0!537 1.6006 
3!S 0.!5088 1.0221 1.!5430 8!5 0.5204 1.0!543 1.6018 . 
38 0.!5088 1.0236 1.!5442 86 0 . !5206 1.0549 1.6029 
37 0.!5091 1.0242 1.!54!54 87 0.5208 1.0!5!56 1.6041 
38 0.!5093 1.0241 1.!5466 88 0.5211 1.0562 1.60!52 
31 0.!5096 1.02!5!5 1.!5478 89 0.5213 1.0568 1.6064 
40 0.!5018 1.0261 1.5490 90 0.5215 1.0574 1.807!5 

1.041 0.5100 1.0268 1.!5!502 1.091 0.!5218 1.0!580 1.6086 
42 0.!5103 1.0274 1.5514 92 0.5220 1.0!588 1.6098 
43 0.5105 1.0281 1.5!526 93 0.5222 1.0!592 1.6109 
44 0.!5108 1.0287 1.5538 94 0.5224 1.0598 1.6120 
4!5 0.5110 1.0293 1.5!550 9!5 0.5227 1.0604 1.6132 

46 0.!5112 1.0300 1.!5!562 96 0.!5229 1.0610 1.6143 
47 0.!511!5 1.0306 1.5!574 97 0.5231 1.0616 1.81!54 
48 0.!5117 1.0312 1.!5586 98 0.!5234 1.0622 1.6166 
49 0.!5120 1.0319 1.5598 99 0.!5236 1.0628 1.6177 
!SO 0.!5122 1.032!5 1.5601 1.100 0.!5238 1.0634 1.8188 

r-(n-M)(r-1) "~1 
a= n ~oYi 

0 
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Mean Value Table to Fit Exponential Growth Curve y=ar$ 
ton Observed Statistical Ordinates 

n-1 n-1 

r n=5 n=6 n=1 r n=5 n=6 n=.1 

1.001 2 .0020 2.5029 3.0040' 1.051 2.0994 2.6449 3.1986 
2 2.0040 2.5058 3.0080 52 2.1013 2.6476 3.2023 
3 2.0060 2.5087 3.0120 53 2.1032 2.6504 3.2061 
4 2.0080 2.5117 3.0160 54 2.1051 2.6531 3.2099 
5 2.0100 2.5145 3.0200 55 2.1069 2.6!559 3.2137 

6 2.0120 2.5175 3.0239 56 2.1088 2.6!586 3.2174 
7 2.0140 2.5204 3.0279 !57 2.1107 2.6613 3.2212 
8 2.0159 2.5232 3.0319 !58 2.1126 2.6641 3.2249 
9 2.0179 2.5261 3.0358 !59 2.114!5 2.6669 3.2287 

10 2.0199 2.5290 3.0398 60 2.1164 2.6696 3.2324 

1.011 2.0219 2.5319 3.0438 1.061 2.1182 2.6723 3.2362 
12 2.0239 2.5348 3.0477 62 2.1201 2.6751 3.2399 
13 2.0258 2.5377 3.0517 63 2.1220 2.6778 3.2436 
14 2.0278 2.5405 3.0556 64 2.1239 2.6805 3.2473 
15 2.0298 2.5434 3.0595 6!5 2.12!57 2.6832 3.2!511 

16 2.0317 2.5463 3.0635 66 2.1276 2.68!59 3.2548 
17 2.0337 2.5492 3.0674 67 2.1295 2.6887 3.2585 
18 2.o357 2 .5520 3.0713 68 2.1313 2.6914 3.2622 
19 2.0376 2.5549 3 . 0753 69 2.1332 2.6941 3.2659 
20 2.0396 2.5577 3.0792 70 2.1351 2.6968 3.2696 

1.021 2.0416 2.5606 3.0831 1.071 2.1369 2.6995 3.2733 
22 2.0435 2.5635 / 3.0870 72 2.1388 2.7022 3.2770 
23 2.0455 2.5663 3.0909 73 2.1406 2.7049 3.2807 
24 2.0474 2.5692 3.0948 74 2.1425 2.7076 3.2844 
25 2.0494 2.5720 3.0987 75 2.1443 2.7103 3.2880 

26 2.0513 2.5748 3.1026 76 2.1462 2.7129 3.2917 
27 2 .0533 2.5777 3.1065 77 2.1480 2.7156 3.2954 
28 2.0552 2.5805 3.1104 78 2.1498 2.7183 3.2990 
29 2.0572 2.5833 3.1143 79 2.1517 2.7210 3.3027 
30 2.0591 2.5862 3.1181 80 2.1535 2.7237 3.3063 

1.031 2.0610 2.5890 3.1220 1.081 2.1554 2.7263 3.3100 
32 2.0630 2.5918 3.1259 82 2.1572 2.7290 3.3136 
33 2 .0649 2.5946 3.1298 83 2.1590 2.7317 3.3173 
34 2.0668 2.5975 3.1336 84 2.1609 2.7343 3.3209 
35 2.0688 2.6003 3.1375 85 2.1627 2.7370 3.3245 

36 2.0707 2.6031 3.14D 86 2.1645 2.7396 3 .3281 
37 2.0726 2.6059 3.1452 87 2.1663 2.7423 3.3318 
38 2.0745 2.6087 3.1490 88 2.1682 2.7449 3.3354 
39 2.0765 2.6115 3.1528 89 2.1700 2.7476 3.3390 
40 2.0784 2.6143 3.1567 90 2.1718 2.7502 3.3426 

1.041 2.0803 2.6171 3.1605 1.091 2.1736 2.7528 3.3462 
42 2.0822 2.6199 3.1643 92 2.1754 2.75!5!5 3.3498 
43 2.0841 2.6227 3.1682 93 2.1772 2.7581 3.3534 
44 2.0860 2.6254 3.1720 94 2.1791 2.7607 3.3570 
45 2 .0880 2.6282 3 . 1758 95 2.1809 2.7634 3.3605 

46 2.0899 2.6310 3.1796 96 2.1827 2.7660 3.3641 
47 2.0918 2.6338 3.1834 97 2.1845 2.7686 3.3677 
48 2.0937 2.6366 3.1872 98 2.1863 2.7712 3.3713 
49 2.0956 2.6393 3.1910 99 2.1881 2.7738 3.3748 
50 2.0975 2.6421 3.1948 1.100 2.1899 2.7764 3.3784 

r- (n-M)(r-1) n-
1 

a= LoYi n o 
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Mean Value Table to Fit Exponential Growth Curve y=ar• 
ton. Observed Statistical Ordinates 

n-1 n-1 

M= LX;•oY; / ~oYi=n/(1-r-n) -1/(1-r-1
) 

It 0 

r n=8 n=9 n=IO r n=8 n=9 n=IO 

1.001 3.50!52 4.0067 4.5082 1.051 3.7604 4.3305 4.9087 
2 3.5105 4.0133 4.5165 52 3.7654 4.3368 4.9164 
3 3.5157 4.0200 4.!5247 53 3.7703 4.3430 4.9242 
4 3.5210 4.0266 4.5329 54 3.7746 4.3493 4.9319 
5 3.5262 4.0333 4.5412 55 3.7802 4.3555 4.9396 

6 3.5314 4.0399 4.5494 56 3.7851 4.3618 4.9473 
7 3.5366 4.0465 4.5576 57 3.7901 4.3680 4.9550 
8 3.5418 4.0531 4.5657 58 3.7950 4.3742 4.9627 
9 3.5470 4.0!597 4.5739 59 3.7999 4.380!5 4.9703 

10 3.5522 4.0663 4.!5821 60 3.8048 4.3867 4.9780 

1.011 3.5!574 4.0729 4.5902 1.061 3.8097 4 .3929 4.9856 
12 3.5626 4.0795 4.5984 62 3.8146 4.3991 4.9933 
13 3.5678 4.0861 4.6065 63 3.8195 4.4052 5.0009 
14 3.5730 4.0927 4.6147 64 3.8243 4.4114 5.0085 
15 3.5781 4.0992 4.6228 65 3.8292 4.4176 !5.0161 

16 3.5833 4.1058 4.6309 66 3.8341 4.4237 5.0237 
17 3.588!5 4.1123 4.6390 67 3.8389 4.4299 5.0313 
18 3.5936 4.1189 4.6471 68 3.8438 4.4360 5.0388 
19 3.5988 4.12!54 4.6!552 69 3.8486 4.4421 5.0464 
20 3.6039 4.1319 4.6633 70 3.8!535 4.4483 5.0!539 

1.021 3.6091 4.138!5 4.6713 1.071 3.8583 4.4544 5.0615 
22 3.6142 4.1450 4.6794 72 3.8631 4.4605 5.0690 
23 3.6193 4.1515 4.6874 73 3.8679 4.4666 5.0765 
24 3.6244 4.1580 4.6955 74 3.8727 4.4727 5.0840 
2!5 3.6296 4.1645 4.7035 75 3.8775 4.4787 5.0915 

26 3.6347 4.1710 4.7115 76 3.8823 4.4848 !5.0989 
27 3.6398 4.1774 4.7195 77 3.8871 4.4908 5.1064 
28 3.6449 4.1839 4.727!5 78 3.8919 4 .4969 5.1138 
29 3.6!500 4.1904 4.7355 79 3.8967 4.5029 5.1213 
30 3.6!550 4.1968 4.7435 80 3.9015 4.5090 5.1287 

1.031 3.6601 4.2033 4.7515 1.081 3.9062 4.5150 5.1361 
32 3.66!52 4.2097 4.7594 82 3.9110 4.5210 !5.1435 
33 3.6703 4.2161 4.7674 83 3.9158 4.5270 5.1509 
34 3.67!53 4.2226 4.77!53 84 3.9205 4.5330 !5.1 !583 
35 3.6804 4.2290 4.7832 85 3.92!52 4.!5390 5.16!56 

36 3.6854 4.2354 4.7912 86 3.9300 4.5450 5.1730 
37 3.6905 4.2418 4.7991 . 87 3.9347 4.!5509 5.1803 
38 3.69!55 4.2482 4.8070 88 3.9394 4.5569 5.1876 
39 3.700!5 4.2!54!5 4.8149 89 3.9441 4.!5628 5.1949 
40 3.70!56 4.2609 4.8227 90 3.9488 4.5688 5.2022 

1.041 3.7106 4.2673 4.8306 1.091 3.9535 4.5747 5.2095 
42 3.71!56 4.2736 4.8385 92 3.9582 4.5806 5.2168 
43 3.7206 4.2800 4.8463 93 3.9629 4.5865 5.2241 
44 3.7256 4.2863 4.8541 94 3.9676 4.5924- 5.2313 
45 3.7306 4.2927 4.8620 95 3.9723 4.5983 5.2385 

46 3.7356 4.2990 4.8698 96 3.9769 4.6042 !5.2458 
47 3.7406 4.30!53 4.8776 97 3.9816 4.6101 !5.2!530 
48 3.7456 4.3116 4.8854 98 3.9862 4.6159 !5.2602 
49 3.7!508 4.3179 4.8931 99 3.9909 4.6218 5.2674 
50 3.7!5!5!5 4.3242 4.9009 1.100 3.99!55 4.6276 !5.2745 

n-(n-M)(r-1) n-t 
a= . ~oYi 

n • 
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Mean Value Table to Fit Exponential Growth Curve y=a,.. 
to n Observed Statistical Ordinates 

n-1 n-1 

M =!:.xi. oYi / !:oYi =n/(1-r-") -1/(1-r-1
) 

0 • 

r n=ll n=l2 n=l3 r n=ll n=l2 n=l3 

1.001 5.0100 5.5119 6.0140 1.051 5.4949 6.0892 6.69J.6 
2 5.0200 5.5238 6.0280 52 5.5043 6.1004 6.70.46 
3 5.0299 5.5357 6.0419 53 5.5137 6.1115 6.7176 
4 5.0399 5.5476 6.0560 54 5.5230 6.1226 6.7306 
5 5.0500 5.5594 6.0698 55 5.5323 6.1337 6.7436 

6 5.0598 5.5713 6.0837 56 5.5416 6.1447 6.7565 
7 5.0698 5.5831 6.0977 57 5.5509 6.1557 6.7614 
8 5.0797 5.5949 6.1115 58 5.5602 6.1668 6.7823 
9 5.0896 5.6068 6.1254 59 5.5695 6.1778 6.7952 

10 5.0995 5.6186 6.1393 60 5.5787 6.1887 6.8080 -
1.011 5.1094 5 . 6303 6.1531 1.061 5.5879 6.1997 6.8208, 

12 5.1192 5 . 6421 6 . 1669 62 5.5972 6.2106 6.8336 
13 5.1291 5.6539 6.1807 63 5.6064 6.2216 6.8464 
14 5.1390 5.6656 6.1945 64 5 . 6156 6.2325 6.8592 
15 5.1488 5.6773 6.2083 65 5.6247 6.2434 6.8719 

16 5.1587 5.6890 6.2221 66 5.6339 6.2542 6.8846 
17 5 . 1685 5.7007 6 .2358 67 5.6430 6 .2651 6.8973 
18 5 . 1783 5.7124 6.2495 68 5.6522 6.2759 6.9099 
19 5.1881 5 .7241 6 .2632 69 5.6613 6.2867 6.9226 
20 5.1979 5 .7358 6.2769 70 5.6704 6.2975 6.9352 

1.02.1 5.2076 5 .7474 6.2906 1.071 5.6795 6 .3083 6.9477 
22 5.2174 5 .7590 6.3042 72 5.6885 6.3190 6.9603 
23 5.2272 5 .7706 6.3179 73 5 . 6976 6.3297 6.9728 
2.4 5 .2369 5.782.2 6.3315 74 5.7066 6.3404 6.9853 
25 5.2466 5 .7938 6.3451 75 5.7156 6.3511 6 .9978 

26 5.2563 5.8054 6.3587 76 5.7246 6.3618 7.0102 
27 5.2660 5.8169 6.3722 77 5.7336 6.3724 7.0227 
28 5.2757 5.8285 6.3858 78 5.7426 6.3831 7.0351 
29 5.2854 5 .8400 6.3993 79 5.7516 6.3937 7.0474 
30 5.2951 5.8515 6.4128 80 5 .7605 6.4043 7.0598 

1.031 5.3047 5.8630 6.4263 , .081 5.7694 6.4148 7 .0721 
32 5.3144 5.8745 6.4397 82 5.7783 6 .4254 7.0844 
33 5.3240 5.8859 6.4532 83 5.7872 6 .4359 7.0967 
34 5.3336 5.8974 6.4666 84 5.7961 6.4464 7.1089 
35 5.3432 5.9088 6.4800 85 5.8050 6.4569 7.1211 

36 5 .3528 5.9202 6.4934 86 5.8138 6.4673 7.1333 
3 7 5.3623 5.9316 6.5068 87 5.8226 6.4778 7.1455 
38 5.3719 5.9430 6.5201 88 5.8315 6.4882 7.1576 
39 5 .3815 5.9543 6.5334 89 5.8403 6.4986 7.1698 
40 5.3910 5 .9657 6.5467 90 5.8490 6 .5090 7.1818 

1.041 5.4005 5.9770 6.5600 1.091 5.8578 6.5193 7.1939 
42 5.4100 5.9883 6.5732 92 5.8666 6.5297 7 .2059 
43 5.4195 5.9996 6.5865 93 5 .8753 6.5400 7 .2179 
44 5.4290 6.0108 6.5997 94 5.8840 6.5503 7.2299 
45 5.4384 6.0221 6.6129 95 5.8927 6.5606 7.2419 

46 5.4479 6.0333 6.6260 96 5.9014 6.5708 7.2538 
47 5.4573 6.0445 6.6392 97 5.9100 6 .5810 7.2657 
48 5.4668 6.0558 6.6523 98 5.9187 6.5912 7.2776 
49 5.4762 6.0669 6.6654 99 5.9273 6.6014 7.2894-
so 5.4856 6.0781 6.6785 1.100 5.9359 6.61 H5 7.3012 

r- (n-M)(r-1) n-t 

a= n !:oYi 
0 
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Mean Value Table to Fit Exponential Growth Curve y=ar• 
to n Observed Statistical Ordinates 

n-1 n-1 

M = :Exi"oYi / :EoYi.=n/(1-r-n) -1/(1-r-1
) 

• • 
r n=l4 n=15 n=l6 r I n=l4 I n=l5 n=l6 

1.001 6.5163 7.0187 7.5212 1.051 7.3018 7.9200 8.5460 
2 6.5325 7.0373 7.5425 52 7.3169 7.9372 8.5656 
3 6.5487 7.0559 7.5636 53 7.3319 7.9545 8.5851 
4 6.5649 7.0745 7.5848 54 7.3470 7.9716 8.6046 
5 6.5810 7.0931 7.6060 55 7.3620 7.9888 8 .6240 

6 6.5972 7.1117 7.6271 56 7.3769 8.0059 8.6434 
7 6.6133 7.1302 7.6482 57 7.3919 8.0230 8.6628 
8 6.6295 7.1487 7.6693 58 7.4068 8.0400 8.6821 
9 6.6456 7.1672 7.6903 59 7.4216 8.0571 8.7013 

10 6.6616 7.1857 7.7114 60 7.4365 8.0740 8.7206 

1.011 6.6777 7.2041 7.7324 1.061 7.4513 8.0910 8.7398 
12 6.6937 7.2225 7.7533 62 7.4661 8.1079 8.7589 
13 6.7098 7.2410 7.7743 63 7.4808 8.1247 8.7780 
14 6.7258 7.2593 7.7952 64 7.4956 8.1415 8.7970 
15 6.7418 7.2777 7.8161 65 7.5103 8.1583 8.8160 

16 6.7577 7.2960 7.8369 66 7 .5249 8.1751 8.8350 
17 6.7737 7.3143 7.8578 67 7.5396 8.1918 8.8539 
18 6.7896 7.3326 7.8786 68 7.5542 8.2085 8.8727 
19 6.8055 7.3509 7.8994 69 7.5687 8.2251 8.8916 
20 6.8214 7.3691 7.9201 70 ~; 7.5833 8.2417 8.9103 

1.021 6.8372 7.3873 7.9408 1.071 ' 7.5978 8.2583 8.9290 
22 6.8531 7 .4055 7 .9615 72 7.6123 8.2748 8.9477 
23 6.8689 7.4236 7.9821 73 7.6267 8.2913 8.9663 
24 6.8847 7.4418 8.0028 74 7.6411 8.3077 8.9849 
25 6.9005 7.4599 8.0234 75 7.6555 8.3241 9.0034 

26 6.9162 7.4779 8.0439 76 7.6699 8.3405 9.0219 
27 6.9319 7.4960 8.0644 77 7.6842 8.3568 9.0404 
28 6 .9476 7.5140 8.0849 78 7.6985 8.3731 9.0587 
29 6.9633 7.5320 8.1054 79 7.7127 8.3893 9.0771 
30 6.9790 7.5500 8.1258 80 7.7269 8.4055 9.0954 

1.031 6.9946 7.5679 8.1462 1.081 7.7411 8.4217 9.1136 
32 7.0102 7.5858 8.1665 82 7.7553 8.4378 9 . 1318 
33 7 .0258 7.6037 8.1868 83 7.7694 8.4539 9.1499 
34 7 .0413 7.6215 8.2071 84 7.7835 8.4700 9.1680 
35 7.0569 7.6393 8.2274 85 7.7976 8.4860 9.1861 

36 7.0724 7.6571 8.2476 86 7.8116 8.5019 9.2041 
37 7.0879 7.6748 8.2677 87 7.8256 8.5178 9.2220 
38 7.1033 7.6926 8.2879 88 7.8396 8.5337 9.2399 
39 7.1187 7.7103 8.3079 89 7.8535 8.5495 9.2577 
40 7.1341 7.7279 8.3280 90 7.8674 8.5654 9.2755 

1.041 7.1495 7.7455 8.3480 1.091 7.8812 8.5811 9.2933 
42 7.1649 7.7631 8.3680 92 7.8951 8.5968 9.3110 
43 7.1802 7.7807 8.3879 93 7.9089 8.6125 9.3286 
44 7.1955 7 .7982 8.4078 94 7.9226 8.6282 9.3462 
45 7.2108 7.8157 8.4277 95 7.9364 8.6437 9.3637 

46 7.2260 7.8332 8.4475 96 7 .9500 8.6593 9.3812 
47 7.2412 7.8506 8.4673 97 7.9637 8.6748 9.3987 
48 7.2564 7.8680 8.4870 98 7.9773 8.6903 9.4160 
49 7.2716 7.8854 8.5067 99 7.9909 8.7057 9.4334 
50 7.2867 7.1027 8.5264 1.100 8.0045 8.7211 9.4507 

r- (n-M)(r-1) n-t 
a= :EoYi 

n • 
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Mean Value Table to Fit Exponential Growth Curve y=ar" 
ton Observed Statistical Ordinates 

n-1 n-1 

M= ~Xi•oYi/ l:oyi=n/(1-r-n)-1/(1-r-1
) 

0 . 0 

r n=l7 n=l8 n=l9 r n=l7 n=l8 n=l9 

1.001 8.0240 8.5269 9.0300 1.051 9.1798 9.8213 10.4704 
2 8.0480 8.5538 9.0599 52 9.2018 9.8459 10.4977 
3 8.0719 8.5806 9.0899 53 9.2237 9.8704 10.5249 
4 8.0958 8.6074 9.1198 54 9.2457 9.8948 10.5521 
s 8.1197 8.6342 9.1496 55 9.2675 9.9192 10.5791 

6 8.1435 8.6610 9.1794 56 9.2893 9 .9436 10.6061 
7 8.1674 8.6877 9.2092 57 9.3111 9.9679 10.6330 
8 8.1912 8.7144 9.2390 58 9.3328 9.9921 10.6598 
9 8.2149 8.7411 9.2687 59 9.3544 10.0162 10.6866 

10 8.2387 8.7677 9.2983 60 9.3760 10.0403 10.7133 

1.011 8.2624 8.7943 9.3280 1.061 9.3976 10.0643 10.7399 
12 8.2861 8.8208 9.3575 62 9.4191 10.0883 10.7664 
13 8.3097 8.8474 9.3871 63 9.4405 10.1122 10.7929 
14 8.3334 8.8738 9.4166 64 9.4619 10.1360 10.8192 
15 8.3569 8.9003 9.4461 65 9.4832 10.1597 10.8455 

16 8.3805 8.9267 9.4755 66 9.5045 10.1834 10.8717 
17 8.4040 8.9530 9.5048 67 9.5257 10.2071 10.8979 
18 8.4275 8.9794 9.5342 68 9.5468 10.2306 10.9239 
19 8.4510 9.0056 9.5635 69 9.5679 10.2541 10.9499 
20 8.4744 9.0319 9.5927 70 9.5890 10.2775 10.9758 

1.021 8.4977 9.0581 9.6219 1.071 9.6100 10.3009 11.0016 
22 8.5211 9.0842 9.6510 72 9.6309 10.3242 11.0274 
23 8.5444 9.1104 9.6801 73 9.6518 10.3474 11.0530 
24 8.5677 9.1364 9.7091 74 9.6726 10.3705 11.0786 
25 8.5909 9.1625 9.7381 75 9.6933 10.3936 11.1041 

26 8.6141 9.1884 9.7670 76 9.7140 10.4166 11.1295 
27 8.6372 9.2144 9.7959 77 9.7347 10.4396 11.1548 
28 8.6603 9.2403 9.8247 78 9.7553 10.4624 11.1801 
29 8.6834 9.2661 9.8534 79 9.7758 10.4852 11.2052 
30 8.7064 9.2919 9.8821 80 9.7963 10.5080 11.2303 

1.031 8.7294 9.3176 9.9108 1.081 9.8167 10.5306 11.2553 
32 8.7524 9.3433 9.9394 82 9.8370 10.5532 11.2802 
33 8.7753 9.3690 9.9679 83 9.8573 10.5757 11.3050 
34 8.7981 9.3946 9.9963 84 9.8775 10.5982 11.3298 
35 8.8209 9.4201 10.0247 85 9.8977 10.6206 11.3544 

36 8.8437 9.4456 10.0531 86 9.9178 10.6429 11.3790 
37 8.8665 9.4710 10.0814· 87 9.9378 10.6651 11.4035 
38 8.8891 9.4963 10.1096 88 9.9578 10.6872 11.4279 

39 8.9118 9.5217 10.1378 89 9.9778 10.7093 11.4523 

40 8.9344 9.5470 10.1658 90 9.9976 10.7311 11.4764 

1.041 8.9569 9.5722 10.1939 1.091 10.0174 10.7533 11.5006 

42 8.9794 9.5974 10.2218 92 10.0372 10.7752 11.5246 

43 9.0019 9.6225 10.2497 93 10.0569 10.7969 11.5486 

44 9.0243 9.6475 10.2776 94 10.0765 10.8187 11.5725 

45 9.0466 9.6725 10.3053 95 10.0960 10.8403 11.5963 

46 9.0690 9.6975 10.3330 96 10.1155 10.8619 11.6200 

47 9.0912 9.7224 10.3606 97 10.1350 10.8834 11.6436 

48 9.1134 ! 9.7472 10.3882 98 10.1543 10.9048 11.6671 

49 9.1356 9.7719 10.4157 99 10.1737 10.9262 11.6905 

so 9.1577 I 9.7966 10.4431 1.100 10.1929 10.9474 11.7139 

r- (n-M)(r-1) n-1 

a= ~oYi n o 
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Mean Value Table to Fit Exponential Growth Curve y = ars 
ton Observed Statistical Ordinates 

n-1 n-1 

M = ~Xi·oYi / ~oy,=n/(1-r-") -1/(1-r-1
) 

0 0 

r n=20 n=21 n=22 r n=20 n=21 n=22 

1.001 9.5332 10.0367 10.5402 1.051 11.1272 11.7915 12.4632 
2 9.5664 10.0733 10.5804 52 11.1573 11.8245 12.4992 
3 9.5996 10.1110 10.6206 53 11.1873 11.8574 12.5352 
4 9.6327 10.1464 10.6607 54 11.2172 11.8902 12.5710 
5 9.6658 10.1828 10.7007 55 11.2470 11.9229 12.6067 

6 9.6989 10.2193 10.7407 56 11.2768 11.9555 12.6423 
7 9.7319 10.2557 10.7807 57 11.3064 11.9880 12.6777 
8 9.7648 10.2920 10.8206 58 11.3360 12.0204 12.7131 
9 9.7978 10.3283 10.8604 59 11.3655 12.0527 12.7483 

10 9.8306 10.3646 10.9002 60 11.3949 12.0849 12.7834 

1.011 9.8635 10.4008 10.9399 1.061 11.4241 12.1170 12.8184 
12 9.8962 10.4369 10.9796 62 11.4534 12. 1490 12.8532 
13 9.9290 10.4730 11.0192 63 11 .4825 12. 1809 12.8879 
14 9.9617 10.5090 11.0587 64 11.5115 12.2126 12.9225 
15 9.9943 10.5450 11.0982 65 11.5404 12.2443 12.9570 

16 10.0269 10.5809 11.1376 66 11.5693 12.2759 12.9914 
17 10.0594 10.6168 11.1769 67 11.5980 12.3073 13.0256 
18 10.0919 10.6526 11.2162 68 11.6267 12.3386 13.0597 
19 10.1243 10.6883 11.2554 69 11.6552 12.3699 13.0937 
20 10.1567 10.7240 11.2945 70 11.6837 12.4010 13.1275 

1.021 10.1890 10.7596 11.3336 1.071 11.7121 12.4320 13.1612 
22 10.2213 10.7952 11.3726 72 11.7403 12.4629 13.1948 

23 10.2535 10.8306 11.4115 73 11.7685 12.4937 13.2283 

24 10.2856 10.8660 11.4503 74 11.7966 12.5243 13.2616 
25 10.3177 10.9014 11.4890 75 11.8246 12.5549 13.2948 

26 10.3497 10.9366 11.5277 76 11.8525 12.5853 13.3279 
27 10.3817 10.9718 11.5662 77 11.8803 12.6157 13.3608 
28 10.4136 11.0069 11.6047 78 11.9080 12. 6459 13.3936 
29 10.4454 11.0420 11.6431 79 11.9356 12.6760 13.4263 

30 10.4771 11 .0769 11.6814 80 11.9631 12.7060 13.4588 

1.031 10.5088 11.1118 11.7196 1.081 11.9905 12.7358 13.4912 

32 10.5405 11.1466 11.7578 82 12.0178 12.7656 13.5235 

33 10.5720 11.1813 11.7958 83 12 .0450 12.7952 13.5556 

34 10.6035 11.2160 11.8337 84 12.0721 12.8248 13.5876 

35 10.6349 11.2505 11.8716 85 12.0991 12.8542 13.6195 

36 10.6662 11.2850 11.9093 86 12.1260 12.8835 13.6512 

37 10.6975 11.3194 11.947"0 87 12. 1528 12.9126 13.6828 

38 10.7287 11.3537 11.9845 88 12. 1795 12.9417 13.7143 

39 10.7598 11.3879 12.0220 89 12.2061 12.9706 13.7456 

40 10.7909 11.4221 12.0593 90 12.2326 12.9994 13.7768 

1.041 10.8218 11.4561 12.0966 1.091 12.2589 13.0281 13.8078 

42 10.8527 11.4901 12.1337 92 12.2852 13.0567 13.8387 

43 10.8836 11.5239 12.1708 93 12.3114 13.0852 13.8695 

44 10.9143 11.5578 12.2077 94 12.3375 13.1135 13.9002 

45 10.9450 11.5914 12.2445 95 12.3635 13.1418 13.9307 

46 10.9755 11.6250 12.2813 96 12.3894 13.1699 13.9610 

47 11.0060 11.6585 12.3179 97 12.4152 13.1979 13.9913 

48 11.0364 11.6919 12.3544 98 12.4409 13.2257 14.0213 

49 11.0668 11.7252 12.3908 99 12.4664 13.2535 14.0513 

50 11.0970 11.7584 12.4270 1.100 12.4919 13.2811 14.0811 

r- (n-M)(r-1) n-
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Mean Value Table to Fit Exponential Growth Curve y=ar" 
to n Observed Statistical Ordinates 

n-1 n-1 

M = ~Xi•oYd ~oYi= n/(1-r-") -1/(1-r-1
) 

0 0 

r n=23 n=2i n=25 r n=23 n=2i rt=25 

1.001 11.0440 11.5479 12.0520 1.051 13.1423 13.8286 14.!5222 
2 11.0879 11.5957 12.1039 52 13.181!5 13.8711 14.!5680 
3 11.1318 11.6435 12.1558 53 13.220!5 13.9133 14.6136 
4 11.1756 11.6913 12.2076 54 13.2594 13.9555 14.8590 
5 11.2194 11.7389 12.2593 55 13.2982 13.9974 14.7043 

6 11.2631 11.7865 12.3110 56 13.3369 14.0393 14.7493 
7 11.3068 11.8341 12.3626 57 13.37!54 14.0809 14.7142 
8 11.3504 11.8816 12.4141 58 13.4138 14.1224 14.8389 
9 11.3940 11.9290 12.4655 59 13.4!520 14.1638 14.1Ht15 

10 11.4374 11.9263 12.5169 60 13.4901 14.2049 14 .1278 

1.011 11.4809 12.0236 12.5682 1.061 13.5280 14.2460 14.ff720 
12 11.5242 12.0708 12.6194 62 13.5659 14.2868 1, .0f')ff 
13 11.5675 12.1179 12.6705 63 13.6035 14 .3275 1!S .O'ff7 
14 11.6107 12.1649 12.7215 64 13.6410 14.3680 1!UOH 
15 11.6538 12.2119 12.7724 65 13.6784 14.4084 15.1467 

16 11.6969 12.2588 12.8232 66 13.7157 14.4486 15.184)9 
17 11.7399 12.3055 12.8740 67 13.7528 14.4886 15.2330 
18 11.7828 12.3522 12.9246 68 13.7897 14.5285 15.2758 
19 11.8256 12.3988 12.9751 69 13.8265 14.5681 15.3184 
20 11.8683 12.4453 13.0255 70 13.8631 14.6077 15.3609 

1.021 11.9110 12.4917 13.0759 1.071 13.8996 14.6470 15.4032 
22 11.9535 12.5380 13.1260 72 13.9360 14.6862 15 .. U52 
23 11.9960 12.5842 13.1761 73 13.9722 14.7252 15.4871 
24 12.0384 12.6303 13.2261 74 14.0083 14.7640 15 .5288 
25 12.0807 12.6763 13.2759 75 14.0442 14.8027 15.5702 

26 12.1229 12.7222 13.3256 76 14.0799 14.8412 15.6115 
27 12.1650 12.7680 13.3752 77 14.1155 14.8795 15 .6526 
28 12.2070 12.8136 13.4247 78 14.1509 14.9176 15.6935 
29 12.2489 12.8592 13.4740 79 14.1862 14.9556 15.7341 
30 12.2907 12.9046 13.5232 80 14.2214 14.9934 15.7746 

1.031 . 12.3324 12.9499 13.5723 1.081 14.2564 15.0310 15.8150 
32 12.3739 12.9951 13.6212 82 14.2912 15.0684 15.8550 
33 12.4154 13.0402 13.6700 83 14.3259 15.1057 15.8949 
34 12.4568 13.0851 13.7187 84 14.3604 15.1428 15.9345 
35 12.4981 13.1299 13.7672 85 14.3948 15.1797 15.9740 

36 12.5392 13.1746 13.8155 86 14.4290 15. 2164 16.0133 
37 12.5803 13.2192 13.8637 87 14.4630 15.2530 16.0524 
38 12.6212 13.2636 13.9118 88 14.4969 15.2894 16.0913 
39 12.6620 13.3079 13.9597 89 14.5307 15.3256 16.1300 
40 12.7027 13.3521 14.0075 90 14.5643 15.3616 16.1684 

1.041 12.7433 13.3961 14.0551 1.091 14.5977 15.3974 16.2067 
42 12.7837 13.4400 14.1025 92 14.6310 15.4331 16.2447 
43 12.8241 13.4838 14.1498 93 14.6641 15.4686 16.2826 
44 12.8643 13.5274 14.1969 94 14.6970 15.5039 16.3203 
45 12.9044 13.5709 14.2439 95 14.7299 15.5390 16.3577 

46 12.9444 13.6142 14.2907 96 14.7625 15.5739 16.3950 
47 12.9842 13.6574 14.3373 97 14.7950 15.6087 16.4321 
48 13.0239 13.7004 14.3838 98 14.8273 15.6433 16.4686 
49 13.0635 13.7433 14.4301 99 14.8595 15.6777 16.5056 
50 13.1029 13.7860 14.4762 1.100 14.8915 15.7119 16.5420 
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Mean Value Table to Fit Exponential Growth Curve y=ars 
ton Observed Statistical Ordinates 

n-1 n-1 

M = LXi•oYi / LoYi = n/(1-r-n) -1/(1-r-1
) 

0 0 

T n=26 n=27 n=28 T n=26 n=27 n=28 

1.001 12.5562 13.0606 13.5652 1.051 15.2229 15.9306 16.6452 
2 12.6124 13.1212 13.6304 52 15.2721 15.9833 16.7016 
3 12.6685 13.1817 13.6954 53 15.3211 16.0358 16.7577 
4 12.7245 13.2421 13.7604 54 15.3699 16.0881 16.8136 
5 12.7805 13.3025 13.8253 55 15.4185 16.1402 16.8691 

6 12.8364 13.3627 13.8901 56 15.4670 16.1920 16.9245 
7 12.8922 13.4229 13.9549 57 15.5152 16.2437 16.9796 
8 12.9479 13.4830 14.0195 58 15.5632 16.2950 17.0344 
9 13.0035 13.5430 14.0840 59 15.6110 16.3462 17.0889 

10 13.0591 13.6029 14.1484 60 15.6586 16.3971 17.1432 

1.011 13.1145 13.6627 14.2127 1.061 15.7059 16.4477 17.1972 
12 13.1699 13.7224 14.2769 62 15.7531 16.4981 17.2509 
13 13.2252 13.7820 14.3410 63 15.8000 16.5483 17.3044 
14 13.2803 13.8415 14.4049 64 15.8468 16.5983 17.3576 
15 13.3354 13.9008 14.4687 65 15.8933 16.6480 17.4105 

16 13.3903 13.9600 14.5323 66 15.9396 16.6974 17.4632 
17 13.4452 14.0191 14.5959 67 15.9857 16.7466 17.5156 
18 13.4999 14.0781 14 .6592 68 16.0316 16.7956 17.5677 
19 13.5545 14.1370 14.7225 69 16.0772 16.8443 17.6195 
20 13.6090 14.1957 14 .7855 70 16.1227 16.8928 17.6711 

1.021 13.6634 14.2542 14.8485 1.071 16. 1679 16.9410 17.7223 
22 13.7176 14.3127 14.9112 72 16.2129 16.9890 17.7733 
23 13.7717 14.3709 14.9738 73 16.2577 17.0367 17.8240 
24 13.8257 14.4291 15.0362 74 16.3022 17.0842 17.8745 
25 13.8795 14.4870 15.0985 75 16.3465 17.1314 17.9246 

26 13.9332 14.5448 15.1606 76 16.3906 17.1784 17.9745 
27 13 .9867 14.6025 15.2225 77 16.4345 17.2251 18.0241 
28 14.0401 14.6600 15.2842 78 16.4782 17.2716 18.0734 
29 14.0934 14.7173 15.3457 79 16.5216 17.3178 18.1224 
30 14.1465 14.7745 15.4070 80 16.5648 17.3637 18.1711 

1.031 14.1995 14.8314 15.4682 1.081 16.6078 17.4094 18.2196 
32 14.2523 14.8882 15.5291 82 16.6506 17.4549 18.2677 
33 14.3049 14.9449 15.5898 83 16.6931 17.5001 18.3156 
34 14.3574 15.0013 15.6504 84 16.7354 17.5450 18.3632 
35 14.4097 15.0576 15.7107 85 16.7775 17.5897 18.4105 

36 14.4619 15.1136 15.7708 86 16.8193 17.6342 18.4576 
37 14.5139 15.1695 15.8307 87 16.8609 17.6783 18.5043 
38 14.5657 15.2252 15.8904 88 16.9023 17.7223 18.5508 
39 14.6173 15.2807 15.9498 89 16.9435 17.7659 18.5970 
40 14.6688 15.3360 16.0091 90 16.9844 17.8094 18.6429 

1.041 14.7201 15. 3911 16.0681 1.091 17.0252 17.8525 18.6885 
42 14.7712 15.4460 16.1269 92 17.0656 17.8954 18.7338 
43 14.8221 15.5007 16.1854 93 17.1059 17.9381 18.7788 
44 14.8729 15.5552 16.2438 94 17.1459 17.9805 18.8236 
45 14.9235 15.6095 16.3018 95 17.1857 18.0226 18.8681 

46 14.9738 15.6635 16.3597 96 17.2253 18.0645 18.9123 
47 15.0240 15.7174 16.4173 97 17.2647 18.1062 18.9562 
48 15.0740 15.7710 16.4746 98 17.3038 18.1475 18.9998 
49 15.1238 15.8244 16.5318 99 17.3427 18.1887 19.0432 
50 15.1734 15.8776 16.5886 1.100 17.3814 18.2296 19.0863 

I 
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Mean Value Table to Fit Exponential Growth Curve y=ar 
to n Observed Statistical Ordinates 

n-1 n-1 

M= ~Xi•oYi/ ~oYi=n/(1-r-") -1/(1-r-1
) 

0 • 

r I n=29 n=30 n=31 r n=29 n=30 I n=31 

1.001 14.0700 14.5749 15.0800 1.051 17.3667 18.0950 18.8299 
2 14.1399 14.6497 15.1598 52 17.4268 18.1588 18.8976 
3 14.2097 14.7244 15.2396 53 17.4866 18.2223 18.9649 
4 14.2794 14.7990 15.3193 54 17.5461 18.2855 19.0319 
5 14.3490 14.8735 15.3988 55 17.6052 18.3484 19.0985 

6 14.4185 14.9479 15.4783 56 17.6642 18.4109 19.1647 
7 14.4880 15.0222 15.5576 57 17.7228 18.4731 19.2306 
8 14.5573 15.0964 15.6368 58 17.7811 18.5350 19.2961 
9 14.6265 15.1704 15.7159 59 17.8391 18.5966 19.3612 

10 14.6956 15.2443 15.7948 60 17.8968 18.6578 19.4260 

1.011 14.7645 15.3181 15.8735 1.061 17.9542 18.7187 19.4904 
12 14.8333 15.3917 15.9521 62 18.0114 18.7792 19.5544 
13 14.9020 15.4652 16.0305 63 18.0682 18.8394 19.6180 
14 14.9706 15.5385 16.1088 64 18.1247 18.8993 19.6813 
15 15.0390 15.6117 16.1869 65 18.1809 18.9588 19.7442 

16 15.1072 15.6847 16.2648 66 18.2368 19.0180 19.8067 
17 15.1753 15.7575 16.3425 67 18.2924 19.0768 19.8688 
18 15.24.33 15.8302 16.4200 68 18.3477 19.1354 19.9306 
19 15.3110 15.9026 16.4973 69 18.4026 19.1935 19.9919 
20 15.3786 15.9749 16.5743 70 18.4573 19.2513 20.0529 

1.021 15.4460 16.0470 16.6512 1.071 18.5117 19.3088 20.1135 
22 15.5133 16.1188 16.7278 72 18.5657 19.3659 20.1737 
23 15.5803 16.1905 16.8043 73 18.6194 19.4227 20.2336 
24 15.6472 16.2619 16.8804 74 18.6728 19.4791 20.2930 
25 15.7139 16.3332 16.9564 75 18.7259 19.5352 20.3521 

26 15.7803 16.4042 17.0321 76 18.7787 19.5909 20.4107 
27 15.8466 16.4750 17.1075 77 18.8312 19.6463 20.4690 
28 15.9127 16.5455 17.1827 78 18.8834 19.7013 20.5269 
29 15.9785 16.6158 17.2576 79 18.9352 19.7560 20.5844 
30 16.0442 16.6859 17.3322 80 18.9867 19.8103 20.6416 

1.031 16.1096 16.7558 17.4066 1.081 19.0379 19.8643 20.6983 
32 16.1748 16.8253 17.4807 82 19.0888 19.9179 20.7547 
33 16.2398 16.8947 17.5545 83 19.1394 19.9712 20.8106 
34 16.3045 16.9638 17.6280 84 19.1897 20.0241 20.8662 
35 16.3690 17.0326 17.7013 85 19.2396 20.0767 20.9214 

36 16.4333 17.1011 17.7742 86 19.2892 20.1289 20.9763 
37 16.4973 17.1694 17.84_68 87 19.3386 20.1808 21.0307 
38 16.5611 17.2374 17.9192 88 19.3876 20.2323 21.0847 
39 16.6247 17.3051 17.9912 89 19.4363 20.2835 21.1384 
40 16.6880 17.3726 18.0629 90 19.4846 20.3343 21.1917 

1.041 16.7510 17.4397 18.1343 1.091 19.5327 20.3848 21.2446 
42 16.8138 17.5066 18.2054 92 19.5804 20.4350 21.2971 
43 16.8763 17.5732 18.2761 93 19.6279 20.4848 21.3493 
44 16.9385 17.6395 18.3465 94 19.6750 20.5342 21.4011 
45 17.0005 17.7055 18.4166 95 19.7218 20.5833 21.4525 

46 17.0623 17.7712 18.4863 96 19.7683 20.6321 21.5035 
47 17.1237 17.8366 18.5558 97 19.8145 20.6805 21.5541 
48 17.1849 17.9016 18.6248 98 19.8603 20.7286 21.6044 
49 17.2458 17.9664 18.6935 99 19.9059 20.7764 21.6543 
50 17.3064 18.0309 18.7619 1.100 19.9511 20.8238 21.7038 

r-(n-M) (r-1)"-1 
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Mean Value Table to Fit Exponential Growth Curve y = ar 
to n Observed Statistical Ordinates 

n-1 n-1 

M = ~Xi•oYi / ~oYi=n/(1-r-") -1/(1-r-1
) 

0 0 

r =32 n=33 n=34 r n=32 n=33 n=34 

1.001 15.5852 16.0906 16.5962 1.051 19.5714 20.3194 21.0738 
2 15.6703 16.1811 16.6923 52 19.6430 20.3950 21.1533 
3 15.7553 16.2715 16.7883 53 19.7142 20.4701 21.2324 
4 15.8402 16.3619 16.8841 54 19.7850 20.5448 21.3111 
5 15.9250 16.4520 16.9798 55 19.8554 20.6190 21.3892 

6 16.0097 16.5420 17.0754 56 19.9254 20.6928 ~1.4668 
7 16.0942 16.6319 17.1708 57 19.9950 20.7661 21.5440 
8 16.1786 16.7216 17.2660 58 20.0641 20.8390 21.6206 
9 16.2628 16.8112 17.3610 59 20.1329 20.9115 21.6968 

10 16.3468 16.9005 17.4559 60 20.2012 20.9834 21.7724 

1.011 16.4307 16.9897 17.5506 1.061 20.2692 21.0550 21.8476 
12 16.5144 17.0787 17.6450 62 20.3367 21.1261 21.9223 
13 16.5980 17.1675 17.7392 63 20.4038 21.1967 21.9964 
14 16.6813 17.2561 17.8332 64 20.4705 21.2668 22..0700 
15 16.7645 17.3445 17.9269 65 20.5368 21.3365 22.1432 

16 16.8474 17.4326 18.0204 66 20.6027 21.4058 22.2158 
17 16.9301 17.5205 18.1137 67 20.6681 21.4745 22.2879 
18 17.0126 ' 17.6082 18.2066 68 20.7331 21.5429 22.3596 
19 17.0949 17.6956 18.2993 69 20.7977 21.6107 22.4307 
20 17.1770 17.7828 18.3917 70 20.8619 21.6781 22.5013 

1.021 17.2588 17.8697 18.4839 1.071 20.9257 21.7450 22.5714 
22 17.3403 17.9563 18.5757 72 20.9890 21.8115 22.6409 
23 17.4216 18.0426 18.6672 73 21.0519 21.8774 22.7100 
24 17.5027 18.1286 18.7583 74 21.1144 21.9430 22.7786 
25 17.5834 18.2144 18.8492 75 21.1764 22.0080 22.8466 

26 17.6639 18.2998 18.9397 76 21.2381 22.0726 22.9142 
Z-7 17.7442 18.3849 19.0299 77 21.2993 22.1367 22.9812 
28 17.8241 18.4698 19.1197 78 21.3600 22.2004 23.0477 
29 17.9037 18.5542 19.2091 79 21.4204 22.2636 23.1137 
30 17.9831 18.6384 19.2982 80 21.4803 22.3263 23.1792 

1.031 18.0621 18.7222 19.3869 1 .081 21.5398 22.3886 23.2443 
32 18.1408 18.8057 19.4753 82 21.5989 22.4504 23.3088 
33 18.2192 18.8888 19.5632 83 21.6576 22.5117 23.3727 
34 18.2973 18.9716 19.6508 84 21.7158 22.5726 23.4362 
35 18.3751 19.0540 19.7380 85 21.7736 22.6330 23.4992 

Jl; 18.4525 19.1360 19.8247 86 21.8310 22.6929 23.5617 
J7 18.5296 19.2177 19.9111" 87 21.8880 22.7524 23.6237 
38 18.6064 19.2990 19.9970 88 21.9446 22.8115 23.6852 
39 18.6828 19.3799 20.0825 89 22.0007 22.8701 23.7462 
40 18.7589 19.4604 20.1676 90 22.0564 22.9282 23.8067 

1.041 18.8346 19.5406 20.2522 1.091 22.1117 22.9859 23.8667 
42 18.9099 19.6203 20.3364 92 22.1666 23.0431 23.9263 
43 18.9849 19.6996 20.4202 93 22.2211 23.0999 23.9853 
44 19.0596 19.7786 20.5035 94 22.2752 23.1562 24.0438 
45 19.1338 19.8571 20.5863 q5 22.3288 23.2121 24.1019 

46 19.2077 19.9352 20.6687 96 22.3820 23.2675 24.1595 
47 19.2812 20.0129 20.7507 37 22.4349 23.3225 24.2166 
48 19.3544 20.0902 20.8322 98 22.4873 23.3770 24.2732 
49 19.4271 20.1670 20.9132 99 22.5393 23.4311 24.3294 
50 19.4995 20.2434 20.9937 1.100 22.5909 23.4848 24.3851 
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Mean Value Table to Fit Exponential Growth Curve y = ar" 
ton Observed Statistical Ordinates 

n-1 n-1 

M= LX;ooYi / LoYi=n/(1-r-")-1/(1-r-1
) 

0 10 

I 

r n=35 n=36 n=37 r n=35 n=36 n=37 

1.001 17.1019 17.6079 18.1140 1.051 21.8344 22.6012 23.3741 
2 17.2038 17.7156 18.2278 52 21.9181 22.6890 23.4660 
3 17.3055 17.8232 18.3414 53 22.0012 22.7762 23.5574 
4 17.4071 17.9307 18.4549 54 22.0838 22.8628 23.6481 
5 17.5085 18.0380 18.5683 55 22.1659 22.9489 23.7381 

6 17.6097 18.1451 18.6814 56 22.2474 23.0343 23.8276 
7 17.7108 18.2520 18.7943 57 22.3284 23.1192 23.9163 
8 17.8117 18.3587 18.9071 58 22.4088 23.2035 24.0045 
9 17.9124 18.4652 19.0195 59 22.4887 23.2872 24.0919 

10 18.0130 18.5715 19.1318 60 22.5681 23.3702 24.1787 

I .011 18.1132 18.6776 19.2438 1.061 22.6469 23.4527 24.2649 
12 18.2132 18.7833 19.3555 62 22.7251 23.5346 24.3504 
13 18.3130 18.8889 19.4669 63 22.8029 23.6159 24.4353 
14 18.4125 18.9941 19.5780 64 22.8800 23.6965 24.5195 
15 18.5118 19.0991 19.6888 65 22.9566 23.7766 24.6030 

16 18.6108 19.2037 19.7992 66 23.0326 23.8561 24.6859 
17 18.7095 19.3081 19.9094 67 23.1081 23.9349 24.7682 
18 18.8079 19.4121 20.0191 68 23.1831 24.0132 24.8497 
19 18.9061 19.5158 20.1285 69 23.2574 24.0908 24.9306 
20 19.0039 19.5191 20.2375 70 23.3313 24.1679 25.0109 

1.021 19.1013 19.7221 20.3462 1.071 23.4045 24.2443 25.0905 
22 19.1985 19.8247 20.4544 72 23.4772 24.3201 25.1695 
23 19.2953 19.9270 20.5622 73 23.5494 24.3954 25.2477 
24 19.3917 20.0288 20.6696 74 23.6210 24.4700 25.3254 
25 19.4878 20.1303 20.7765 75 23.6920 24.5440 25.4024 

26 19.5835 20.2313 : 20.8830 76 23.7625 24.6174 25.4787 
27 19.6789 20.3319 20.9891 77 23.8324 24.6902 25.5544 
28 19.7738 20.4321 21.0946 78 23.9018 24.7625 25.6294 
29 19.8684 20.5319 21.1997 79 23.9707 24.8341 25.7038 
30 19.9625 20.6312 21.3043 80 24.0389 24.9051 25.7775 

1.031 20.0562 20.7301 21.4084 1.081 24.1067 24.9755 25.8506 
32 20.1496 20.8285 21.5120 82 24.1738 25.0454 25.9231 
33 20.2424 20.9264 21.6151 83 24.2405 25.1146 25.9949 
34 20.3349 21.0239 21.7177 84 24.3066 25.1833 26.0661 
35 20.4269 21.1209 21.8197 85 24.3721 25.2513 26.1367 

36 20.5185 21.2173 21.9212 86 24.4371 25.3188 26.2066 
37 20.6096 21.3133 22.0221 87 24.5016 25.3857 26.2759 
38 20.7003 21.4089 22.1225 88 24.5655 25.4520 26.3445 
39 20.7904 21.5037 22.2223 89 24.6289 25.5177 26.4126 
40 20.8802 21.5982 22.3216 90 24.6917 25.5829 26.4800 

1.041 20.9694 21.6921 22.4203 1.091 24.7540 25.6475 26.5468 
42 21.0581 21.7855 22.5184 92 24.8158 25.7115 26.6130 
43 21.1464 21.8783 22.6159 93 24.8771 25.7750 26.6786 
44 21.2342 21.9706 22.7128 94 24.9378 25.8379 26.7436 
45 21.3215 22.0624 22.1091 95 24.9980 25.9002 26.8080 

46 21.4082 22.1536 22.9048 96 25.0577 25.9619 26.8718 
47 21.4945 22.2443 22.9999 97 25.1169 26.0232 26.9350 
48 21.5802 22.3343 23.0944 98 25.1756 26.0838 26.9976 
49 21.6655 22.4239 23.1882 99 25.2338 26.1439 27.0598 
50 21.7502 22.5128 23.2814 1.100 25.2914 26.2035 27.1213 
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Mean Value Table to Fit Exponential Growth Curve y=ar• 
to n Observed Statistical Ordinates 

n-1 n-1 

M = LXi•oYi / ~oYi = n/(1-r-n) -1/(1-r-1
) 

0 0 

r n=38 I n=39 n=40 r n=38 n=39 n=40 
t-· 

1.001 18.6202 19.1266 19.6332 1.051 24.1529 24.9376 25.7281 
2 18.7402 19.2531 19.7662 52 24.2491 25.0380 25.8328 
3 18.8601 19.3793 19.8991 53 24.3446 25.1377 25.9367 
4 18.9799 19.5055 20.0317 54 24.4394 25.2367 26.0398 
5 19.0994 19.6314 20.1642 55 24.5335 25.3348 26.1421 

6 19.2187 19.7570 20.2964 56 24.6269 25.4323 26.2435 
7 19.3378 19.8825 20.4283 57 24.7196 25.5289 26.3441 
8 19.4567 20.0077 20.5600 58 24.8116 25.6248 26.4439 
9 19.5753 20.1326 20.6913 59 24.9029 25.7199 26.5429 

10 19.6937 20.2572 20.8224 60 24.9935 25.8143 26.6410 

1.011 19.8118 20.3815 20.9531 1.061 25.0834 25.9079 26.7383 
12 19.9295 20.5055 21.0835 62 25.1725 26.0007 26.8348 
13 20.0470 20.6292 21.2135 63 25.2610 26.0927 26.9304 
14 20.1641 20.7525 21.3431 64 25.3487 26.1840 27.0252 
15 20.2809 20.8754 21.4723 65 25.4357 26.2745 27.1192 

. 16 20.3973 20.9979 21.6010 66 25.5220 26.3642 27.2124 
17 20.5133 21.1200 21.7294 67 25.6076 26.4532 27.3047 
18 20.6290 21.2417 21.8572 68 25.6925 26.5414 27.3962 
19 20.7442 21.3629 21.9846 69 25.7767 26.6288 27.4868 
20 20.8591 21.4837 22.1115 70 25.8602 26.7155 27.5767 

1.021 20.9735 21.6041 22.2379 1.071 25.9429 26.8014 27.6657 
22 21.0875 21.7239 22.3637 72 26.0250 26.8865 27.7538 
23 21.2010 21.8432 22.4890 73 26.1063 26.9709 27.8412 
24 21.3140 21.9621 22.6138 74 26.1869 27.0545 27.9278 
25 21.4266 . 22.0804 22.7380 75 26.2669 27.1373 28.0135 

26 21.5387 22.1982 22.8616 76 26.3461 27.2194 28.0984 
27 21.6502 22.3154 22.9846 77 26.4246 27.3007 28.1825 
28 21.7613 22.4321 23.1070 78 26.5024 27.3813 28.2659 
29 21.8718 22.5482 23.2287 79 26.5796 27.4612 28.3484 
30 21.9818 22.6637 23.3498 80 26.6560 27.5403 28.4301 

1.031 22.0913 22.7786 23.4703 1.081 26.7317 27.6186 28.5110 
32 22.2002 22.8929 23.5901 82 26.8068 27.6962 28.5911 
33 22.3085 23.0066 23.7093 83 26.8812 27.7731 28.6705 
34 22.4163 2.3.1196 23.8277 84 26.9548 27.8492 28.7490 
35 22.5235 23.2321 23.9455 85 27.0278 27.9246 28.8268 

36 22.6301 23.3438 24.0625 86 27.1002 27.9991 28.9038 
37 22.7360 23.4550 24.1789 87 27.1718 28.0733 28.9801 
38 22.8414 23.5654 24.2945 88 27.2428 28.1466 29.0556 
39 22.9462 23.6752 24.4094 89 27.3137 28.2191 29.1303 
40 23.0503 23.7843 24.5235 90 27.3828 28.2910 29.2043 

1.041 23.1538 23.8927 24.6369 1.091 27.4518 28.3621 29.2775 
42 23.2567 24.0004 24.7495 92 27.5201 28.4325 29.3500 
43 23.3589 24.1075 24.8614 93 27.5878 28.5023 29.4217 
44 23.4605 24.2138 24.9725 94 27.6549 28.5713 29.4927 
45 23.5614 24.3194 25.0828 95 27.7213 28.6397 29.5630 

46 23.6617 24.4242 25.1923 96 27.7871 28.7074 29.6326 
47 23.7613 24.5284 25.3011 97 27.8522 28.7744 29.7014 
48 23.8602 24.6318 2!5.4090 98 27.9167 28.8408 29.7696 
49 23.9584 24.7345 25.5162 99 27.9806 28.9065 29.8370 
50 24.0560 24.8364 25.6225 1.100 28.0438 28.9715 29.9038 

·:-
r- (n-M) (r-1) n-l 483 

a= n ~oYi 
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A simplified method for fitting the exponential growth 

curve y • arX is found in Tables of Applied Mathematics 

in Finance, Insurance, Statistics, James w. Glover, 

pp. 468-481. This carries a mean value table through 

n • 40 for values of ~ from 1.001 to 1.100. The American 

Telephone and Telegraph Co. extended Glover's table for 

the same values of ~ thru ~ a 1.150 (at intervals of 

.005). Charles H. Wittmann computed the "mean value 

table" for rates of change from~ • 1.150 to ~ • 2.00 

for values of~ from 2 to 20; ~ • 1.150 to ~ • 1.800 

for values of~ from 21 to 44; and r • 1.000 to~ •LlOO 

for values of ~ from 41 to 64. 

The author expresses his appreciation to the National 
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Mean Value T~ble to fie c•a·ve y = arx 1 

r n=2 n=3 n=l... n=5 n=6 n•7 n=8 n=9 

·1.100 .5238 1.0634 1.6188 2.1899 2. 7764 3-3784 3.9955 4.6276 
1.105 .5249 1.0665 1.6245 2.1988 2.7894 3.3961 4.0186 4.6567 
1.11C . 5261 1.0694 1..6300 2.2077 2. 80~4 3.4137 4.0415 h.6856 
1.115 .5272 1.0724 1.6356 2.2166 2.8152 3.4312 4.0643 4. 7142 
1.120 .5283 1. 0754 1.6411 2. 2254 2.8280 J.4485 4.0869 4. 7426 

1.125 .5294 1.0783 1.6467 2.2342 2.8406 3.L .. 658 4.1093 ~.7707 
.l .130 . 5305 1.0813 1.6521 2.2/..:.'29 2.8532 3.4829 4.1315 4.7986 
1.135 .5316 1.0842 1.6576 .?. .2515 '2 .8657 3.4999 4.1535 4.8263 
1.140 .5327 1.0871 1.6630 2.?601 2.8782 3. 5168 4.1754 4.8537 
l.lL,5 .5338 1.0900 l. 668h 2.2687 2.8905 3.5335 4.1971 4. 8808 

1.150 .5349 1.0929 1.6737 2.2772 2.9028 3.5502 4.2187 4.9078 
1.155 .5360 1.0957 1.6791 2.2856 2.9150 3.5666 4.2400 4.9345 
1.160 .5370 1.0986 1.6844 2.2940 2.9271 3.5831 4.2613 4.9609 
1.165 .5381 1.1014 1.6897 2.3024 2.9392 3.5994 4.2823 4.9871 
1.170 .5392 1.1042 1.6949 2.3107 2.9511 3.6155 4.3030 5.0130 

1. 175 .5402 1.1070 1.7001 2. 3190 2.9630 3.6315 4.3237 5.0387 
1.180 ,541:l 1.1098 1. 7053 2.3272 2.9747 3.6474 4.3442 5.0t 42 · 
1.185 -5423 1.1126 1. 7105 2.3353 2.9865 3.6632 4.3645 5.0894 
1.190 .5434 1.1154 1.7156 2.3434 2.9981 3.o789 4.3846 5.1] 43 
1.195 .5444 1.1181 1.7207 2.3515 3.0096 3.694h 4.4046 5.1391 

1.200 .5455 1.1209 1.7258 2, 3595 3.0212 3.7098 4.4244 5.1636 
1.205 • 5465 1.1236 1.7308 2.3675 3.0327 3.7252 4.4440 5.1878 
1.210 .5475 1.1263 1. 7359 2.3751, 3. 01~3 9 3.7403 4.4634 5.2118 
1.215 -54d5 1.1290 1. 7409 2.3832 3.0551 3.7554 4.4827 5.2356 
1.220 .5495 1.1317 1. 7458 2.3910 3.0663 3.7703 4.5017 5.2591 

1.225 .5506 1.1343 1. 7508 2.3988 3.0775 3.7852 4.5207 5.2824 
1.230 .5516 1.1370 1. 7557 2.4065 3.0884 3.7999 4. 5395 5.3054 
1.235 .5526 1.1397 1.7606 2.4142 3.0994 3.8145 4.5580 5.3282 
1.240 -5536 1.1423 1. 7654 2.4218 3.1102 3.8289 1~. 5764 5.3508 
1.245 .5546 1.1449 1.7703 2.4294 3.1209 3.8433 4.5947 5.3731 

1.250 • 5556 1.1475 1.7751 2.4369 3.1317 3.857& 4.612~ 5.3952 
1.255 . 5565 1.1501 1. 779'3 2.h444 3.U23 3.8717 4.6307 5.4171 
1.260 .5575 1.1527 1. 7846 2.4519 3.1528 3.8857 4.6h84 5.4387 
1.265 -5585 1.1553 1.7~93 2.4592 3.1633 3.8996 4. ')660 5.4601 
1.270 .5595 1.1578 1. 794U 2.h666 3.1737 '3 . 9134 4.6834 5.4813 

1.275 .5604 1.1604 1.7987 2.4739 3.1840 3.9271 4.7006 5.5023 
1.280 .5614 1.1629 1.8034 2.4811 3.1943 3.9406 4.7177 5.5230 
1.285 .5624 1.1654 1.8080 2.4883 3.2045 3.9541 4.7346 5.5435 
1.290 .5633 1.1680 1.8126 2.4955 3.2145 3.9674 4.7513 5.5638 
1.295 .5643 1.1704 1.8172 2.5026 3.2246 3.9806 4.7680 5.5839 
1.300 .5652 1.1729 1.8217 2.5097 3.2346 3.9938 4.7844 5.6037 



r Mean Valw:, ';.' 1.bl e to fit curve y = ar X 
2 

r n=2 n=3 n=4 n=5 n=6 n=7 n=8 n=9 

1.300 • 5652 1.1729 1.8217 2.5097 3.2346 3.9938 4.7844 5.6037 
1.310 .5671 1.1779 1.8307 2. 52Jr/ 3.2543 !+.0196 4.8168 5.6428 
1.320 .5690 1.1827 1.8397 2.5375 3.2736 4.0450 4.8485 5.6810 
1.330 .5708 1.1876 1.8485 2.5512 3.2928 4.0700 4.8798 5.7183 
1.340 .5726 1.1924 1.8572 2.5647 3.3116 4.0946 4.9103 5.7549 
1.350 .5745 l.197J 1.8659 2.5780 3.3302 4.1189 4.9403 5.7906 

1.360 .5763 1.2018 1.8744 2.5911 3.3485 4.1426 4.9696 5.8256 
1.370 .5781 1.2065 1.8829 2.6041 3.3665 4.1660 4.9984 5.8597 
1.380 .5798 1.2111 1.8912 2.6169 3.3842 4.1890 5.0267 5.8932 
1.390 .5816 1.2157 1.8995 2.6295 3.4016 4.2115 5.0544 5.9258 
1.400 .5833 1.2202 1.9077 2.6420 3.4189 4.2336 5.0815 5.9578 

1.410 .5851 l. 2247 1.9157 2.6543 3.4359 4.2554 5.1081 5.9890 
1.420 .5868 1.2291 1.9237 2.6665 3-4526 4.2768 5.1341 6.0195 
1.430 .5885 1.2335 1.9316 2.6785 3.4690 4.2979 5.1597 6.0493 
1.440 .5902 l. 2379 l. 9395 2.6903 3.4852 4.3185 5.1847 6.0785 
1.450 .5918 1.2422 1.9472 2.7020 . 3.5012 4.3388 5.2093 6.1070 

1.460 .5935 1.2464 1.9548 2. 7136 3.5169 4-3588 5.2333 6.1349 
1.470 .5951 1.2507 L9624 2·. 7250 3-5324 4.3784 5.2569 6.1622 
1.480 .5968 l. 2549 1.9699 2. 7362 3.5476 4.3976 5.2800 6.1888 
1.490 .5984 1.2590 1.9773 2.7473 3.562? 4.4166 5.3026 6.2149 
1.500 .6000 1.2632 1. 98~6 2.7583 3-5774 4.4352 5.3248 6.2404 

1.510 .6016 l. 2672 l. 9919 2.7691 3.5920 h.4534 5.3466 6.2653 
1.520 .6032 1.2713 1.9990 2.7798 3.6064 4.4714 5.3679 6.2896 
1.530 .6047 l. 2753 2.0061 2.7903 3.6205 4.4890 5.3888 6.3135 
1.540 .6063 1.2793 2.0131 2.8007 3.634h 4. 5063 5.4093 6.336$ 
1.550 .6078 1.2832 2.0200 2.8110 3.6481 4.5234 5.4294 6.3595 

1.560 .6094 1.2871 2.0269 2.8212 3.6616 4-5401 5.4491 6.3818 
1.570 .6109 1.2909 2.0337 2.8312 3.6749 4-5566 5.4684 6.4036 
1.580 .6124 1.2948 2.0404 2.8411 3.6880 4.5727 5.4873 6.4250 
1.590 .6139 1.2986 2.0470 2.8508 3.7009 4. 5886 5.505b 6.4458 
1.600 .6154 1.3023 2.0536 2.8604 3. 7136 4.6042 5.5240 6.4662 

1.610 .6169 1.3060 2.0601 2.8699 3. 7261 h.6195 5.5419 6.4862 
1.620 .6183 1.3097 2.0665 2.8793 3.7385 4.6346 5.5594 6.5058 
1.630 .6198 1.3134 2.0729 2.8886 3".7506 4.6494 5. 5765 6.5249 
1.640 .6212 1.3170 2.0791 2.8977 3.7626 . 4.6640 5-5934 6. 5436 
1.650 .6_226 1.3206 2.0854 2.9068 3-7744 4.6783 5.6099 6. 5619 

1.660 .6241 1.3242 2.0915 2.9157 3.7860 /+.6924 5.6260 6.5799 
1.670 .6255 1.3277 2.0976 2.9245 3.7974 '+· 7062 5.6419 6.5974 
1.680 .6269 1.3312 2.1036 2.9332 3.8087 4.7198 5.6575 6.6146 
1.690 .6283 1.3347 2.1096 2.9418 3.8198 4-7331 5.6728 6.6315 
1.700 .6296 1.3381 2.1155 2.9503 3.8307 4.7463 5.6878 6.6480 

. ., 



l'ean V3.1ue Tq1.J1e to fit curve y = arx 3 
r n=2 n=3 n=4 n=5 n=6 n=7 n=8 n=9 

1.700 .6296 1.3381 2.1155 2.9503 3.8307 4.7463 5.6878 6.6480 
1.710 .6310 1.3415 2.1213 2.9586 3. 81,15 4.'7592 5.7025 6.664.1 
1.720 .6323 1.34.49 2.1271 2.9669 3.8521 4.7719 5.7169 6.6799 
1. 730 .6337 1.3h82 2.1328 2. 9751 3.8626 4. 784/+ 5.7311 6.6954 
1.740 .6350 1.3515 2.1385 2.9831 3.8729 4.7967 5-7450 b. 7106 
1.750 .6364 1.3548 2.1441 2.9911 3.8831 4.8088 5.7587 6.7255 

1.760 .6377 1.3581 2.1496 2.9989 3.8931 4.8206 5.7721 6. 74.01 
1. 770 .6390 1.3613 2.1551 3.0067 3.9030 4.8323 5.7852 6.7544 
1.780 .6403 1.3645 2.1605 3.0144 3.9127 4.8438 5.7981 b.7b84 
1. 790 .641;) 1.3677 2.1659 3.0219 3.9223 4.8551 5.8108 6.7821 
1.800 . 61~29 1.3709 ·2.1712 3.0294 3.9318 4.8662 5.8233 o.7956 

1.810 .6441 1.3740 2.1764 3 .036 E~ 3.9411 L~. 8772 5.8355 6.8088 
1.820 .6454 1.3771 2. 1816 3.04lt.l 3.9502 4.8879 5.8475 6.821a 
1.830 .6466 1.3801 2.186 .~ 3.0513 3.9593 4.8985 5.8593 6.8345 
1.840 .6479 1.3832 2.19J8 3.0581.. 3.9682 4.9089 5.8709 6.8469 
1.850 .6491 1.3862 2.1969 3.0654 3. 9770 4.9192 5.8823 6.8591 

1.860 .6503 1.3892 2.2019 3.0724 3.9857 ~.9293 5 .893L~ 6.8711 
1.870 .6516 1.3922 2.2068 3.0792 3.9942 4.9392 5.904.4 6.8829 
1.880 .6528 1.3951 2.2117 3.0860 4.0027 4.9490 5.9152 6.89h4 
1.890 .6540 1.3980 2.2165 3.0927 4.0110 4.9586 5.9258 6.9057 
1.900 .6552 1.4009 2.2213 3.0993 4.0192 4.9681 5.9363 6. 9169 

1.910 .6564 1.4.038 2.2261 3.1059 4.0273 4.9774 5.9465 6.9278 
1.920 .6575 1.4066 2.2308 3.1123 4.0353 4.9866 5.9566 6.9335 
1.930 .6587 1.4095 2.'2154 3.1187 4~0431 4.9956 5.9665 6.9490 
1.940 .6599 1.4123 2.2400 3.1250 4.0509 . 5.0045 5.9762 6.9~94 
L950 .6610 1.4150 2.2446 3.;t3l2 4.0585 5.0133 5.9858 6.9595 

1.960 .6622 1.4178 2.2491 3.1374 11.0661 5.0219 5.9952 6.9795 
1.970 .6633 1.4205 2.2535 3.1435 4.0735 5.0304 6.0045 6.9893 
1.980 .6644 1.4232 2.2580 3.1495 1...0803 5.0388 6.0136 6.9989 
1.990 .6655 1.4259 2.2623 3.1554 4.0881 5.0470 6.0226 7.0083 
2.000 .6667 1.4286 2.2667 3. 1 613 4.0952 5.0551 6. 031.4 7.0176 



Mean Value i. rl !i , e w .~it curve y = a.rX 4 

r n=lO n=ll n=l2 n=l3 n=14 n=15 n=16 n=17 

1.100 5.2745 5.9359 6.6116 7.3012 8.0045 8. 7211 9-4507 10.1929 
1.105 5.3102 5-9788 6.6621 7.3599 8.0717 8.7973 9.5363 10.2882 
1.110 5.3456 6.0212 6.7121 7.4178 8.1381 8.8725 9.6206 10.3820 
1.115 5.3806 6.0632 6. 7615 7.4751 8.2037 8.9467 9.7036 10.4741 
1.120 5.4153 6.1047 6.8103 7.5317 8.2683 9.0197 9.7853 10.5647 
1.125 5.4497 6.1459 6.8587 7.5876 8.3321 9.0917 9.8657 10.6537 

1.130 5.4838 6.1866 6.9064 7.6427 8.3950 9.1625 9-9448 10.?411 
1.135 5.5176 6.2269 6.9536 7.6972 8. 4570 9.2323 10.0225 10.8269 
1.140 5.5510 6.2667 7.0002 7.7509 8. 5Hn 9.3010 10.0989 10.9112 
1. 145 5.5841 6.3061 7.0463 7.8039 8.5783 9.3685 10.1740 10.9938 
1.150 5.6168 6.3451 7.0918 7.8562 8.6376 9.4350 10.2478 11.0749 

1.155 5.6492 6.3836 7.1367 7.9078 8.6960 9.5004 10.3202 11.154L.. 
1.160 5.6813 6.4217 7.1811 7.9587 8.7536 9.5648 1U.3914 11.2324 
1.165 5.7131 6.4593 7.2249 8.0089 8.8102 9.6280 10.4612 11.308)1 
1.170 5.7445 6.4965 7.2681 8.0583 8.8660 9.690] 10.5297 11.3838 
1.175 5-7756 6.5333 7.3108 8.1071 8.9209 9.7513 10.5971 J.l.L.57?. 

1.180 5.8064 6.5697 7.3530 8.1551 8.9750 9.8113 10.6631 lJ.. 5292 
1.185 5.8368 6.6056 7.3945 8.2025 9.0281 9.8703 10.7279 11.5996 
1.190 5.8669 6.6410 7.4355 8.2491 9.0804 9.9283 10.7914 ll. o686 
1.195 5.8967 6.6761 7.4760 8.2950 9.1319 9.9852 10.8538 11.?362 
1.200 5.9261 6.7107 7.5159 8.3403 9.1825 10.0412 10.9149 11.8024 

1.205 5.9553 6.7449 7. 5553 3.3849 9.2323 10.0961 10.9748 11.8672 
1.210 5.9841 6.7787 7. 5941 tL4288 9.2812 10.1500 11.0336 11.9306 
1.215 6.0125 6,8120 7.6323 8.4720 9.3294 . 10.2029 11.0912 11.9927 
1.220 6.0407 6.8449 7.6701 8.5145 9.3767 10.2549 J 1.1476 12.0535 
1.225 6.0685 6.8774 7.7073 8.5564 9.4232 10.3059 11.2029 12.1129 

1.230 6.0960 6.9095 7.7440 8.5977 9.4689 10.3559 11.2572 12.1711 
1.235 6.1232 6.9411 7.7801 8.6383 9. 5138 10.4051 11. 3103 12. 2.281 
1.240 6.1501 6.9724 7.8157 8.6782 9.5580 10.4533 11.3624 12.2338 
1.245 6.1767 7.0032 7.8509 8.7176 9.6014 10.5006 11.4134 12.3383 
1.250 6.2029 7.0337 7.8855 8.7563 9.6440 10.5470 11.4634 12.3916 

1.255 6.2288 7.0637 7.9196 8.7943 9.6860 10.5926 11.5124 12.41;.38 
1.260 6.2545 7.0934 7-9532 8.8318 9.7271 10.6372 11.5604 12.4949 
1.265 6.2798 7.1226 7.9863 8.8687 9.7676 10.6811 11.6074 12.5448 
1.270 6.3048 7.1515 8.0190 8.90h9 9.8073 10.7241 11.6534 12.5937 
1.275 6.3296 7.1800 8.0511 8. 9L.06 9.8464 10.7663 11.6986 1"2 .6415 

1.280 6.3540 7.2081 8.0828 8.9757 9.8847 10.8077 11.7428 12.6883 
1.285 6.3781 7.2358 8.1!40 9.0103 9.9224 10.8483 11.7861 12.7340 
1.290 6.4020 7.2631 8.1447 9.0442 9.9594 10.8881 11.8285 12.7788 
1.295 6.4255 7.2901 8.1750 9.0777 9.9958 10.9272 11.8701 12.8226 
1.300 6.41.88 7.3167 8.2048 9.1105 10.0315 10.9656 11.9J08 12 .S655 



Kean Value T<tble to fit curve y = a.rX 5 

r n=JO n=ll n=l2 n=JJ n=l4 n=l5 n=l6 n=l7 

1.300 6.4488 7.3167 8.2048 9.1105 ]0.0315 10. 9656 11.9108 12.8655 
1.310 6.4945 7.3689 8.2632 9.1747 10.1010 11.0401 11.9898 12.9485 
1.320 6.5390 7.4196 8.3197 9.2367 10.1682 11.1117 12.0656 13.0280 
].330 6.5825 7.4689 8.3746 9.2968 10.2329 11.1807 12.1384 13.1041 
1.340 6.6249 7. 5169 8.4279 9. 3549 10.2954 11.2472 12.2083 13.1770 
1.350 6.666?. 7.5636 8.4795 9.4111 10.3557 lJ .3111 12.2754 13.2h70 

1.360 6.7066 7.6090 8. 5296 9.4654 10.1.~139 11.3727 12.3399 13. -~ 140 
1.370 6.7459 7.6532 8.5782 9.5180 10.4700 11.4319 12.4019 13.3783 
1.380 6.7842 7.6961 8.6254 9.5689 10.5242 11.4890 12.4614 JJ .4399 
1.390 6.8:?16 7.7379 8.6711 9.6182 10.5766 11.5440 12.5187 13.4991 
1.400 6.8581 7.7785 8.7155 9. 6659 10.6271 11.5970 12.5738 13.5559 

1.410 6.8937 7.8180 8.7585 9.7120 10.6760 11.6481 12.6268 13.6105 
1.420 6.9283 7.8565 8.8003 9.7567 10.7231 11.6974 12.6778 13.6630 
1.1..30 6.9621 7.8938 8.3408 9.7999 10.7687 ll. 7449 12.7269 13.713h 
1.440 6.9951 7.9302 8. 8801 9-8418 10.812? ll. 7107 12.7742 13.7619 
1.450 7.0272 7.9656 8.9183 9.8824 10.8553 11.8350 12.8198 13.8085 

1.460 7.0586 8.0000 8.9554 9.9217 10.8965 11.8776 12.8637 13.8534 
1.470 7.0892 8.0335 8.9914 9.9598 10.9363 11.9189 12.9061 13.8967 
1.480 7.1190 8.0661 9. 0263 9.9967 10.9748 11.9587 12.9469 13.938h 
1.490 7.1481 8.0978 9.0602 10.0325 11.0120 11.9971 12.9863 13.9?85 
1.500 7 .1?65 8.1287 9.0932 i0.067t 11.0481 12.0343 13.02L~4 14.0173 

l. 510 7.2042 8.1587 9.1252 10.1008 11.0830 12.0703 13.0611 14.0546 
1.520 7.2312 8.1880 9.1563 10.1334 11.1169 12.1051 13.0967 1L~ .. 0907 
1..530 7.2575 8.2164 9.1866 10.1650 11.1496 12.1387 13.1310 14.1255 
l_, 540 7.2832 8.2442 9.2160 10.1958 11.1814 12.1713 13.1642 14.1592 
l. 550 7.3083 .2712 9.2445 10.2256 11.2122 12.2028 13.1962 14.1917 

1.560 7.3328 8.2975 9.2723 1G. 25li5 11.2LJ.20 12.2333 13.2273 14.2231 
] . 570 7.3567 8.3232 9.2994 10. 2826 11. 2710 12.2629 13.2574 14.2536 
1.580 7.3801 8.3481 9.3256 10.3099 11.2991 12.2916 13 0 2865 14.2830 
1.590 7.4029 8.3725 9.3512 10.33tJ5 11.3263 12.3194 13.3147 14.3115 
1.600 7.4251 8.3962 9.3761 10.3623 11.3528 12.346~ 13.34)0 14.3391 

1.610 7.4468 8.4194 9.4003 10.3873 11.3785 12.3725 13.3685 14.3658 
1.620 7.4681 8.4419 9.4239 10.4117 1].4034 12.3979 13.3942 14.3918 
1.630 7.4888 8.4639 9.L~69 10.4354' 11.4277 . 12.4226 13.4191 14.4170 
1.640 ?. 5091 8.4854 9.4693 10.t585' 11.4513 12.4465 13.4433 14.4413 
1.650 ?.5283 8.5063 9.4911 10.4809 11.4742 12.4697 13.4668 14.4650 

1.660 7. 5482 8. 5267 9.5123 10 .5028 11.4965 12.4923 13.4897 14.4879 
1.670 7.5671 8.5466 9. 5330 l(l . 5240 11.5181 12.5143 13.5118 14.5102 
1.680 7.5856 8.5661 9. 5532 J.O. 544-7 11.5392 12.5357 13.5334 14.5319 
1.690 7.6036 8.5851 9.5?29 10.5649 11.5598 12.5565 13.5543 14.5530 
1.700 7.6213 8.6036 9.5921 10.5846 11. 5797 12.5767 13.5747 14.5735 



Hean Value T'lb1e to fit curve y = arx 6 

r n=10 n=l1 n=12 n=13 n=14 n=15 n=16 n=17 

1.700 7.6213 8.6036 9.5921 10.5846 11.5797 12.5767 13.5747 11,.. 5735 
1.710 7.6385 8.6217 9.6108 10.6037 11.5992 12.5963 13.5945 14.5934 
1.720 7.6554 8.6394 9.6290 10.6224 11.6182 12.6155 13.6138 14.6128 
1.730 7.67 20 8.6567 9.6L,69 10.6406 11.6366 12.6342 13.6326 14.6317 
1.740 7.6881 8.6736 9.6642 10.6584 11.654 7 12.6524 13.6509 14.6500 
1.750 7.7039 8.6900 9.6812 10.6757 11.6722 12.6701 13.6687 14.6679 

1.760 7.7194 8. 7062 9.6978 10.6926 11..6893 12.6873 13.6861 14.685.4 
1.770 7.7345 8.7219 9.7140 10.7091 11.7060 12.7042 13.7030 14.7023 
1.780 7-7494 8.7373 9.7298 10.7252 11.722 3 12.7206 13.7195 14.7189 
1.790 7.7639 8.7524 9.7453 10.7409 11.7382 12.7366 13.7356 14.7350 
1.800 7.7781 8. 7671 9.7604 10.7562 11. 753'1 12.7522 . 13.7513 1h.7508 

1.810 7.7920 8.7816 9.7751 10.7712 11.7689 12.7675 13.7666 14.7661 
1.820 7.8056 8.7957 9.7896 10.7859 11.7837 12.7824 13.7816 14.7811 
1. 830 7.8190 8.8095 9.8037 10.8002 11.7981 12.7969 13.7962 14.7958 
1.840 7·.8321 8.8230 9.8175 10.8142 11.8123 12. 8111 13. 810 5 14.8101 
J .850 7.8449 8.8362 9.8310 10.8279 11.8261 12. 8250 13.8244 14.8240 

1.860 7.8574 8.849 2 9.8442 10.8413 11.8396 12.8386 13.8380 14.8376 
1.870 7.8697 8.8618 9.8571 10.8544 11.8528 12.8518 13.8513 14.8510 
1.880 7. 8818 8.874] 9.8698 10.8672 11.8657 12.864e 13.86l.,3 14.864') 
1.890 7.8936 8.8864 9.8822 10.8797 11.8783 12.8775 13.8770 14.F3767 
1.900 7.9052 8.8983 9.8943 10.8920 11.8906 12.8899 13.8894 14. 8892 

1.910 7.9166 8.9100 9.9062 10.9040 11.9027 12.9020 13.9016 14.9014 
1.920 7.9278 8.9215 9.9178 10.9157 11.9146 12.9119 13.9135 14.9133 
1.930 7.9387 8.9327 9.9292 10.9273 11.9?61 12.9255 13.9252 14.9250 
1.940 7.9494 8.9437 9.9404 10.9385 11.9375 12.9369 13.9366 14.9364 
1.950 7·9600 8.9545 9.9513 10.9496 11.9486 12.9480 13.9477 lL~ . 9476 

1.960 7.9703 8.9650 9. 9621 J.O, 9604 11. 9595 12.9590 13.9587 14.9585 
1.970 7.9804 8.9754 9.9726 10 .9710 11.9701 12.9696 13.9694 14.9692 
1.980 7.9904 8.9856 9. 9·0 29 10. 9814 11. 9806 12.9801 13.9799 14.9797 
1.990 8.0002 8.9956 9. 9930 10.9916 11.9908 12.9904 13. 9./ )2 14.9900 
2.000 8.0098 9.005h 10.0029 11.0016 12.0009 13.0005 14.0002 15.0001 



Hean Va1u ·~ Tab~ e to fit curve y = arX 7 

r n=18 n=19 n=20 n=21 n= 22 n=23 n=24 n=25 

1.100 10.9474 11.7139 12.4919 13.2811 14.0811 14.8915 15.7119 ;16. 5420 
1.105 11.0527 11.8294 12.6178 13.4175 14.2281 15.0493: i$.8804 16.7213 
1.110 11.1561 11.9426 12.7410 13.5509 14.3717 15.2031 16.0445 16.8955 
1.115 11.2576 12.0537 12.8617 13.6813 14.5119 15.3530 1 ). 2041 17.0648 
1.120 11.3573 12.1625 12.9798 13.8087 14.6486 15.4990 16.3594 17.2292 
1.125 11.4550 12.2691 13.0953 13.9331 14.7819 15 .6412 16.5103 17.3887 

1.130 11.5509 12.3735 13.2083 L~.0546 14.9119 15.7795 16.6569 17.5434 
1.135 11.6449 12.4757 13.3187 14.1732 15.0386 15.9142 16.7993 17.6935 
1.140 D .7370 12.5757 13.4266 14.2389 15.1619 16.0451 16.9376 17.8390 
1.145 11.827.3 12.6736 13.5320 14.4017 15.2820 16.1723 17.0719 17.9800 
1.150 11.9157 12.7693 13.6349 14.5117 15.3990 16.2960 17.2021 18.1166 

1.155 ' 12.0023 12.8628 13.7353 14.6189 15.5128 16.4162 17.3285 18.2489 
1.160 12.0870 12.9543 13.8334 lL,. 7234 15.6235 16.5329 17.4510 18.3770 
1.165 12.1700 13.0437 13.9291 14.8252 15.7312 16.6463 17.5698 18.5010 
1.170 12.2512 13.1310 14.0224 14.921.3 15.8359 16.7564 17.6851 18.6211 
1.175 12.3307 13.2164 14.1134 15.0208 15.9378 16.8633 17.796S 18.7373 

1.180 12.4084 13.2997 14.2022 15. J 149 16.0368 16.9671 17.9050 18. 8498 
1.185 12.4844 13.3811 1/;..2888 15. 206L!. 16.1330 17.0678 18.0100 18.9587 
1.190 12.5587 13.4606 14 . .'3 732 15.2955 16. 2266 17.1656 18.1117 ] 9.0641 
1.195 12.6314 13.5382 14.45 55 15.382? 16.3175 17.2604 18.2102 19.1661 
1.200 12.7025 13.6139 14.5357 15.4666 16.4059 17.3525 18.3057 19.2648 

1.205 12.7719 13.6879 14.6138 15. 5L,.88 b.4917 17.4419 18.3983 19.3604 
1.210 12.8398 13.7600 14.6900 15.6287 16.5752 17.5286 18.4881 19.4529 
1.215 12.9062 13.8304 14.7642 15.7065 16.6563 17.6127 18.5750 19.5424 
1.220 12.9711 13 .S991 14.8365 15.7822 16.7351 17.6944 18.6593 19.6291 
1. 225 13.0344 13.9662 14.9070 15.8558 16.8117 17.7737 18.7410 19.7130 

1.230 13.0964 14.0316 14.9757 15.9275 16.8861 17.8506 18.8203 19.7943 
1.235 13.1569 14.095 5 15.0426 15.9973 16.958 5 17.9253 18.8971 19.8731 
1.240 13.2160 14.1577 15.1078 16.0651 17.0288 17.9978 18.9716 19.9493 
1.245 13.2738 14.2185 15.1714 16.1312 17.0971 18.0682 19.0438 20.0232 
1.250 13.3302 14.2778 15.2333 16.1955 17.1635 18.1366 19.1139 20.0948 

1.255 13.3854 14.3357 15.2936 16.2581 J7.2281 18.2030 1<1.1819 20.1642 
1.260 13.4392 14.3921 15.3524 16.3190 17.2909 18.2674 19.2478 20.2315 
1.265 13.4919 14.4472 15.4097 16.3783 17.3520 18.3301 19.3118 20.2967 
1.270 13.5hJ3 14.5010 15.4656 16.4360 17.4114 18.3909 19.3740 20.3600 
1.275 13.5936 14.5535 15.5200 16.4922 17.4691 18.4501 19.4343 20.4213 

1.280 13 .61-l-27 14.6047 15.5731 16.5469 17.5253 18.5075 19.4929 20.4809 
1.285 13.6907 14.654 7 15.6248 16.6002 17.5800 18.5634 19.5498 20.5387 
1.290 13.7376 14.7034 15.6753 16.6522 17.6332 18.6177 19.6051 20.5948 
1.295 13.783.4 14.7510 15.7245 16.7027 17.6850 18.6705 19.6588 20.6492 
1.300 13.8282 14.7975 15.7725 16.7520 17.7354 18.7219 19. ?110 20.7021 

... 



Nean Value Table to f:5_ t oorve y = a rX 8 

r n=l8 n=l9 n=20 n=21 n=22 n=23 n=24 n=25 

1.300 13.8282 14.7975 15.7725 16.7520 17.7354 18.7219 19.7110 20.7021 
1.310 13.9147 14.8872 15.8649 16.8468 17.8322 18.8205 19.8110 20.8035 
1.320 13.9974 14.9727 15.9528 16.9369 17.9241 18.9138 19.9057 20.8992 
1.330 14.0765 15.0543 16.0366 17.0225 18.0112 19.0023 19.9953 20 . 9897 
1.340 14.1521 15 .J 322 16.1164 17.1039 18.0940 19.0863 20.0802 21.075h 
1.350 14.2244 15.2065 16 .19~5 17.1814 18.1728 19. J660 20.1607 21.1567 

1.360 14.2936 15.2775 16.2650 17.2552 18.2476 19.2418 20.2372 21.2337 
1.370 14.359ts 15.3454 16.3342 17.3256 18 ,3189 19.3138 20.3099 21.3068 
1.380 14.4232 15.4103 16.4003 17.3927 18.3868 19.3824 20.3790 2l.J76h 
1.390 14.4840 15.4724 16.4635 17.4568 18.4516 19.4477 20.4448 21.4425 
1.400 14.5423 15.5318 16.5239 17.5179 13.5134 19.5100 20.5075 21.5056 

1.410 14.5981 15.5888 16.5817 17.5764 18.5725 19.5695 20.56?3 21. 5o 56 
1.420 14.6518 15.64JL~ 16.6371 17.6324 18.6289 19.6263 20.6244 21 .6229 
1.430 14.7033 15.6957 ~6.6901 17.6859 18.6828 19.6806 20.6789 21.6777 
1.440 14.7527 15.7459 16.7409 17 7372 18.7345 19.7325 20.7311 21.7300 
1.450 14.8002 15.7941 16.7896 17.7864 18.7840 19.7822 20.7810 21.7801 

1.460 14.8459 15.8404 16.8364 17.8335 18.8314 19.8299 20.8288 21.8280 
1.470 14.8899 15.8849 16.881-k 17.8788 18.8769 19.8756 20.874·7 21.8740 
1.480 14.9322 15.9277 16.9245 17.9222 18. 92(16 19. 9195 20.9186 21. 91e1 
1.490 14.9729 15.9689 16.9661 17.9640 18.9626 19.9616 20.9609 21.96C4 
1.500 15.0122 16.0086 17.0060 18.0042 19.0029 20.0020 21.0014 22.0010 

1.510 15.0500 16.0468 17.0445 18.0429 19.0418 20.0410 21.0404 22.0h0l 
1.520 15.0865 16.0836 17.0815 18.0801 19.0791 20.0784 21.0780 22.0776-
1.530 15.1217 16.1191 17.1173 18.1160 19.1151 20.1145 21.1141 22.1138 
1.540 15.1557 16.1533 17.1517 18.1506 19.1498 20.1493 21.1489 22.1487 
1.550 15.1886 16.1864 17.1849 18.1839 19.1832 20.1A28 21.1825 22.182:~ 

1.560 15.2203 16.2184 17.2170 18.2161 19.2155 20.2151 21.2148 22 .2147 
1. 570 15.2510 16.2492 17.2480 18.2472 19.2467 20.2463 21.2461 <2.2459 
1.580 15.2806 16.27r1_ 17.2780 18.2773 19.2768 20.2765 21.2763 22 . 2761 
1.590 15.3094 16.3079 17.3070 18.3063 19.3059 20.3056 21.3054 22.3053 
1.600 15.3371 16.3359 l? .3350 J8.3'3M- l9.334C 20.3338 21.3336 22.3335 

1.610 15.3641 16.3629 17.3621 18.3616 19.3613 20.3611 21.3609 22.3608 
1.620 15.3901 16.3891 17. 3884 18.3879 19.3876 20.3874 21.3873 22.3872 
1.630 15.4154 16.4145 17.4138 18.4134 19.4132 20.4130 21.4129 22.4128 
1.640 15.4399 16.4391 17.4385 18.4381 19.4379 20.4378 21.4377 22.4376 
1.650 1-5.4637 16.4629 17.4624 18.4621 19.4619 20.4618 21.4617 22.4616 

1.660 15.4868 16.4861 17.4856 18.4853 19.485"2 20.4850 21.4850 22.4849 
1.670 15.5092 16.5086 17.5(;82 18.5079 19.5077 20.5076 21.5076 22 .5075 
1.680 15.5310 16.5304 17.5300 18.5298 19.5297 20.5296 21.5295 22.5295 
1.690 15.5521 16.5516 17.5513 18.5511 19.5509 20.5509 21.5508 22.5508 
1.700 15.5727 16.5722 17.5719 18.5717 J 9. 5716 20.5715 21.5715 22.5715 



:··le:m V.J.lue 'h .b1e to fit curv101 y = ar"~ 9 

r n=18 n=19 n=20 n=2 J n=22 n=23 n=24 n=25 

1.700 :15.5727 16.5722 17. 5719 18 .5717 19.5716 20 .5715 21.5715 22.5715 
1 .710 15.5927 16.5923 17. 592CJ 18. 'i918 19.5917 20.5916 21.5916 22.5916 
l. 720 15.6121 16.6117 17. 611 5 18.6113 19.6113 20.6112 21.6112 22.6111 
1. 730 15.6311 1:. .6307 17.6305 18.6303 19.6303 20.6302 21.6302 22.6302 
1.740 15. 6495 16 .6492 17.6490 18.6428 19.6488 20 .6487 21.6487 -~2 . 6487 
1. 750 15 .6.)74 16 . oj?l 17. 6669 18.6668 19.66os 20 .6667 21.6~67 22 .6667 

1.760 15. 68L~9 b.6>~4S 17.6845 18.6844 19.6843 20.6843 21.6842 22 ,68/..,2 
1.770 15.7019 16 .7017 17.7015 18.701h 19.7014 20.7013 21.7013 22. 7013 
1.780 15.7185 10 . 7H~3 17. 7lS1 18.7181 19.7180 20.7180 21.7180 22.7180 
1.790 15.?%7 16 . 73L 5 17.7344 18.7343 19.7342 20.7342 21.7342 :~2 . 7342 
1 .300 15.7506 16 .7503 17.7502 18.7501 19.7501 20.7500 21.7500 22 .7500 

l./310 . 15.7658 1S.7657 17.7656 
1 .820 15.7809 16.7807 17. 78CJ6 
1.830 15.7955 16.7954 17.7953 
J • ~~40 15. 8098 16. 8097 17.8096 
1.850 15. 8238 16 .8237 17.8236 

J .860 15.8375 16.8374 17.8373 
1. 870 15. 850~ 16.8507 17.8506 
1.880 J 5. 863:-3 16.8S38 17.8637 
1.890 15.S7o6 16 .8765 17.8765 
J . 900 15. 8S91 16.8890 17. 8889 

1. ·no 15. 9013 16.9012 17.9011 
1.920 15.9132 16.913 1 17.9131 
J .930 15.9249 16. 9248 17. 9 :~ L.s 
1. 940 15.9363 16.9362 17. 9362 
] • 950 15.9475 16.9474 17.9471. 

1.960 15.9584 16.9584 17.958h 
1.970 15.9692 16.9691 17.9691 
1.980 15.9797 16.9796 17. 97;16 
1.991) 15.9900 16.9899 17. %99 
2.000 16.0001 17.0000 18.0000 



Hean Value Tsb:.e to fit. curve y = .q_r x 10 

r nr:26 n=27 n=2e n=29 n==30 n=31 n=32 n=33 

1.100 17.3e14 "'..e.2296 19.oe63 19.9511 2o.e23e 21.703e 22.5909 23.4848 
1.105 17.5713 1B .4302 19.2975 20.1728 21.055e 21.9460 22.e430 23.7467 
1.110 17.7557 18. () 24~ 19.5019 20 .3e69 21.2794 22 .1790 .23.0853 23.9979 
1.115 17.9345 1e.e129 19.6994 20.59.35 21.4950 22.4033 23.3180 24.2Jt38 
1.120 18.1079 1e.9951 19.e9o2 20.7929 21.7026 22.6189 23.5414 24.4698 
1.125 1e.2759 19.1714 20.0746 20.9e51 21.9024 22.e261 23.755e 24.6910 

1.130 18.4386 19.3418 20.2526 21.1704 22.0948 23.0253 23.9615 24.9029 
1.135 18.5961 19.5066 20 .. 4243 21.3489 22 .2798 23.2165 24.15e7 25.1059 
1.140 18.74e6 19.6658 20.5900 21.5209 22.4577 23 .4002 24.3478 25.3002 
1.145 1e.8961 19.8196 20.?499 21.6865 22.6289 2.3. 5766 24.5292 25 .4862 
1.150 19.0388 19.9681 20.9C40 21.e459 22.7934 23.7459 24.7030 25.6643 

1.155 19.176e 20.1115 21.0526 21.9994 22.9515. 23.90e4 24.8696 25.e348 
1.160 19.3102 20.2500 21.1959 22.1472 23.1036 24.0644 25.0294 '25.99e1 
1.165 19.4392 20.3e37 21.3340 22.2e95 23.2497 24.2142 25.1826 2u .l545 
1.170 19.5638 20.5127 21.4671 22.4264 23.3902 24.3581 25.3295 26.3042 
1.175 19.6844 20.6372 21.5954 22.5582 23.525.3 24.4962 25.4704 26.4Lt77 

1.lt30 19.8009 20.7575 21.7190 22.6851 23.6552 24.6288 25.6055 26.5851 
1.185 19.9134 20.e735 21.8383 22.8073 23. 7e0l 24.7562 25.7352 26.7169 
1.190 20.0223 20.9e55 21.9532 22.9249 23.9002 24.8785 25.8517 26.8432 
1.195 20.1275 21.0936 22.0640 23.0382 24.0157 24.9962 25.9792 26.9644 
1.200 20.2291 21.1980 22.1709 23.1473 24.1269 25.1092 26.0939 27.0806 

1.205 20.3274 21.2988 22.2740 23.2525 24.2339 25 . 2179 26.2041 27.1922 
1.210 20.4224 21.3961 22.3734 23.3538 24.3369 25 .3225 26.3100 27.2994 
1.215 20.5143 21.4901 22.4693 23.4515 24.4362 25.4231 26.4119 27.4023 
1.220 20.6032 2~ .5809 22.5619 23.545o 24.5317 25.5199 26. 509e 27.5012 
1.225 20.6891 21.6687 22.6512 23.6J64 24.623e 25.6131 26.6040 27.5963 

1.230 20.7722 21.7535 22.7375 23.7240 24.7125 25.7029 26.6947 27.687e 
1.235 20.8527 21.e354 22.e2o8 23.8085 24.7981 25.'7894 26.7820 27.7759 
1.240 20 •. 9305 21.9147 22.9013 23.8901 ?.4.8807 25.872e 26.e662 27.8606 
1.245 21.0059 21.9913 22.9791 23.9689 2l, .• 9603 25.9532 26.9. 72 27. 9/+23 
1.250 21.o7ee 22.06&;[,. 23.05!..3 2h.0449 25 .037;. 26.0307 27 .o;~ 54 28.0:;r)9 

1.255 21.1495 22.1372 23.1269 24 .1185 25 .llll,. 26.1056 27.1008 28.0968 
1.260 21.2179 22.2066 2) .197 '2 24.1895 25.1e31 26.1778 27.1735 28.1699 
1.265 21.2e42 22.273e 23.26~ 3 24 .2582 25.2524 26.2476 27.2437 28.2405 
1.270 21.34e4 22.3389 23. 3311 2L. . • 3246 25.3194 26 .3151 27.3116 2e.3oe7 
1.275 21.4107 22.4019 23. 3948 24 • .3889 25.3·e42 26.3eo3 27.3771 28.3745 

1.280 21.4711 22.4630 23.4565 2l~.4511 25.4468 26.4433 27.4404 28.4381 
1.285 21.5296 22.5222 23.5162 24.5114 25.5075 26.5043 27.5017 28.4996 
1.290 21.5e64 22.5796 23.5742 24.5697 25.5662 26.5633 27.5610 28.5591 
1.295 21.6415 22.6353 23.6303 24.6263 25.6230 26.6204 27.61e3 2e.6167 
1.300 21.6950 22.6e93 23.6847 24.6811 25.67eJ 26.6758 27.6739 2e.6724 



Eean V"1ue T3b1e to fH. CU l'Ve y = arx 11 

r n=26 n=27 n=28 n= 29 n=30 n=31 n=32 n=33 

1.300 21.6950 22 .6893 2.3 . 631:7 2h.6811 25.6781 26.6758 27.6739 28.6724 
1.310 21.7974 22.7926 23 .7888 24.7857 25.7833 26.7814 27.7799 28 .7786 
1.320 21.8941 22.8900 23.8868 24. 8842 25.8822 26 .8807 27.8794 28.8785 
1. 330 21.9854 22.9819 2.3.9792 24.9771 25.9755 26.9742 27.9732 28.9724 
1.340 22 .0717 23 .0688 24.0666 25 .06Lt8 26.0634 27.0624 28.0616 29 .0609 
1.350 22.1535 23.1510 24.1491 25.1477 26.1465 27.1457 28.1450 29.1445 

1.360 22.2310 23.2289 24.2273 25.2261 26.2252 27.2245 28.2239 29 . 223 5 
1.370 22 . 3045 23.3028 21.;.3015 25.3004 26.2997 27.2991 28.2986 29.2983 
1. 380 22 .3744 23 .3729 24.3718 25.3710 26.3703 27.3699 28.3695 29 .3692 
1.390 22 .4409 23 .4396 24 .4387 25.4380 26.4374 27.4370 28.4367 29.4365 
1.400 ?.2 . 5041 23.5031 24 . 5023 25.5017 26 .5012 27.5009 28.5007 29 .5005 

1.410 22.5644 23 .5635 24. 5628 25 .562.3 26 .5620 27.5617 28.5615 29.5614 
1.420 22 .6219 23 .6211 24.6206 25 .6202 26 .6199 27.6196 28 .6195 29.6194 
1. h30 22 .6768 23.6761 24.6757 25 .6753 26~6751 27.6749 28.6748 29.6747 
1.L..40 22.7293 23 .7287 24.7283 25.7280 26 .7278 ·27. 7277 28.7275 29.72?5 
1 .450 22 . 7791;. 23.7790 24.7786 25.7784 26 .7782 27.7781 28.7780 29.7779 

1.460 22.8275 23 .8271 24.8268 25.8266 26 .8264 27.8263 28.8263 29.8262 
1.470 22. 8735 23 .8732 24.8729 25 .8727 26.8726 27.8725 28.8725 29.8724 
1.480 22. 9176 23 .9173 24.9171 25 .9170 26.9169 27.9168 38.9168 29.916? 
1.490 2::2 .9600 23 .9598 24.9596 25 .9595 26.9594 27.9593 28.9593 29.9592 
1.500 23 .0007 24 .0005 25 .0003 26.0002 27.0002 28.0001 29.0001 30.000:1 

l. 510 23.0398 24.0396 25. 0395 26 .039L~ 27.0393 28.0393 29.0393 30.0393 
1.520 23 .0774 24.0773 25 .0771 26 .0771 27.0770 28.0770 29.0770 30.0770 
l . 530 23 .1136 24.1135 25 .1131.; 26 .1133 27.1133 28.1133 29.1132 30.1132 
1. 540 23 .1485 24.1484 25 . J.!.,.J 'j ::'0 .1483 27 .1482 28.1482 29 .1482 30.1482 
l. 550 23.1821 2'*'.1820 25 . l t)]_Q 2o . 1819 27 .1819 28.1819 29.1818 30.1818 

1.560 23.2145 24.214 5 25 . 2144 26 . 2J44 27. 2143 28.2143 29.2143 30 .2143 
1.570 23 .2458 24.245 8 25 .2457 26.2457 27.245 7 28 .2456 29.2456 30.2456 
1.580 23 . 2760 24.2760 25.2759 26.2759 27 . 2759 28 .2759 29.2759 30.2759 
l. 590 23 .3052 24.3052 25.3051 26 .3051 27 .3051 28.3051 29.3051 30.3051 
1.600 23 .3335 24. 3JJL 25 .3334 26.3334 27.3.334 28.3333 29.3~33 30.3333 

1. 610 23 .3608 24.3607 25.3607 26.3607 27. 3607 28.3607 29.}S07 30.3607 
1.620 23 .3872 2L.. .3872 25 .)871 26.3871 27.3871 28.3871 29.3871 30.3871 
1.630 23 .4128 24.4127 25 .4127 26 .4127 27.4127 28.4127 29.l~127 30.4127 
1. 640 23 .4376 24.4375 25.4375 26 .4375 27.4375 28 .4375 29 .4375 30.4375 
1. 650 23 .4616 24.4610 25 .46l:J .26 .4616 27.4615 28.4615 29.4615 3().4615 

1.660 23.4849 24 .4849 25.LB49 26 .4849 27 .434:·) 28.1.;849 29.4849 30.4849 
1 .670 23 . 5075 24.5075 25.5075 26 . 507 ~ 27.5075 2.'3 . 5075 29.5075 30.5075 
1. 680 23 . 5294 24.5294 25.5294 26.529J... :n . 5294 28.5294 29.5294 30.5294 
1. 690 23.5507 24 .5508 25 .5507 26.5507 27.5507 28 . 5507 29 .5507 30.5507 
1.700 23 . 5714 2L,. 5715 25 .5714 26 . 5714 27.5714 28 .5714 29.5714 30.5714 

. ' 



~lr;g_n V:=tlu e Table to fit curve y = 3.rx 12 

r no.=2t; n= 27 n=28 n=29 z:=30 n=Jl n= 32 n=33 

1.700 23 . 5715 24 .5714 25. 5711~ 26 . 5?14 27. 5714 28.5714 29.5714 3CJ . 5714 
1.710 23 .5910 24.5916 25.5916 26.5916 27.5916 28. S916 29 .5916 30 . 5'-)15 
1.720 2·; .6111 24. 6111 25.6111 26 . 1)1]1 27. 6111 28.6111 2<7 . 6111 30.6111 
1.730 23. 0:302 24. DJ01 25.6301 26.6301 27.6301 28.6)01 29.63J l 3(J , :Jj01 
1.740 ~! 3 . 64.'37 24.64.-n 25.6487 26 . 64'.37 27. 6487 28.6486 29 .64do 3U . o/,b6 
}. 750 2).6667 24.6667 25.6667 26 . 66i)7 27. 6667 28 .6667 29. oo67 30. 6667 

1.760 23.6842 24.684 2 25 . 6~42 '26 . 68h .2 27 .681.2 28 .6842 29. 6842 30.0842 
1 .770 23.7013 24.7013 25.7013 2S .7013 27 .701.3 28 .7013 29.7013 30 .7013 
J . 730 23.7180 24.7180 25.7BO ]b . 71~0 '27. ?179 28.7179 29.7179 30.7179 
1 . 790 23.7342 24.7342 25 . 7'342 25 . 7'342 27 .7342 28 .7342 29.7342 30.7342 
l. SOO 23.7500 24. 75l:O 25 . 750C' ?.•) . 7500 27.7500 28.7500 29.7500 30.7500 



~ !can Value '1'A.b] e to fit curve y = arx 13 
r n=34 n=35 n=36 n=37 n=38 n=39 n=40 n:o41 

1.100 24.3851 25.2914 26.2035 27.1213 28.0438 28.9715 29.9038 30.8404 
1.105 24.6565 25.5721 26.4933 27.4197 28.3510 29.2869 30.2272 31.1716 
l.llJ 24.9164 25.8406 26.7700 . 27.70h3 28.6433 29.5867 30.5341 31.4853 
1.115 25.J653 26.0972 27 .0340·. 27.9755 28 .9214 29.8714 30.8252 31.7825 
1.120 25.4035 26.3423 27 . 2!359 2d .2339 29.1859 30.1418 31.1012 32.0639 
1.125 25.6314 26.5765 27.5262 28.4799 ?..9 .4375 ·30.3986 31.3630 32.3304 

1.130 25 .8493 26.8002 27.755?.. 28.7142 29.6767 30.6424 31.6112 32.5828 
1.135 26.0577 27.0137 27.9737 28.9372 29 .9041 30. 8740 31.8467 32. 8219 
1.140 26 .2569 27.2176 28.1820 29.1497 30 .1204 31.0940 32.0700 33. 0484 
1.145 26 .4474 2? .4123 28 .3805 29.3519 30.3261 31.3029 32.2820 33 . 2632 
1.150 26 .6295 27 . 5981 28.5699 29.5446 30.5219 31 .5015 32.4832 33.4669 

1.155 2') .8036 27.7756 28 .7506 29 .7282 30.7082 31.6903 32.6743 33. 6601 
1.160 26 . 9701 27.9452 2E5. 9229 29.9031 30. t·~855 ·31.8698 32.8559 33. 8435 
1.165 27.1294 28.1072 29.0874 30.069Q 31.0544 32 .0407 33.02cl5 . 34.0178 
J • no 27.2818 28.2·~20 29.2445 30.2290 31.2153 32.2033 33.1927 34.1834 
1.175 27.4276 2;3 .4100 29.3944 30.3808 31.3688 32.3582 33.3490 34.3409 

1.180 27 .5672 28.5515 29. S377 30.5256 31..5151 32.5059 33.4978 34.4908 
1.185 27.7009 28 .6869 29. 6747 30 .6640 31.6547 32.6467 33.6397 34.6336 
1.190 27. 8289 28 .8164 29.8056 30 .79b2 31.7881 32.7810 33.7749 34.7696 
1.195 27 .95h> 28 . 9405 29 .9309 30.9226 31.9155 32.9093 33.9040 34.8994 
1.200 28 .0692 29 .0594 30.0509 31.0436 32 .0373 33.0319 34.0272 35.0233 

1. 205 28.1820 ?9 .1733 30.1657· 31.1593 32.1538 33.1490 34.1450 35.H.l6 
1.210 ?..8 .2903 29.2825 30.2758 31.2701 32.2653 33.2611 34.2576 35.2546 
1.215 28.3942 29.3872 30.3813 31.3763 32,3721 33. 36~5 34.3654 35.1628 . 
1.220 28.4940 29.4878 30.4826 31.4732 32.47L,4 33 .L.713 34.4686 35.-4663 
1.225 28.5899 29 .5844 30.5797 31.5759 32.5726 33.5698 34.5675 35.5655 

1.230 28 .6820 29.6772 30. 6731 31. 6::196 32.6667 33.6643 34.6623 35.6600 
1.235 28.7707 29.7664 30.76?7 31.7597 32.7572 33.7551 34.7533 35 .7518 
1 .240 28.8560 29.8521 30 . 34·~9 31.%63 J2 .S440 33.8422 34.8407 35.8394 
1.245 28.9381 29. 9JL,7 30. 9319 31.9295 32.9276 33.9259 34 .92h6 35.9235 
1.250 29.0172 30.0142 .31.01'7 32.0096 33.0079 34.0065 35.0( '53 36.0044 

1.255 29.0935 30.0908 .31.0.386 32.0867 33.0852 34.0840 35.0830 36.0821 
1.260 29.1670 30.1646 31.1626 32.1610 33.1597 34.158b 35.1577 36.1570 
1.255 29.2379 30.2358 31.2340 32.2326 33.2314 34.2305 35.2297 36.2291 
1.270 2:1.3063 30 .304l~ 31.3029 32.3016 33.3006 34.2998 35.2991 35.2986 
1.275 29.3724 30.3707 31.3694 32.3683 33.3674 34.3666 35.3660 36.3656 

1.280 29.4363 30.4348 3l.L.335 32.4326 33.4318 34.43J1 35 .430b 36.4302 
).285 29.4980 30.4966 31.4956 32.4947 33.4940 34.4934 35.4930 36.4926 
1.290 29.5576 30.5564 31.5555 32.5547 33.5541 34.5536 35.5532 36.5529 
1. 295 29.6153 30. 6144 31.6134 32.61?.8 33.6122 34.6118 35.6115 36.6112 
1.300 29 .6712 30.6703 31.6:)95 32.o·;89 33.6684 34.6:':>81 35. 0)78 36. 6075 



Hean Value Table to fit curve y = arx 14 

r .ri=34 n=35 n=36 n=37 n=38 n=39 n=40 n=41 

1.300 '29.6712 30.67u3 31.6695 32.6689 33.6684 34.6681 35.6678 36.o675 
1.310 29.7777 30.7769 31.7764 32.7759 33.7755 34.7752 35.7750 36.7748 
1.320 ··, 29.8777 30.8771 31.8766 32.8763 33.8760 34.8758 35.8756 36.8755 
1.330 29.9718 30.9713 31.9709 32.9707 33.9704 34.9703 35 < 9701 36.9700 
1.340 30.0604 31.0601 32.0598 33.0596 34.0594 35.0593 36.0592 37.0591 
1.350 30.1441 31.1438 32.1436 33.1434 34.1h33 35.1433 36.1431 37.1430 

1.360 30.2232 31.2230 32.2228 33.2226 34.2225 35.2225 36.2224 37.2224 
1.370 30.2981 31.2979 32.2977 33.2976 34.2975 35.2975 36.2974 37.2974 
1.380 30.3690 31.3689 32.3688 33.3687 34.3686 35.3686 36.3685 37.3o85 
1.390 30.4364 31.4.362 32.4362 33.4.361 34.4360 35.4360 36.4360 37.4360 
1.400 30.5004 31.5003 32.5002 33.5001 34.5001 35.5001 36.5001 37.5000 

1.410 30.5613 31.5612 32.5611 33.5611 3l~. 5611 35'· 5610 36.5610 37.5610 
1.420 30.6193 31.6192 32.6192 33.6191 34.6191 35.6191 36.)191 37.6191 
1.430 30.6746 31.6745 32.6745 33.6745 34.6745 35.6745 36.6744 3?.6744 
1.440 30.7274 31.7274 32.7273 33.7273 34.7273 35.7273 3).7273 37.7273 
1.450 30.7779 31.7779 32.7778 33.7778 34.7778 35.7778 36.7778 37.7778 

1.460 30.8262 31.8261 32.8261 33.8261 34.8261 35.8261 36.8261 37.8261 
1.470 30.8724 31.8724 32.8724. 33.8724 .34.8724 35.8724 36.8723 37.8723 
1.480 30.9167 31.9167 32.9l.S? 33.9167 34.9167 35.9167 36.9167 37.9167 
1.490 30.9592 31.9592 32.9592 33.9592 34.9592 35.9592 36.9592 37.9592 
1.500 31.0000 32.0000 33.0000 34.0000 35.0000 36.0000 37.0000 38.0000 

1.510 31.0392 32.0392 33.0392 34.0392 35.0392 36.0392 37.0392 38.0392 
1.520 31.0769 32.0769 33.0769 34.0769 35.0769 36.0769 37.0769 38.0769 
1.530 31.1132 32.1132 3'3.1112 34.1132 '3'5.11~? 16.1112 17.1132 38.1132 
1.540 .31.1482 32.1482 33.1482 34.1482 35.1482. )6.1482 37.1481 38.1481 
1.550 31.1818 32.1818 33.1818 34.1818 35.1818 36.1818 37.1818 38.1818 

1.560 31.2143 32.2143 33.2143 34.2143 35.2143 36.2143 37.2143 38.2143 
1.570 31.2456 32.2456 33.2456 34.2456 35.2456 36.2456 37.2456 38.2456 
1.580 31.2759 32.2759 33.2759 34.2759 35.2759 36.2759 37.2759 38.2759 
1.590 31.3051 32.3051 33.3051 34.3051 35.3051 36.3051 37.3051 38.3051 
1.600 31.3333 32.3333 33.3333 34.3333 35.3333 36.3333 37.33~3 38.3333 

1.610 31.3607 32.3607 33.3607 34.3607 35.3607 36.3607 37.3607 38.3607 
1.620 31.3871 32.3871 33.3871 34.3871 35.3871 36.3871 37.3871 38.3871 
1.630 31.4127 32.4127 33.4127 34.4127 35.4127 36.4127 37.4127 38.4127 
1.640 31.4375 32.4375 33.4375 34.4375 35.4375 36.4375 37.4375 38.4375 
1.650 31.4615 32.4615 33.4615 3L• .• 4615 35.4615 3b.4615 3'7 .4615 38.4615 

1.660 31 •. 4848 32.4848 33-4848 34.4848 35.4848 36.4848 37.4848 38.4848 
1.670 31.5075 32.5075 33.5075 34.5075 35.5075 36.5075 }7.5075 38.5075 
1.680 31.5294 32.5294 33.5294 34.5294 35.5294 36.5294 37.5294 38.5294 
J .6'90 31.5507 32.5507 33.5507 34.5507 35.5507 36.5507 37.5507 38.5507 
1.700 31.5714 32.5714 33.5714 34.5714 35.5714 36.5714 37.5714 38.5714 



Mean Value Table to fit curve y = arX 15 

r n=34 n=35 n=36 n=37 n=38 n=39 n=40 n=4l 

l. 700 . 31.5714 32.5714 33.5714 34.5714 35.5714 36.5714 37.5714 38.5714 
1.710 31.5915 32.5915 33.5915 34.5915 35.5915 36.5915 37.5915 38.5915 
1.720 31.6111 32.6111 33.6111 34.61Jl 35·.61] l 36.6111 37.6111 38.6111 
1.730 31.6301 32.6301 33.6301 34.6301 3S46301 36.6301 37.6301 38.6301 
1.740 31.6486 32.6486 33.6486 34.6486 35.6486 36.6486 37.6486 38.6486 
1.750 31.6667 32.6667 33.6667 34.6667 35.6667 36.6667 37.6667 38.6667 

1.760 31.6842 32.6842 33.6842 34.6842 35.6842 36.6842 37.6842 38.6842 
1.770 31.7013 32.7013 33.7013 34.7013 35.7013 36.7013 37.7013 38.7013 
1.780 31.7179 32.7179 33.7179 34.7179 35.7179 36.7179 37-7179 38.7179 
1.790 31.7342 32.7342 33.7342 34.7342 35.7342 36.7342 37.7342 38.7342 
1.800 31.7500 32.7500 33.7500 34.7500 35.7500 36.7500 37.7500 38.7500 



Hean Value Ts.ble to fit curve y = arx 16 

r n=42 n=43 n=44 

1.100 31.7812 32.7259 33.6742 
1.105 32.1198 33.0717 34.0269 
1.100 32.4401 33.3983 34.3596 
1.115 32.7431 33.7068 34.~733 
1.120 33.0296 33.9981 34.9692 
1.125 33.30U6 34.2733 35. 2t..84 

1.130 33.5569 34.5333 35.5119 
1.135 33.7994 34.7790 35.7606 
1.140 34.0289 35.0014 35.9955 
1.145 34.2463 35.2311 36.2175 
1.150 34.4522 35.4391 36.427 5 

1.155 34.6474 35.6362 36.6261 
1.160 34.8326 35.8229 36 .8143 
1.165 35.0083 35.9999 36.9926 
1.170 35.1752 36.1680 37.1617 
1.175 35.3338 36.3276 37.3222 

1.180 35.4847 36.4793 37.4747 
1.185 35.6283 36.6237 37.6197 
1.190 35.7651 36.7611 37.7577 
1.195 35.8955 36.8921 37.8891 
1.200 36.0199 37.0169 38.0144 

1.205 36.1386 37.1361 38.1340 
1.210 36.2521 37.2499 38.2481 
1.215 36.3606 37.3588 38.3572 
1.220 36.4645 37.4029 38.4615 
1.225 36.5639 37.5625 38.5614 

1.230 36.6592 37.6580 38.6570 
1.235 36.7506 37.7496 38.7488 
1.240 36.8383 37.8375 38.8367 
1.245 36.9226 37.9218 38.9212 
1.250 37.0036 38.0029 39.0024 

1.255 37.081 5 38.0809 39.0804 
1.260 37.1564 38.1559 39.1555 
1.265 37.2286 38.2282 39.2278 
J .270 37.2981 38.2978 39.2975 
1.275 37-3652 38.3649 39.3646 

1.280 37.4299 38.4296 39.4294 
1.285 37.4923 38.4921 39.4919 
1.290 37.5527 38.5525 39.5)23 
1.295 37.6110 38.6108 39.6107 
1.300 37.6674 38.6672 39.6671 



Hean Value Table to fit curve y = arX 17 

r n=42 n=43 n=44 

1.300 37.667 4 38.6672 39.667J 
1.310 37-7747 38.7746 39.7745 
1.320 37.8754 38.8753 39.8752 
1.330 37.9700 38.9699 39.9699 
1.340 38.0590 39.0590 40.0589 
1.350 38.1430 39.1430. 40.1429 

1.360 38.2223 39.2223 40.2223 
1.370 38.2974 39.297 4 40.2973 
1.380 38.3685 39.368 5 40.368 5 
1.390 38.435'9 39.4359 40.4359 
1.400 38.5000 39.5000 40.5000 

1.410 38.5610 39.5610 40.5610 
1.420 38.6191 39.6191 40.6191 
1.430 38.6744 39.6744 40.6744 
1.440 38.7273 39.7273 40.7273 
1.450 38.7778 39.7778 40.7778 

1.460 38.8261 39.8261 40.8261 
1.470 38.8723 39.8723 40.8723 
1.480 38.9167 39.9167 40.9167 
1.490 38.9592 39.9592 40.9592 
1.500 39.0000 40.0000 41.0000 

1.510 39.0392 40.0392 41.0392 
1.520 39.0769 40.0769 41.0769 
1.530 39.1132 40.1132 41.1132 
1.540 39.1481 40.1481 41.1481 
1.550 39.1818 40.1818 41.1818 

1.560 39.2143 40.2143 41.2143 
1.570 39.2456 40.2456 41.2456 
1.580 39.2759 ' 40.2759 4.1.2759 
1.590 39.3051 40.3051 41.3051 
1.600 39.3333 40.3333 41.3333 

1.610 JC/.360·7 40.3607 41.3607 
1.620 39.3871 40.3871 41.3871 
1.630 39.4127 40.4127 41.4127 
1.640 39.4375 40.4375 41.4375 
1.650 39.4615 40.4615 41.4615 

1.660 39.4848 40.4848 41.4848 
1.670 39.5075 40.5075 41.5075 
1.680 39.5294 40.5294 41.5294 
1.690 39.5507 40.5507 41. 5507 
1.700 39.5714 40.5714 41.5714 



Mean Value Table to fit curve y = arX 18 

r n=42 n=43 n=44 

1.700 39.5714 40.5714 41.5714 
1.710 39.5915 40.5915 41.5915 
1.720 39.6111 40.6111 41.6111 
1.730 39.6301 40.6301 41.6301 
1.740 39.6486 40.6486 41.6486 
1.750 39.6667 40.6667 41.6667 

1.760 39.6842 40.6842 41.6842 
1.770 39.7013 40.7013 41.7013 
1.780 39.7179 40.7179 41.7179 
1.790 39.734.2 40.7342 41.7342 
1.800 39.7500 40.7500 41.7500 



Mean Value Table to fit curve y = arx 19 

r n=41 n=42 n=43 n=44 n=45 n=46 n=47 n=48 

1.000 20.0000 20.5000 21.00()0 21.5000 22.0000 22.5000 I i3.0000 23.5000 
1.001 20.1399 20.6468 21.1539 21.6612 22.1686 22.6762. 23.1839 23.6918 
1.002 20.2797 20.7935 21.3076 21.8221 22.3369 22.8521 23.3676 23.8834 
1.003 20.4193 20.9400 21.4612 21.9829 22.5051 23.0278 23.5510 24.07~7 
1.004 20.5586 21.0862 21.6145 22.1434 22.6730 2.3.2032 23.7341 24.2657 
1.005 20.6978 21.2322 21.7675 22.3036 22.8405 23.3783 23.9169 24.4563 

1.006 20.836T 21.3779 2L9202 22.4635 23.0078 23.5530 24.0993 24.61. 65 
1.007 20.9753 21.5234 22.0726 22·.6231 23.1746 23.7273 24.2812 24.8362 
1.008 21.1136 21.6685 22.2247 22.7822 23.3411 23.9013 24.4627 25.0255 
1.009 21.2515 21.8132 22.3764 22.9410 23.5071 24.0747 24.6437 25.2142 
1.010 21.3892 21.9576 22.5277 23.0994 23.6727 24.2476 24.8242 25.4024 

1.011 21.5265 22.1016 22.6786 23.2573 23.8378 24.4201 25.0041 25.5900 
1.012 21.6634 22.2452 22.8290 23.4147 24.002.4 24.5919 25.1834 25.7769 
1.013 21.7999 22.3884 22.9769 23.5716 24.1664 24.7632 25.3621 25.9631 
1.014 21.9359 22.5310 23.1284 23.7280 24.3298 24.9338 25.5401 26.1486 
1.015 22.0716 22.6733 23.2773 23.8838 24.4926 25.1038 25.7174 26.3333 

1.016 22.2067 22.81-50 23.4257 21· .0390 24~6548 25.2731 25.8939 26.5173 
1.017 22.3414 22.9561 23.5735 24.1936 24.8163 25.4417 26.0697 26.7004 
1.018 22.4756 23.0968 23.?208 24.3476 24.97T2. 25.6095 26.2447 26.8826 
1.019 22.6092 23.2368 23.8674 24.5009 25.1373 25.7766 26.4188 27.0640 
1.020 22.7424 23.3763 24.0134 2'-'..6535 25.2966 25.9429 26.5921 27.2444 

1.021 22.8749 23.5152 2'-'..1587 24.8054 25.4552 26.1083 26.7645 27.4239 
1.022 23.0069 23.6535 24.3033 24. 9565" 25.6131 26.2729 26.9360 27.6023 
1.023 23.1383 23. 791J 24.4473 25.1C70 25.7701 26.4366 27.1065 27.7798 
1.024 23.2691 23.9280 24.5905 25.2566 25.9262 26.5994 27.2760 27.9562 
1.025 23.3993 24.0643 24.7330 25.4054 26.0815 26.7612 27.4446 28.1315 

1.026 23.5288 24.1.999 24.8748 25.5535 26.2359 26. 922'2 27.6121 28.3057 
1.027 23.6577 24.3348 25.0158 25.7007 26.3895 27.0821 27.7786 28.4788 
1.028 23.7859 24.4689 25.1560 25.8470 26.5421 27.2410 27.9440 28.6508 
1.029 23.9134 24.6023 25.2954 25.9925 26.6937 27.3990 28.1083 28.8215 
1.030 24.0403 24.7350 25.4340 26.1371 26.8444 27.5559 28.2715 28.9911 

1.031 24.1664 24.8669 25.5717 26.2808 26.9942 27.7117 2~!.4335 29.159.5 
1.032 24.2918 24.9980 25.7086 26.4236 27.1429 27.8665 28.5944 29.336 
1.033 24.4165 25.1283 25.8446 26.5654 27.2906 28.0202 28.7542 29.4924 
1.034 24.5404 25.2578 25.9798 26.7063 27.4373 28.1728 28.9127 29.6570 
1.035 24.6636 25.3865 26.1141 26.8462 27.5830 28.3243 29.0701 29.8203 

1.036 24.7860 25.5144 26.2474 26.9852 27.7276 28.4746 29.2262 29.9823 
1.037 24.9077 25.6414 26.3799 27.1231 27.8711 28.6238 29.3811 30.1429 
1.038 25.0285 25.7675 26.5114 27.2601 28.0136 28.7718 29.5347 30.3022 
1.039 25.1486 25.8928 26.6420 27.3961 28.1550 28.9187 29.6871 30.4602 
1.040 25.2678 26.0172 26.7716 27.5310 28 ,2953 29.0644 29.8382 30.6168 



Hean Value Table to fit curve y = :Jrx 20 

r n=41 n=42 n=43 n=44 n=45 n=46 n=47 n=48 

1.040 25.2678 26.0172 26.7716 27.5310 28 .2953 29.0644 29.8382 30.6168 
1.041 25.3862 26.1407 26.9003 27. 6649 28.4344 29.2088 29.9880 30.7720 
1.042 25.50.38 26.2634 27.0280 27.7978 28.5725 29.3521 30.1366 30.9258 
1.043 25.6206 26.3851 27.154g 27.9296 28.7U94 29.4942 30.2838 31.0783 
1.044 25.7366 26.5060 27.28C6 28.0603 28.8452 29.6350 30.4297 31.2 ~93 
1.045 25.8517 26.6259 27.4054 28.1900 28.9798 29. 77l~6 30.5743 31.3789" 

1.046 25.9659 26.7449 27.5291 28.3186 29.1133 29.9130 30.7176 31.5271 
1.G47 26.0793 26.8629 27.6519 28 .4462 29.2456 30.0501 30.8596 31.6739 
1.048 26.1918 26.9801 27.7737 28. 5?26 29 .37•'"Je 30.1860 31.0002 31.8193 
1.049 26.3035 27.0963 27.8945 28.6980 29 .5067 30.320.) 31.1394 31.9632 
1.050 26.4143 27.2116 28.0143 28.8223 29.6356 30.4539 31.2774 32.1057 

1.051 26. 5211 ? 27.3259 28.1330 28.9455 29.7632 30.5861 31.4139 32.2h67 
1.052 26. 6332 27.4392 28.2507 29.0676 29.8897 30.7169 31.5492 32 .3864 
1.053 26.7414 27. 5517 28.3674 29.1886 30.0149 30.8465 31.6830 32.5245 
1.054 26.848'/ 27.6631 28.4831 29.3084 30.1390 30.9748 31.8156 32.6613 
1.055 26.9550 27.7736 28. 59'77 29.4 272 30.2619 31.1018 31.9467 32.7965 

1.056 27.0605 27.8832 28.7113 29 . 5449 30.3337 31.227o 32.0766 32.9304 
1.057 27. }651 27.9918 28 . 8~39 29 .6614 30",5042 31.3521 32.2050 33.0628 . 
1.058 27.2688 28.0994 22 . o :~ 5~~ 29 . 7769 30.6236 31.4754 32.3321 33.1938 
1.059 27.3716 28.2060 29 .0459 ?9.8912 30.7417 31.5973 32 .4579 33.3.233 
1.060 27.4736 28.3117 29 .155 5 30 .0044 30.858? 31.7181 32.5823 33.4515 

1.061 27.5746 28.4164 29.2638 30.116u 30.974') 31.8375 32.7054 33.5782 
1.062 27.6747 28.5202 29 .3712 30. 2276 31.0891 31.9557 32.8272 33.7034 
1.063 27.7739 28.6230 29 .477·~ 30.3375 31.2026 32 .0727 32.9476 33.8273 
1.064 27.8722 28.7249 29.5829 30.4463 31.3148 32.1883 33.0667 33. 9h98 
1.065 27.9697 28.8258 29.6873 30.5540 31.4259 32.3028 33.1845 ;h.0708 

1.066 28.0662 28.9257 29 .7905 30. S607 31.5359 32.4160 33.3009 34.1905 
1.067 28.1619 29.0246 29.8928 30.7662 31.6446 32.5280 33.4161 34.3087 
1.068 28.2566 29.1227 29.9940 30.8706 31.7522 32.6387 33.5299 34.4256 
1.069 28.3505 29.2197 30. 09h3 30.9740 31.8587 32.7483 33.6425 34.5412 
] .070 28.4435 29.3158 30.1935 31.0763 31 .9640 32.8565 33-7537 34.b553 

1.071 28.5356 29.4110 30.2917 31.1775 32.0682 32.9636 33.8637 34.7681 
1.072 28.6268 29.505< 30.3889 31.2776 32 . J 7J 2 J3 .0D95 33.9724 34.8796 
1.073 28.7172 29.5985 30.4851 31. 3767 32.2731 33.1742 3h.0798 34.9897 
1.074 28.8C66 29.6909 30 .5803 31.4747 32.3739 33.2777 34.1860 35.0985 
} .075 28 .895"2 29.7823 30.6745 31.5716 32.4735 33.3800 34.2909 35.2060 

1.076 28.98 30 29.8728 30.7677 31. 6·~75 32.5721 33.4812 34-3946 35.3122 
1.077 29.0698 29.962 4 30.8599 31.7624 32.6695 33.5812 34.4971 35-4171 
1.078 29.1558 30.0510 30.9512 31.8562 32.7659 33.6800 31~. 5983 35.5207 
1.079 29.2410 30.1388 31.0415 31.9490 32.8612 33.7777 34.6984 35.6231 
1.080 29.3253 30.2256 31.1308 32.0408 32.9553 33.8742 34.7972 35.7242 



Mean Value Table to fit curve y = 3.rX 21 

r n=41 n=42 n=4.3 n=44 n=45 n=46 n=-47 n=48 

1.080 29 • .325.3 .30.2256 .31.1.308 .32.0408 .32.955.3 .3.3.8742 .34.79.72 .35. 7242 
1.081 29.4087 .30.3115 31.2192 32.1316 .33.0485 33.9696 34.8948 .35.8240 
1.082 29.491.3 30.3966 31..3067 .32.2214 33.1405 34.0639 34.9913 35.9226 
1.08.3 29.5731 30.4807 31.39.31 .32.3101 .3.3.2315 .34.1571 .35.0866 36.0200 
1.084. 29.6540 30.5640 31.4787 .32 . .3979 .33.3215 .3h.2491 35.1808 36.1161 
1.085 29.7341 30.6464 31. 56.3.3 .32.4847 3.3.4104 34.3401 35.27.38 36.2111 

1.086 29.8134 30.7279 31.6470 .32.5705 .3.3.498.3 34.4300 35 • .3656 J6.3U48 
1.087 29.8919 .30.8085 .31. 7298 .32.6554 .3.3.5851 .34.5189 .35.4564 .36.3971~ 
1.088 29.9696 30.8883 .31.8116 .32.7.39.3 .3.3.6710 34.6066 .35.5460 .36.4889 
1.089 .30.0464 .30.967.3 .31.8926 32.8222 .33.7558 .34.6934 35.6345 36.5792 
1.090 '30.1225 .31.0454 .3J.q727 32.9042 .33.8397 34.7790 35.7220 36.6683 

1.091 30.1977 31.1226 32.0518 32.9852 33.9226 34.86.37 35.8083 36.7563 
1.092 30.2722 31.1990 32.1302 33.0654 34.0045 34.9473 35.8936 36.8432 
1.093 30.3459 31.2746 32.2076 33.11d~6 34.0855 35.0299 35.9779 36.9290 
1.094 30.4188 31.3494 32.2841 33.2229 34.1655 35.1116 36.0611 37.0137 
1.095 30.4910 31.4233 32.3599 33.3003 34.2445 35.1922 36.1432 37.0974 

1.096 30.5624 31.4965 32.4347 33.3768 34.3226 35.2719 36.2244 37.1~00 
1.097 30.6330 31.5688 32.5087 33.4525 34.3998 35.3506 36.3045 37.2615 
1.098 30.7029 31.6404 32.5819 33.5~72 3h.4761 35.4283 36.3837 37.3420 
1.099 30.7720 31.7112 32.6543 33.6011 34.5515 35.5051 36.4618 37.421.5 
1.100 30.8404 31.7812 32.7259 33.6742 34.6260 35.5810 36.5390 37.4999 



Mean Value Table to fit curve y = arx 2~ 

r n=49 n=50 n=51 n=52 n=53 n=54 n=55 n=56 

1.000 24.0000 24.5000 25.0000 25.5000 26.0000 26.5000 27.0000 27.5000 
1.001 24.1999 24.7081 25.2165 25.7251 26.2339 26.7428 27.2518 27.7611 
1.002 24.3995 24.9160 25.4328 25.9500 26.4674 26.9852 27.5034 28.0219 
1.003 24.5989 25.1236 25.6488 26.1745 26.7007 27.2273 27.7545 28.2822 
1.004 24.7979 25.3308 25.8643 26.3986 26.9334 27.4690 28. 0052 28.5421 
1.005 24.9965 25.5376 26.0795 26.6222 27.1657 27.7101 28.2553 28.8013 

1.006 25.1947 25.7439 26.2941 26.8453 27.3975 27.9506 28.5048 29.0599 
1.007 25.3924 25.9497 26.5082 27.0678 27.62$6 28.1905 28.7536 29.3178 
1.008 25.5896 26.1550 26.7217 27.2897 27.8590 28.4297 29.0016 29.5748 
1.009 25.7862 26.3597 26.9346 27.5109 28.0887 28.6680 29.2488 29.8310 
1.010 25.9822 26.5636 27.1467 27.7314 28.3177 28.9055 29.4951 30.0862 

1.011 26.1776 26.7670 27.3581 27.9510 28.5457 29.1422 29.7404 30.34.03 
1.012 26.3722 26.9695 27.5687 28.1698 28.7729 29.3778 29.9846 30.5934 
1.013 26.5662 27.1713 27.7785 28.3877 28.9990 29.6124 30.2278 30.8453 
1.014 26.7593 27.3722 27.9873 28.6047 29. 2242 29.8459 30.4698 · 31.0959 
1.015 26.9516 27.5723 28.1953 28.8206 29.4483 30.0783 30.7106 31.3453 

1.016 27.1431 27.7714 28.4022 29.0355 29.6713 30.3095 30.9502 31.5933 
1.017 27.3337 27.9696 28.6081 29.2493 29.8930 30.5394 31.1883 31.8399 
1.019 27.5233 '28.1669 28.81)0 29.4619 30.1136 30.7680 31.4251 32.0849 
1.019 27.7120 28.)629 29.0167 29.6734 30.3329 30.9953 31.6604 32.3285 
1.020 27.8997 28.5580 29.2193 29.8836 30.5509 31.2211 31.8943 32.5704 

1.021 28.0864 28.7520 29.4207 30.0926 30.7675 31.4455 32.1266 32.8107 
1.022 28.2720 28.9448 29.6209 30.3002 30.9827 31.6684 32.3572 33.0492 
1.023 28.4565 29.1365 29.8198 30.5065 31.1965 31.8897 32.5863 33.2860 
1.024 28.6398 29.3269 30.0174 30.7114 31.4088 32.1095 32.8136 33.5211 
1.025 28.8220 29.5161 30.2137 30.9149 31.6195 32.3276 33.0392 33.7542 

1.026 29.0031 29.7040 30.4087 31.1169 31.8287 32.5441 33.2631 33.9855 
1.027 29.1829 29.8907 30.6022 31.3174 32.0363 3.2. 7589 33.4851 34.2149 
1.028 29.3614 30.0760 30. 79l,1 31.5164 32.2423 32.9720 33.7053 34.4423 
1.029 29.5388 30.2599 30.9850 31.7139 32.4467 33.1832 33.9236 34·6677 
1.030 29.7148 30.4425 31.1742 31.9098 32.6493 33.3927 34.1400 34.8910 

1.031 29.8895 30.6237 31.3619 32.1041 32.8502 33.6004 34.3544 35.1123 
1.032 30.0629 30.8034 31.5480 32.2967 33.0494 33.8062 34.5669 35.3315 
1.033 30.2349 30.9817 31.7326 32.4877 33.2469 34.0101 34.7774 35.5486 
1.034 30.4056 31.1585 31.9157 32.6770 33.4425 34.2121 34.9858 35.7635 
1.035 30.5749 31.3339 32.0971 32.8647 33.6364 34.4122 35.1922 35.9762 

1.036 30.7428 31.5077 32.2770 33.0506 33.8284 34.6104 35.3966 36.1868 
1.037 30.9092 31.6800 32.4552 33.2347 34.0186 34.8066 35.5988 36.3952 
L038 31.0743 31.8508 32.6318 33.4172 34.2069 35.0008 35.7990 36.6013 
1.039 31.2379 32.0201 32.8068 33.5979 34.3933 35.1931 35.9970 36.8052 
1.040 31.4000 32.1878 32.9800 33.7768 34.5779 35.3833 36.1930 37.0068 



Mean Value Table to fit curve y = arx 2-,3 

r n=49 n=50 n=51 n=52 n=53 n=54 n=55 n=56 

1.040 31.4000 32.1878 32.9800 33.7768 34.5779 35.3833 36.1930 37.0068 
1.041 31.5606 32.3539 33.1516 33.9539 34.7605 35.5715 36.3867 37.2062 
1.042 31.7198 32.5184 33.3215 34.1292 34.9413 35.7577 36.5784 3?.4033 
1.043 31.8775 32.6813 33.4898 34.3027 35.1201 35.9418 36.7679 37.5981 
1.044 32.0336 32.8427 33.6563 34.4744 35.2970 36.1239 36.9552 37.7906 
1.045 32.1883 33.0024 33.8211 34.6443 35.4720 36.3040 37.1403 37.9809 

1.046 32.3415 33.1605 33.9842 34.8124 35.6450 36.4820 37.3233 38.1688 
1.047 32.l~931 33.3170 34.1455 34.9786 35.8161 36.6580 37.5041 38.3545 
1.048 32.6432 33.4719 34.3052 35.1430 35.9853 36.8319 37.6828 38.5378 
1.049 32.7918 33.6251 34.4631 35.3055 36.1525 37.0037 37.8592 38.7189 
1.050 32.9389 33.7767 34.6192 35 .L~663 36.3177 37.1735 38.0336 38.8977 

1.051 33.0844 33.9267 34.7737 35.6252 36.4811 37.3413 38.2057 39.0742 
1.052 33.2284 34.0751 34.9264 35.7822 36.6425 37.5070 38.3757 39.2485 
1.053 33.3708 34.2218 35.0774 35.9375 36.8019 37.6706 38.5435 39.4204 
1.054 33.5117 34.3669 35.2267 36.0909 36.9595 37.8323 38.7092 39.5902 
1.055 33.6511 34.5104 35.3742 36.2425 37.1151 37.9919 38.8728 39.7576 

1.056 33.7890 34.6523 35.5201 36.3923 37.2688 38.1494 39.03h2 39.9229 
1.057 33.9253 34.7925 35.6642 36.5402 37.4205 38.3050 39.1935 40.0859 
1.058 34.0602 34.9311 35.8066 36.6864 37.5704 38.4586 39.3507 40.2467 
1.059 34.1935 35.0682 35.9473 36.8308 37.7184 38.6102 39.5058 40.4054 
1.060 34.3252 35.2036 36.0863 36.9733 37.8645 38.7598 39.6589 40 .. 5618 

1.061 34.4555 35.3374 36.2236 37.1142 38.0088 38.9074 39.8099 40.7161 
1.062 34o 5843 35.4696 36.3593 37.2532 38.1512 39.0531 39.9588 40.8682 
1.063 34.7116 35.6003 36.4933 37.3905 38.2917 39.1968 40.1057 41.0182 
1.064 34.8374 35.7294 36.6256 37.5260 38.4304 39.3386 40.2506 41.1661 
1.065 34.9617 35.8569 36.7563 37.6598 38.5673 39.4785 40.3935 41.3120 

1.006 35.0845 35.9828 36.8853 37.7919 38.7023 39.6165 40.5344 41.4557 
1.067 35.2059 36.1072 37.0128 37.9223 38.8356 39.7527 40.6733 41.5974 
1.068 35.325a 36.2301 37.1386 38.0509 38.9671 39.8870 40.8i03 41.7371 
1.069 35.4442 36.3515 37.2628 38.1780 39.0969 40.0194 40.9454 41.8747 
1.070 35.5613 36.4713 37.3854 38.3033 39.2249 40.1500 41.0785 42.0104 

1.071 35.6769 36.5897 37.5064 38 .L~269 39.3511 40.2788 41.2098 42.~41 
1.072 35.7910 36.7065 37.6259 38.5490 39.4757 40.4058 41.3392 42.2758 
1.073 35.9038 36.8219 37.7438 38.6694 39.5985 40.5310 41.4668 42.4057 
1.074 36.0152 36.9358 37.8602 38.7882 39.7197 40.6545 41.5925 42.5336 
1.075 36.1252 37.0483 37.9751 38.9054 39.8392 40.7763 41.7165 42.6597 

1.076 36.2338 37.1593 38.0884 39.02:1 39.9571 40.8963 41.8386 42.7839 
1.077 36.3411 37.2689 38.2003 39.1352 40.0733 41.0147 41.9590 42.9063 
1.078 36.4470 37.3771 38.3107 39.2477 40.1880 41.1313 42.0777 43.0268 
1.079 36.5516 37.4839 38.4196 39.3587 40.3010 41.2464 42.1946 43.1456 
1.080 36.6549 37.5893 38.5272 39.4682 40.4125 41.3597 42.3098 43.2627 



Mean Value Table to fit curve y = arX ~ 

r n=49 n=50 n=51 n=52 n=53 n=54 n=55 n=56 

1.080 36.6549 37.5893 38.5272 39.468Z 40.4125 41.3597 42.3098 43.2627 
1.081 36.7569 37.6933 38.6332 39.5763 40.5224 41.4715 42.4234 43-3780 
1.082 36.8575 37.7960 38.7378 39.6828 40.6308 41.5817 42.5353 43.4916 
1.083 36.9569 37.8974 38.8411 39.7879 40.7377 41.6903 42.6456 43.6035 
1.084 37.0550 37.9974 38.9429 39.8915 40.8431 41.7974 42.7543 43.7137 
1.085 37.1519 38.0961 39.0434 39.9938 40.9h70 41.9029 42.8614 '-~-3.8223 

1.086 37.2475 38.1935 39.1426 40.0946 41.0494 42.0069 42.9669 43.9293 
1.087 37.3419 38.2896 39.2404 40.1940 41.1505 42.1095 43.0709 44.0347 
1.088 37.4351 38.3845 39.3369 40.2921 41.2500 42.2105 43.1734 44.1385 
1.089 37.5271 38.4781 39.4321 40.3888 41.3482 42.3101 43.2744 44.2408 
1.090 37.6179 38.5705 39.5260 40.4842 41.4451 42.4083 43.3739 44. 3416 

1.091 37.7075 38.6616 39.6186 40.5783 41.5405 42.5051 43.4719 44.4408 
1.092 37.7959 38.7516 39.7100 40.6711 41.6346 42.6005 43.5685 44.5386 
1.093 37.8832 38.8403 39.8u02 40.7626 41.7274 42.6945 43.6637 44.6350 
1.094 37.9694 38.9279 39.8891 40.8528 41.8189 42.7872 43.7575 44.7299 
1.095 38.0545 39.0144 39.9769 40.9418 41.9091 42.8785 43.8500 44.8234 

1.096 38.138h 39.0995 40.0634 41.0296 41.9980 42.9686 43.9411 44.9155 
1.097 38.2213 39.1838 40.1488 41.1161 42.0857 43.0573 44.0309 45.0063 
1.098 38.3031 39.2668 40.2330 41.2015 42.1721 43.1448 44.1193 45.0957 
1.099 38.3838 39.3487 40.3161 41.2857 42.2574 43.2310 44.2065 45.1838 
1.100 38.4635 39.4296 40.3980 41.3687 42.3414 43-3160 44.2925 45.2706 



Hean Value T.::~.ble to fit curve y = arX 25 

r n=57 n=58 n=59 n=60 n=6l n=62 n=63 n=64 

1.000 28.0000 28.5000 29.0000 29.5000 30.0000 30.5000 31.0000 31.5000 
1.001 28.2705 28.7801 29.2898 29.7997 30.3098 30.8201 31.3305 31.8410 
1.002 28.5407 29.0599 29.5793 30.0991 30.6192 31.1397 31.6605 32.1816 
1.003 28.8104 29.3391 29.8682 30.3979 30.9281 31.4588 31.9899 32.5216 
1.004 29.0796 29.6178 30.1566 30.6961 31.2363 31.7771 32.3186 32.8608 
1.005 29.3481 29.8958 30.1..443 30.9936 31.5438 32.0947 32.6465 33.1991 

1.006 29.6160 30.1731 30.7312 31.2903 31.8503 32.4114 32.9734 33. 536L~ 
1.007 29.8831 30.4496 31.0172 31.5860 32.1559 32.7270 33.2992 33.8726 
1.008 30.1493 30.7252 31.3023 31.8807 32.4604 33.0415 33.6238 34.2074 
1.009 30.4146 30.9997 31.5863 32.1743 32.7638 33.3547 33.9471 34.5409 
1.010 30.6789 31.2732 31.869;: 32.4667 33.0658 33.6666 34.2689 34.8728 

1.011 30.9421 31.5455 32.1508 32.7577 33.3665 33.9769 34,5891 35·.2031 
1.012 31.204: 31.8166 32.4311 33.0474 33.6656 34.2857 34.9077 35.5316 
1.013 31.4648 32.0864 32.7099 33.3356 33.9632 34.5929 35 .22M) 35.8583 
1.014 31.7242 32.3547 32.9873 33.6221 34.2591 34.8982 35.5395 36.1829 
1.015 31.9823 32.6216 33.2631 33.9070 34.5532 35.2017 35.8524 36.5055 

1.016 32.2389 32.8869 33.5373 34.1902 34.845': 35.5032 36.1633 36.8258 
1.017 32.4939 33.1506 33.8098 34.4716 35.1358 35.8027 36.4720 37.1439 
1.018 32.7474 33.4126 34.0805 34.7510 35.4242 36.1000 36.7785 37.4595 
1.019 32.9993 33.6729 34.3493 35.0285 35.7104 36.3951 37.0826 37.7727 
1.020 33.2494 33.9313 34.6162 35.3039 35.9945 36.6879 37.3842 38.0834 

1.021 33.4978 34.1879 34.8811 35.5772 36.2763 36.9784 37.6834 38.3913 
1.022 33.7444 34.4426 35.1439 35.848.4 36.5558 37.2664 37.9800 38.6966 
1.023 33.9890 34.6953 35.4047 36.1173 36.8330· 37.5519 38.2739 38.9990 
1.024 34.2318 34.9459 35.6633 36.3839 37.1077 37.8348 38.5651 39.2985 
1.025 34.4727 35.1945 35.9196 36.648.2 37.3800 38.1151 38.8535 39.5952 

1.026 34.7115 35.4409 36.1737 36.9100 37.6497 38.3927 39.1391 39.8888 
1.027 34.9482 35.6 85J. ; 36 • 42 55 37.1694 37.9168 38.6676 39.4218 40.1794 
1.028 35.1829 35 .~:~27 r · 36.6750 37.4264 38.1813 38.9397 39.7015 40.4668 
1.029 35.4155 36.1669 36.9220 37.6808 38.4431 39.2089 39.9783 40.7511 
1.030 35.6458 36.4044 37.1667 37.9326 38.7021 39.4753 40.2520 41.0322 

1.031 35.8740 36.6395 37.4083 38.1818 38.9584 39.7387 40.5226 41.3101 
1.032 36.1000 36.8723 37.6485 38.4284 39.2120 39.999J 40. 79(2 41.5847 
1.033 36.3237 37.1027 37.8856 38.6723 39.462? 40.2568 41.0546 41.8559 
1.034 36.5451 37.3307 38.1202 38.9135 39.7105 40.5113 41.3158 42.1239 
1.035 36.7643 37.5563 38.3522 39.1519 39.9555 40.7628 41.5738 42.3885 

1.036 36.9811 37.7794 38.5816 39.3876 40.1976 41.0112 41.8286 42.6497 
1.037 37.1956 38.0000 38.8083 39.6206 40.4367 41.2566 42.0802 42.9075 
1.038 37.4077 38.2181 39.0325 39.8508 40.6729 41.4989 42.3286 43.1619 
1.039 37.6174 38.4337 39.2540 40.0782 40.9062 41.7381 42.5737 43.4129 
1.040 37.8248 38.6468 39.h728 40.3028 41.1366 · 41.9742 42.8155 43.6605 



Mean Value Tab1 e to fit curve y = arX 26 

r n=57 n=58 n=59 n=60 n=6l n=o2 n=63 n=64 

1.040 37.8248 38.6468 39.4728 40.3028 41.1366 41.9742 42.8155 43.6605 
1.041 38.0297 38.8574 39.6890 40.52h5 41.3639 42.2071 43.0540 43.9046 
1.042 38.2323 39.0654 39.9025 40.7435 41.5884 42.4370 43. 2893 44.1453 
1.043 38.4325 39.2709 40.1133 40.9596 41.8098 42.6637 43.5214 44.3826 
1.044 38.6302 39.4738 40.3214 41.17:'(, 42.0283 42.8874 43.7501 44.6165 
1.045 38.8255 39.6742 40.52J9 41.383 i 42.2438 43.1079 43.9756 44.8470 

1.046 39.0184 39.8721 l~O. 7297 41.5911 42.4564 43.3253 44.1979 45.0?h0 
1.047 39.2089 40.0674 40.9298 41.7960 42.6660 43.5397 44.4169 45.2977 
1.048 39.3970 40.2601 41.1272 41.9981 42.8727 43.7509 44.6328 45.5181 
1.049 39.5827 40.4504 41.3220 42.1973 43.0764 43.9591 44.845~ 45.7350 
1.050 39.7659 40.6381 41.5141 42.3938 43.2773 44.1643 45.0548 45.9487 

1.051 39.9468 40.8232 41.7035 42.5875 43.4752 44.3664 45.2610 ~6.1590 
1.052 40.1252 41.0059 41.8904 42.7785 43.6702 44.5655 45.4641 46.3661 
1.053 40.3013 41.1861 42. 07L~b 4.2. 9667 43.8624 h4.7616 45.6641 46.5699 
1.054 40.4751 41.3638 42.2502 43.1522 44.0517 44.9547 45.8610 46.7705 
1.055 40.6464 41.5390 42.4352 43.3350 44.238;2 45.1449 46.0548 46.9678 

1.056 40.8154 41.7117 42.6116 43.5151 44.4219 45.3321 46.2455 47.1621 
1.057 40.9821 4J.8820 42.7855 43.6925 44.6029 45.5165 46.h333 47.3531 
1.058 41.1465 42.0499 42.9569 43.8673 44.7810 45.6980 46.6180 47.5411 
1.059 41.3086 42.2154 43.1258 44.0395 44.9565 45.8766 46.7998 47.7260 
1.060 41.4684 42.3785 43.2921 44.2091 45.1292 46.0525 46.9787 47.9079 

1.061 41.6259 42.5393 43.4560 44.3761 45.2993 46.2255 47.1547 48.0868 
1.062 41.7812 42.6977 43.6175 44.5405 45.4667 46.3958 47.3279 48.2627 
1.063 41.934J 42.8538 43.7765 44.7025 45.6314 46.5634 47.4982 48.4357 
1.064 42.0852 43.0076 43.9332 44.8619 45.7936 46.7283 47.6657 48.6058 
1.065 42.2339 43.1591 44.0875 45.0189 45.9533 46.8905 47.8305 48.7731 

1.066 42.3804 43.3083 44.2394 45.1735 46.1104 47.0501 47.9926 48.9375 
1.067 42.5248 43.4554 44.3890 45.3256 46.2650 47.2072 48.1519 49.0992 
1.068 42.667J 43.6002 44.5363 45.4754 46.4172 47.3617 48.3087 49.2582 
1.069 42.807J 43.7429 44.6814 45.6228 46.5669 47.5137 48.4629 49.4145 
1.070 42.9453 43. 8833 44.8242 45.7679 46.7142 47.6631 /+8 .6145 49.5681 

1.071 43.0814 44.0217 44.9649 45.9107 46.8592 47.8102 48.7635 49.?192 
1.072 43.2155 ~4.1580 45.1033 46.0513 47.0018 47.9548 48.9101 49.8676 
1.073 43.3475 44.2922 45.2396 46.1897 47.1422 48.0971 49.0542 50.0136 
1.074 43.4776 44.4244 45.3738 46.3258 47.2802 48.2370 49.1960 5:'J,l570 
1.075 43.6057 44.55L5 45.5059 46.4598 47.4161 48.3746 49.3353 50.2981 

1.076 43.7319 44.6827 45.6359 46.5917 47.5497 48.5100 49.4723 50.4367 
1.077 43.8562 44.8088 45.7640 46.7214 47.6812 48.6431 49.6070 50.5729 
] .078 43.9787 44.9331 45.89~ ·- 46. 8491 47.8105 48.7740 49.7395 50.7069 
1.079 44.0993 45.0554 46.0140 [,.6.9748 47.9378 48.9028 49.8697 50.838c' 
1.080 44.2181 45.1759 46.1361 47.0985 48.06:.10 49.0294 49.9978 50.9630 



Vean Value Table to fit curve y = arX 27 

r n=57 n=58 n=59 n=60 n=6l n=62 n=63 n=64 

1. 080 44.2131 45.1759 1~6. JJol 47.0985 48.0630 49.0294 49.997o 50.9680 
1.081 44.3350 45.2945 46.2562 47.2202 48.1861 49.1540 50.1237 51.0952 
1.082 44.4502 45.4.113 46.3745 47.3399 48.3073 49.2765 50.2475 51.2203 
1.083 44.5637 45.5263 46.4910 47.4577 48.4264 49.3970 50 ,JJ93 51.3432 
1.0!54 44.6755 45.6395 46.6056 47.5737 48.5437 49.5155 50.4390 51.4o4o 
1. 08 5 44.?655 1...5.7509 46.7184 47.6878 48.6591 49.6320 50.6067 51,5329 

1. 036 44.8939 45.8607 46.8294 1.·7 .8001 48.7725 49.7467 50.?224 51.6997 
1. 087 45 .OCJO? 45.9687 46.9387 47.9106 48.8842 49. 8594 50.8362 51.8145 
1.088 45.1058 46.0751 47.0463 L,.8 .0193 M3.994l 49.9704 50.9482 51.9274 
1.039 45.2094 1;.6.1799 47.1522 43.1264 49.1021 50.079h 5l.05u2 52.0384 
1.090 45. 311~ 46.2830 47.2565 48.2317 49.2035 50.1868 51.1665 52.11;.75 

1.091 45.l..llb 1.6.3846 47.3591 48. 3353 49.3131 50.2923 51.2729 52.2548 
J .092 45. 5107 46.4346 47.4601 48.4373 49.4160 50.3962 51.3776 52.3603 
1.093 45 .6o:;1 46.5330 47.5596 4.8.5377 49.5173 50.4983 51.4806 52.4641 
1.094 45.7041 46.6800 47.6575 48.6366 49. 6170 50.5988 51.5819 52.5661 
1.095 45. 79:"56 46.7754 1;.7.7539 4d,73JS 49.7151 50.6977 51.6815 52.6664 

] .096 45. 8917 46.8695 47.8488 48. 8295 49.8116 50.7950 51.7795 52.7651 
1.097 45.9834 46.9620 47.9422 48.9238 49.9066 50.8907 51.8759 52.8622 
J .098 46.0737 47.0532 48.031.2 49. 0165 50.0001 50.9849 51.9707 52.9576 
1.099 46.1626 47.1430 l1-6 .124 7 49. )078 50.0921 51.0775 52.0640 53.0515 
1.100 46.2501 47.2 '314 1.12 . 2139 4'1.1977 50.1827 51.1687 52.1558 53 .llf39 

... 



D. H. Niewiaroski, "The level of living of nations -
meanings and measurements" 

(IBRD 15 July 1964) 

Request from Paris office 3/29/65 - something peculiar about thi ; 
was told to write Paris no copies; Mr. Niewiaroski on leave for a 
couple of years -- but Ruth Achcar under Mr. Goor has copies 
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in the 0election of Regression Fundtions in Demand 
Analysis" on behalf of the World Bank so copies are no~ 
available here , but I am forwarding your request to the 
American St~tistical Associ ation at 10 East 40th 
Street , New York, N. Y. 10016 . I hope they will be able 
to comply with your request. " 
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TilE LEVEL OF LIVING OF NATIO~S: ~lEANING 
AND ~IEASlTRE~fENT 

I . \ II· '\ 

l>CI' \Ill II . '\11 "1 \RP-..h.l. l ' nill'd ...,!.tt l ., • 

111 lo llllitllct, .11-li " ,, . 11.1 d ,,llt llli.cl" 1.11 IHie\u c11foquc 
p.11.1 n ·,oht r d [•11•1Jkn1.1 dt· l.1 tOn tp.1 Llltro n intllnalion.li t.lrl 
l1ienc-,1:rr t·<ulllltni<n 11l.1li\11 dt• 1" ' dht l l1l t• " p.u l . .1-~ (:,te cl 
<·nfoquc dl"l ''nin·l de 'ida de l.t' n ;tt inne~ ·· que pa11 c dd pos· 
tul.nlo f1111ll.1tllt tll .d d<' que b.., << , rHilLit>m IJ:,,it.ro., de 'ida dt> 
Ia i'ul.l.ltic"nt tk 1111 p.ri~ ,,. 11'1kj:111 c.·11 ciut.1' partid~t.. cl.t\e de 
Ia u ot111111i .t 11at ion.ll . 1-.lt h.1 ... t ' .1 co.,tt· 1'11111 ipi11. ,j e ,tJcLcion.ln 
<'II for111 .1 :tpropi.rd.t :dg-un.1' dr e ,,, l"lt t it!:h ' c Jllihu,cn a 
t.1<l.1 11na pontlt·lationt•.., lOII\Lilic n le . <: l'(l"hl <OJI',truir un 
mdi<c que JHH:dc ~L' I\ir p.11.1 m cdtr dtrt t Lllltentc c.·l hi~· n •,t.lr 
:ric .t111.1do I" " 1111.1 11.11 i,·,, .. c ... dct i1, Ia H rd ackra fonn .1 de 'ida 
) c ondic ioru· ... de !.1 pol.lacit'lll . \dcm:i . rumo I..J<; p:lrtida<; .e 
cxpn: .. an en cantidadc-; fi,icas ~ IHI en rnfmcrla ;esult.1 innecesa
t io d tencr <111c u-..ar. pat a hater Ia' coll\CI i()(H'c; <Ortt' 'J>Onuicn
IC'i . Ja, l:t\:t:-. de canthio t.on it. ntc" . 

En c'>lC ILtb.l jo 1>C t.k~< rihen l.t' dhtln ..1 ctap..ts que ha 
"' g11ido d antor par.1 ton~lruir un iwli<.c de ese tipo. Para 
s<:lcuionar las v:ui .rhlt.·, ha u ·ado un critcrin ohjcti\O tratardo 
de que t.:Hl:t un.1 -.ca, o un clemcnto <.n -1 repre cntativo de 
]a, wndicione'> de 'ida imperantes, o un f.tctor contribuyente 
a talc · {Ondi< ionc". La: variables estan clasificadas en dos ra
tc~oria~: ctmu'1mira'i , . sociak". En las p1 imera e incluyen: a) 
Ia. proporcion. <'II Ia 'rucr~a de traba jo. de per ona ocupadas en 
activicladc'i no a~r<>pccuarias; h) c1 numero de telCfono. per 
capita ; (< ) cJ consumo de cnergia per capita; fd) el consumo 
de arcro p<.'r c <ipita; (c) cl comumo de cementa per capita; (f) 
el nt'uncro de vehiculos a motor per dpi ta; (g) el con umo de 
fihra per dpita; (h) la proporci6n de proteina en Ia dieta 
.dimenti cia: (i) las exportacion s per cap ita. Entre las varia· 
hks 'IIH ialcs: (a) cJ lllllllClO de dl"llti ta \' medicos per capita; 
(h) Ia t irculali<'m tliaria de pcriot.lico~ per capita; (c) el nu· 
llll'ro de ap.li.JIO'\ tic r.ttlin per t .ipita: d) Ia in.cripci6n e·colar 
po'll I" 1111.11 i.1 : ' (' ) cl t-;rado de .tlf.th<'ll,ll\0 

t:. .. l.t'\ II , .ttt .lhk, .tp.•~t· ,cn tt'l.htllllJd .l' . en Ia M1mula 
qu(' l"0} 101lt' d .111h1r. tut'di.tlll<' 1111.1 C•l .h ll'll littt.ll . 1\tnl d
tc.·nntu.1r l.ts ptHld('l,Hit•nc:-. lt.t u,,1d11. u•m lt\"1111 ·' ut.ltc·m:iti(',, 
Ia tid an..1li~is f:u lnri.tl . 

La tt'· t.~~i a cxpucsu, que in lu~e lJ con truc<.i6n de un 
rmlirc total <OIIlhinJdo till indi cc economico v olro social, 
que midcn re.;pcrti,·amcntc los ni\ le'i cconomico y social, es 
aplicada aqui a datos ohtenido para 8 paises. 

Intctnational Ban!... for RriCln,lrtHtion :llltl Dc,dopmcnr , \\'a hmgton. DC and t;nitro 
Stare~ Acrnrr for lnternati cll ul Dn clnpllwnt, Quitn. 4 

\"tcws or con lu~ion~ conr.liru·d in tJd, .uttdl' ~ho uld n t I rt <" pn•tcd • ~ r<'prcsentlllg 
tht' ullitial opinion or polt" of tho: \\"orld Bank or the t.o1ctnm nt of 1: U:ttilr. 1 wuh to thanl 
l'h d• p ll .tycs, of the OrgJnl t.llion fo r Ft u tH>tlllt Coopn.llion :m d De1 el prnent, Fr:tnk Lo\\·cstc~n, 
uf the t:nitcd State! Department t>l .\ ' tt r ul!url' .. llu.l l'wks~r Irma .\ !man, of john Hopkm' 
l "ni· t• n i1)', for their constnutnc criltl j,m . l'tofcssor P. T. I I. " r·'l. of the l"ni1eni1y of 
'V ""'m tu, g.11·e unsc!fi,hJ, 0f tllllt' .1nd effort to impto\c the p.ll't'r .n Jnv rc•pect .\ny faulll 
i, ,., ll"'('.llth, IHtW{'\1'1 .. Ill' (l \\111' ... Ill\ 11\111 lll.llkqll;l(lt' 
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IYfRODt:CTION 

Amoll).{ the lll.lll} a'>pc·c l-1 of <:<.OIIUIII .ic. dt:v<:Jopmcnt ''hie h 
have t'Xplorcd du1 i1rg the paq <ll'< ade, on<.: of ( ;n'tral i111ponan( <.: i<; the 
mc·~"urcHJcnt of a courllry·~ 1dativ(' po.,ition 1m tht· )<;tic· of ('((JIHHnic 
attainment. l"he cone q>t ot what j., to J,e JllLt,ured ha.., gc11cJ allv been 
taken to he rclati\'t wdl being. ·11H' '"""t ,,·idch tr-.cd in ... tnlltH.: nt of 
lllC:I!!llrt:nH'Ilt ha~ bc('n pc1 <apita iiJ(OJJif · t."\}>lt'-.~nl in ;r (llllllll<lll <tlll('llcy. 

l 1nlnrturtatt ·ly , tilt · n;llioJt;tl incunH· -.l.tti-,rit.., on ,,Jti< h -.ruh .1 tll<'.t'>tlre 
~s ba~ed _at e ftcqtll'ntl y -,mput. while '''11\t 't"ion ol dilktcllt Jwl «tpita 
lllt:Oillt.'~ IlllO ;t <Ollllllllll <lllll'IH)' (tl'>ll.dly l lnitt·d "l:tll''- doii.Jt") at <tlllt'llt 
or offici ; tlt.·~<hau,t.;t: t41tc'i lllakc'i no ;tllowaiHc lo1 diffclt'tltt'' il' purcha~ing 
power. . \~ian ;ti!<·JII.rti\t' -.onrc tTonoJrJi..,r.., Jra,·c· IIi('(! the lltl'lhod of , ·;tluing 
the produn ol dillt.:tt 'llt couJlllil·.., ;tt l ' 11ilcd ·"l.tlc-. }))itt·.., or .11 .111 .tvcrage 
of United 'itatt.''t and other countric-,· P' iu·..,, hut thl' n.·-,tdt.., \~11 · \· dcpt'nding 
upon the prices tl' .. t'd. 

In l'C(Cilt yc;m, a IICW approach to the PI oblcm or l'~tabli-,hing inter
natiuual <·ompari!!Oll'> of wdl-bcing· ha'i been clcYeloped that avoids the 
purchasing p<HH'r problem. This i" the ''kn:l ol li\ ing" approach. Its 
fundamental postulate js that well-being. or the ba-.ic liYing conditions 
of a people, is rdlc< red by tertain key iteuh in a uation·.., l'Conomy. By 
selecting appropriate items and giving them ~uitahlc wcighb. an index can 
?e con~tructt•d that providco.; a dinxt mcasu1e of "Til -being. Since the 
Items chmt:n arc cxpreo.;sed in physical q ua111 i tit·-, 1 a thcr than JHoncy values, 
conversion at dubious eMhange rate~ i-. tllliH'ce"ar\'. and th(' troublesome 
purrhasiug power problem is aYoided. , 

ClcarJy, the main probli:Jn confronth1g thc lcYcl ol li,·ing approach 
consi)ts in the choite of appropriate Yal iahlc') and ,uitabJc weights. 
Benn,cll 1 was among the first to rc~carch the issue; although he defined 
his te.rms of rden:nu· as consumption lcYds, examinati 11 o[ the \'ariables 
he used suggc~ts that he was closer to a Jc,·el ot Ji,·ing <.oncept. llennett 
admitted to kuowing of "no basis for a')o.;i,.ning weighh'' to each of · the 
19 indicators he.· selected a11d u'ied a <rude mcaJh of agg1egating his data. 
More recent studies hy the United ~atiuns:: and Bern a ha\'~ made no 
attempt to agregatc the scparatc variables into a singl~ index. 

I. A SUGGESTED 1\fE.\SVR.E OF THE. LE\'El OF LI\'1:\G 

The purpose of this paper is to <OilstniCL an index of the le\'el of 
li\'ing· that will serve as a useful basis for int£rnational comparisons. To 
~rform thi · function sucn·ssfully, the index )hould pre')ellt ;• umtposite 
ptcture that accuratclv rcflcch national welJ-heino defined a..; the actual 
Jivi11g and conditiom 'of the population. Although ''li,·inu conditions" is 

1 
"lntcrnation;•J Disposition in Corhumption l.c·1l'!s". b,· \1 . 1\. . lkun('t. Tfl,. : lmrrican 

F.conomir. Rt!t •in.t•, Scotcmbt·r I 951 . 
~ n,.port (Jr! 11111'rPIIIIioPwl J)t'(i11ilt flr / Ulld .\lf'U OI /Tt!f11t'111 Ill Sta11danlf (lll t i I''~''' '' uf l . it•in,. 

An IPJI~rim Guide, United :\ations. :-\cw York, 1961 
3 

Atlas of f :f'P11omic IJ•'I't'/ofmlnrt, bv C:trl berg and nun. Chicago . I <lli I. 
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41 
IJJu:t<l and rather . lo<;<.,c· UII.Htpt. it.., c-,~eJ~tial IIJ(·ani~g ~ecms dt<tr .. 

111 , 1 ~ 1, 1 thc <'<OllOlll&r and 'IO<I~I char.:t<ti..'IJ'>tH~ <.'' a_natloll that tltttrm~nc 
'' " , 11, tlit\ of lik ol it-. pcqp J<.:, nulud111g a" qu;dtt:tll\< ' d{'lllt'llt tht ldatJvc,·-
:d• 11 '''" "''of good-, and <.,c ·nicc.., thn <·11jo~. 

I:' 
,,,r 

•llll lc\cl olli,in~ indc~ i ... to miJtor ;tccurat<'h the qu ality and 
. 11u1 tll lik in .t <tlltllll\. t.tdl ol it-. th.tr.tctcli ... ti<.., '>hotdd l l'j)lt,tll l 

,. 11 ~tll'l' of the ntllllt'l'()th < lc lllt'llh that ··ntt·t inro or th;tt dt·t l llllillt' 
( , •r1dir ion .... ·"inc c· 110 inclt-~ j.., .tll-irH lmi\'l·, -.,ek< 1 ion i.., c-.,~..·ntial. 

1·, 1, 111 i-. unan>id.tldt' . IHJt I IJ.t\ (' rrinl to rn:tkl' tht· 'lt'k< tion :t'> ohjutiH· 
id 1· I"· in..;i-;tino tll;tl tiH·t< · l>c clc;tr l'IIIJ>iricalt·\idtlH<' or thewt·tical 

,I' .~ .. 

1 , 1.1!i1 111 that t'it<h \ :lti;tl>k <itht·J it-.dl <on-.titut< ·-., ;111 tltt lll' lll nlll\lllg 

1 , ,;: ··' , ,,h or ;u t... ,,.., .1 dt't<'IJilill .tlll ol rho ... <· <<liHiitiorh . . \ltho11 ~h I ha\'e 
11 , , ju ... rif) (' ,tt h d11)iu· 1111 thnl' gJoliJHI .... tllc~t · j.., plcnt\ nl Joom ior 

1
, .. , id t di..,;tgreeml:llt :tnd th<:Jctr'll' lor :tlll'lllj>h on tltt · p.tlt ot other~ to 

, ~~~ ~! till 1 :t better 111dex. 

( .k 41 rly, thc numbe1 of ch:tl:tel<'li-,tic-, clw-.l' "' ' '"' IJt· ..,tdli<.itnt to 
tcllut all major aspect<, ol th e conditiom ol lik. Yet thc-,t:'<onditio~h or 
rite 1;11 ror-, th<;l dctcrminc them UHhtillttl' a l:tl>1 i< <Oillpo..,<:d ol llldll~ !~He!
'' ll\ en t hrc;Jds. To recognitc the pattern. we need elu.l on I) _a 1l'lat~\d. 
few of them. E'ipecially llH making intenutional c.ompan on, It .Is 
1111 dc~irahle to include itC'lll'- " ·ho-.c lll;tgnitude i-, rouoltly the ame m 
all c ounll ic~. lor this met c · J~ r<:<llltt.:.., the ~h:trpnc'>-. of tile t.ompari'>on. 

Jn ~electing· the spt·c.ilit \:tl i.tbk ... , I ha\l' llladc ll'tl' of l-nitcd ~ . ..ati~ns 
dorunlt.'llts ·1, the work of llagcn ·-·. :tnd that of Cimhc1g and Betn •·. lhe 
~;nionalc of each choice j., giH·n in tt'l'lll'> ol -.uppolting empirical evidence 
or thcorctical expectation. The \<tl iahlc-. :tt'C da..,..,ifi{'c.l into t,,·o categories: 
nonomic and social. 

Jjonrnn it J 'oriablrs 

(I) ·1 he fir~t of the ,·aria!Jie.., I ha\l' d ..• ..,~ified a'> c~onomic, I he_ pro
fwrlion of II/(· /o/)()1' [o1u' t'nga,r, tl in non -agnrultural 111 In Ilit:·'· con llt~ttes 
an indit.ator of the degree of indusll ialitation. If a oumry h to attalll a 
high lc\'Cl of development and thu-; a high 1 \'~I ol Ii.\·ing,. it mu ... t ha\(: 
a competent and well qualilicd labor force. whH h \ann \\'lth tht: <:xtc_nt 
of a nation's industrialization. (!) Th number of telephones pe1· capzta 
io; ;d~o a companion to indmtri.tl .t<hicH'mcnt, :-,in <.: the latter require a 
~ophi~ticatcd medium of rolllllllllliution. (:~)Th e level of energy conszm!P
tion /1('1' tojJilo rdlcch the Jcquircmcllh of a ~c~<.i<'t) f~H · the meam '~'tth 
which lo operate ito.; fanm, hom e~ ;md complex '.ndu-,tnal pl_ant. ~I) .\tee/ 
r·l,ll.\11111/Jiiun jJr'1· capita and (5) relllf'nt produrtl()n pn rapttn re.llcrt the 
production capabilitie~ of tJJc induo.;triai

4
-.c<tor. (fi) Afotor N'lnclc!i prr 

' llri i/O,I!Ifl/llt it ' lrar!IIJIJk . I ~Hil . RP/1111/ (I ll l~r lt• l'llflllllllfl[ /Jf'II1III/1JI/ IlP/II ,\11'()11/rnnt'nl of 
' " • ,, ,.J I nr/1 of I r; 1111(. 1 ~1->l : H.f'/"" 1 ... /11 lnln im Cnrd. ufJ . nl . 

On tlu· lht'OI \ of 'l(t<).t( (h .tngt " . ll\ l· lt'ft'tl F ll.tgc:ll . /Jnl'inf• <n••rJt uf llrt' Lmcrl{ing 1' I I ,,,.1,·mk f,, l nnl\:r•r ' f , ''1"1"" anti l'olrtitn/ tlw11r:r·. llrool..ina In titution, 
I\ ·nn )) ( . i'lli:! 

(I <1 / . 
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capit(t suggc~t the s11c of the indu-,trial -.ector a"i well a-; the need for a 
Jl}odern 'transportation "~Y"'Icm to -,ati'if)' lhe r<"quirelllents of a d t n:)tJptd 
society .. ·· (7) Pf'r cr1pita , jii)(T con'i11111f>Lion i.., indicative of the ne( ·d lor 
clothing ancJ house lurni..,hiug" which m;tllirc'it thcJmelvc- ~..., r)r after 
developmcllt onurs. i\-, a lltta"iUIC of lltttrition (H), tltc jJrrJ fJOi"l l 011 of 

· prott·in in thr dirt w;t-., mul. " 't·althy ..,()( ictics. with ;t lrighu loci of 
li\ ing, consuu1c a larger proportion of the rcbtin:ly e:xpemiH: proteins. 
lt ·fan he argued that tlti.., Lu lot 111igltt logit.dly he included 111 t!tc '>'H ial 
()r w~lfa1c section, a:-. btTII done IJ) the United l\atioth 7 • ~tJ itd\ pc.tlo..ing. 

, }~owcv(:r,_ tltc ".-.o('ial'' 'lt't tor clew') not include the lccdin~ r,l pc~Jpk, if 
.()ne' thitik.., ol ··..,oti:t~" ;,-, nwaning wdl:trc, H'tll'ation. tdtll:ttillll ;IJld 

· tululr~d alfairs. ' llu: l:t·..r item in the t·ronOJllic "'l'(lor i ... ~ ~ ~ t' \fJnrf\ j1r•r 

cajJita. This variable giv ·s weight. to a source l1om whidt ''mH.: cr,untrics 
:derive a suh~tantial portion of their lcvd ol liYing. lt (ould. rd <ourlic, 
· be argued. that imports per capit :t ,,·otdd he a hc.:un Jnca,urt. a <t highly 
devclopcd country <·;m alford to import goods 'dtich it dnc"l not ihcll 
·produce. But imports can be punhascd either by expott rt((:ipb or by 
forcig .' capital inl'low; if the latter looms large, as it doe, in many de
\'eloping . countries today, import<; reflect reliance upon OLW;idc sources 
rather · than a nation 's own attainment. Hence the.: choice of ex ports per 

capita. 

Social· l'arittbles 

The fir'st is (J) physicians and dntti.-,1; per capita, which IL<.:il"lUrt.:~ the 
,Jiealth aspect of weHarc. However, this variable has its limitatiOI1'i as many 

. less developed nnmtries. through university emphasi') on the medical 
}>~olcssion. foster large nH:dical faculties with a resultant prolilt..:ration of 
doctors. ti This is particularly tnH' in Latin America. A number of other 
Tclateu variables, ::,uch as hospital beds, morbi<iity index and life c.:xpe( tai1cy. 

. could also logically be included, but because of lack of data thc"ic were 
omitted. (~) Ne·wspapn circulation per capita per day and (3) radios per 

. capita'' have been used as indicators of "cultural" achievement and interest. 
Lastly; (4) post-prima·ry school enrollment was selected as the measure of · 

. the rate of human capital accumulation and (5) literary a-; the indicator 
of the basic reading and writing attainments of a deYcloping society. 

1 have used a total of l ·l variables. and haYe gathered data for 88 
countries. In an earlier stage of my rescan:h I had used 12 variables, 
·omitting fiber t:onsumption, diet and exports per capita but including 
· railroad freight ton-miles. The railroaq variable was dropped because the 
. modes (>f transportation used in a country may not he en tit ely dependent 
upon level of economic development.. Ideally, freight mon:J on all 111odes 
of transportation would be a better characteristic. but such data do not 

exist. 

Report on tlu Jrrn/rl .'iitrwlior~, l:nited :'\atiom, :"t'w Y<~rl.., ltltil 

' 1/rrJlt'rl, o/1. cit . 

t.rn~ t. OF LIVING OF ~ATION'> 

II. ~lf.THOD 

\ly ohjcctivc i~ H> d< ·vclop an index ol the le\'d uf living of nations, 
• th. tt , i-,, :1 ... ing-lc tJUIIJbu that rq>rcsctH'i rdati\'e conditiom of economic 

, • ' 11 < ial ,,TILtH·. J havC' it'>'>lliiH 'd a lin(·ar or <tdditi\(~ re-lationship among 
I I , ·;11 i;tl)l<-~ ()I t ftc- lot111 

.. ( l) 

' ( : 

l'l the index of the ll'\d or living-, 
t, l'l the Wl'ight .rpplinl to l'.l<h \ariahlt, 
.\ 1-. the va1iahlt: 

1 I t ttt. tthclllatic.tl tnltttitptL' med to dctcrmi11e tl tt ,,cighh' and thus 

1td tt<l ' tilL· II \:tti ;tblcs to :1 -,inglc (OllltnOll co111ponent i-, ;t tactor .mah'ii .: 
Jlti, te< hniquc po'>'>t'>C'i ccr tain features germane to the concept of · the 

[l'\·cl ol Jiving-. The tac.Lor ar11alysi'i: 

l . \Jaximi;cs the variance ol the index (I) 

~. \faxitnii'(:'l the Slllll or the squared corrclati<Jil'> IJ<.:twecn the index 
a 11d the charac tcri!'>tics usc.:d. 

\faximi;ation of the yariancc of the index (l) ensures that it will 
disninti.natc effecti\-ely between countries that ha':'e high, medium and 
low k\'cls o[ li,·ing. ~(aximizing· the sum of the squared correlations ensures 
that the index explains a maximum proportion of the total variance of 
all the variables. Factor analysis, therefore, ,·crifi<::) statistically the 
:tg-gregation of macroeconomic dat:l and also provides the component 
which explains the highest prnportion o[ variance amono- the variables 
used. 

Factor analy~is discloses relational patterns among a series of variables 
;utd enables one to extract the principal components reflected therein. · 
For cxa111ple, Olse11 and Garb 11 haH' used thi tee hnique to discover 
regional difference::, that may affect economic growth. Fotty-nine cbarac ... 
tcristics were ::,elected for two regions in the Cnitcd tare . one of which 
wa-; chosen for its rel:pivcly high level of dC\·~]~.)pmcnt to sen·e as a basi · 
of comparison. Applying factor analysi'i, the authors extracted six common 
!actors or components which they believe explain the differences in level 
of de' dopment between the two regions. This approach, then, deri\•es 
t~1c. , principal components after the factor analysis is made based on the 
'"e and sign of the factor loadings for each characteri'itic. 

lfnlikc this technique, my approttc~ is to postulate the prinLipitl, ' 
tou_tp(ntctll first, namely. level of living and then ddiheratcly select the 
\·;mabks I helie\'e rcllect this phenontcnon. 1 have chu en \Vaugh's utcthod . 

""-s.;-....,. 
<J 

I.' 

" l 11 . I/1 /Jil•tllio r~ r1/ / ar l tH l111rh•.1i1 to Ffllllomir Crlllt'tlr, ln lknlJrd :0.1. Olsen Gt'ratd 
r:.lrl, , l'oJpt·r pn·<~·nted :ll the 1!!:\rd Annu.1l :\ln:Ling of tlw -\mer , an !'>L.Histical _A~ .. ·IOt~.uion, 
(h ·il'Hl, "l 'Jl iCill!x-r l!)(i3. '.,_ 
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of factor analysis 10 hccaullc it is suited to my approach and hao, been 
used sLKn's!lfully hy the United Staks D<'p:trtmcnt of .\hrriculture 11 to 

.dctcrmin<' · kvd of living indifc'\ lor (Ottnlic ... in tfw .. l.nitnl ~tales. 

1\forco\'tT, hi~ <ontptttational JH itH ipk-; .Ill' simpkr to me than thi,sc 
dcvclopcd by others t:!, and hi-. tu hniquc i ... l';...,ily adaptable lor pr (1gt am
thing for th(' computer. Fin:dly , \\'augh's pre1cC'dure yield-; ~cH:ral additional 
tests, not obtained from the otlru factor analvric method., whidt .t id in 

·. cvaluatiug the results. ' 

Like any index, the: principal rotnfHHlt:nt or index {I , U()e ... JliJL exist 
nnmerkally hcfor(' the fa <:tor analysis is a pplicd. There arc: no dependent 

'. or indcp<·mlcnt variahlt·.., as with n:gres ... ion an ;tly-;i-.. line all . eric') arc 
inter-related. Fa' tor ;u};tly-;io; vtlves lor th<' weights (the "IJ\" ) and the 
indox (I) is ohtainl'd as the weighted a\'l'ragc of the ~du .. ted Yari,lblcs. 
The simple conclcttioJh a111ong all p;~irs ol \':triahlcs rcprocnt the raw 
data. J:ksidc the Lu Lor loading,, !'!CVl'ral other llH.: asurc:s arc <kri\ <.:d. A 

_. LagraugC' multiplier i-; ohtaim·d, which measures the p1 ()portion ()f va
riation in the ~elected charac tcri-,tiu. cxplaiued Ly the principal com
ponent-the level of living. The oLj<·< tin: is to ma:--.imitc tlri~o propo1 tion, 
reaching, if possiLlc, l 00 p<.:r < ent. Th<.: higher the proponion, the ea~ier 
it is to claim that the charanerio,tics chosen do measure the level o( living. 
A low proportion sugge ... h that the varia hlcs selected do not po..,~e..,..; any 

' homogeneity with regard to the principal component being measured. 
Such a result would suggest poor data , improper choice oi YJriable;;, non
measurability of the principal component, or some combination of these. 
The important point to hear . in mind is that a high proportion o( 
variation (relative to the numoer of variables involved) indicates that the 

··variables selected can be reduced to a common component. 
The simple correlation of <.:ach variable with the index (I) indicates 

the; . usefulness of the characteristic as a measure of the Je\'cl of living: a 
high correlation point<; . to a ~troug (linear) relationship with the index 
(1), wlu1c a low n>rrdation would ~ugge"t a WCjk relation';hip. 'Vith this 

. ~taristic,. it. is possihlt- to Jiauge the.: mnir of i1u l11ding a particular \ ':triable 
in th~ l~vd ot living exc.:ui.;;c.·. I h,t\<' added all(l)tltn '\tatistic' whirh mc.·asun·s 
for cad~ country and group of countries the relative importance ot each 
variable in the index. This statistic is for any gi\'cn couutry, each \'::triable 
multiplled by the corresponding weight divided by that country's index 
.(I), i.e. b 1X 1 / I~ b::.X::./ I . . .. , b14X 14 / /. And, if one is willing to accept 
averages of these percentages by index (I) decide. a useful pattern emerges, 
as will be explaned later on. • 
. I have computed a combined index which measures m·erall economic 
an~ social well-bei~1g ao; well as an economic index and social index 

10 "Factor Analysis : Some U.tsic Principles and an Application' '. b' frnlcrit 1.. 
• .fpit-ultural Ec·onomir R,-.,,arrll, lulv I!Jti!? . · 

. · • ~1 AKTicultuTe arul J:rrmomic Grvu·tll , Airicultural rronomirs Report :"o . :!~. Dt·p;lrtrnent 
of ·Airriculture, Washinaton, D.C., 196~ . 

. • .11 Mod~rn Fnrtor Analy.1i.1, hy H . H . Harman. Chi•·ago, 191i0; " .\nal~·•is of .1 Ct>mpkx of 
Stlll&llcal Vanables into l'rincipal Components'', hy If. llotdling, ] our rJa/ of l rlu r '' '''"'11/ P.fy
cholo.,y, No. 4, 1933; f:wnometriu, b~ (,<·rhanl Tiutm:r, :'\ew Yorl... 1952 . 
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11 w;t-.ttn', r~sJ~Cctively, cconoJni~· level ol li' iug and social le\·r l of living. 
Ill ('"-<' -.r_ ;llt~IJcs plm thr. rclar~v,· yrop_ortions referred to ;-~bm·e p1ovidc: 
' llllt ll .~11-.1 lor the :111alyttctl ntlll. IIH' IIHic~c" t ;dcul:lt cd tn 1 cadt cnuntn 
, 11 • llitlly quantitative lllt '.t'>ll)'( '"· :'\o .lllt 'll1Jll ha:-. been m.ulc to ;ull'a...'t 
l'" tlilktt'JH('~ in rtll;lotns: rite "-('lie" clw-.etl .ttc b,t ,ic to ,til\ t'l'OilOlll\ iu 

cot ll :o. t · ol ecunornic dt·\<"lopmt·rJt . ~or h til\ ·1 o\, ,Hhc t 1adc I•Jf 
t:' t' fiiC('S ill the illlJlOII ;IItc t· or (''>IJJ('tit \ ', tlllC :tiHI ,r·d n .Ill\ \ :lli ,t bfc· 

; ., ,,giJ this does rnanilnt iht ·ll to .,orne d cgn:c in JIIC' tt l.ttl\l' impollttnr<· 
1 -I ic. 

I ltc nuthcmatical dcLtih of the J;u tor anal)..,i~o JJWtlll)d are e:xplaini·d 
\jJjJt' lldix :\. 

II I . 1'1 n : \:\ .\ I.YSI" 

1:111 c:t-.t ' of rclctt·llc<.· ;til tahk-. .lie <~:o.:,L ' Illblccl i11 . \ jJJ>tltdi, B. f.thk 
J; .i ,(' (-, tlll( the thl't:C' indi(L''>. COIIlbincd, CtOIIO!IIi( ;111d O(i,tl, with th • 
( otllllt i('~ arranged in :tccordancc to their co111hincd index. Ea ·h index 
kt'> been -.cdcd to l lnitcd States == 100 to facilitate colll!Jari-.(2n. 

l_ ·I.H· ra~1ge of the combin~·d index (circa l9.JV) i~ ~tri king but not 
)mpnslllg: lrom 100 lor the l 1 nllt:d St:ttes to about ~ix 101 Ethiopia, which 
means tltat the level of living in Ethiopia is about six per cent of that in 
the l 1 1~itcd St~tes. Nearly half th~ ~·ountri~s (-:12) arc at or below 20 pc1 

cent ol the Umte~ St<~tt:., leYel ol l•'·.mg, or m tenus of the I ~59 population 
ol the . H8 countncs mvohcd (Mamland China excluded) about 47 per 
r:n~ ol t.hc world's pop~l ~ttion ~s existing at or below ~0 per cent of the 
l nitcd States level oi hvmg. 1 he 88 countries used accounted. in 1959, 
for 92 per cent of the world 's population. As the countries not ~sed were 
\'\eluded for lack ol data, it s<·cm -. safe to assume that the \ too would be 
111 tit· ~0 per cent or bdow da ... s. which would mean tha·t over hall the 
H"orld\ population is living ;11 I / !) or lt·s · of the l ·vc:J ol th l'nited 
o.;t ;t ll' ,>;, . 

For the rombincd i11dl', J.tllgl' u·1o tn ~o. nl the I:! unr11tti,•.., ~n have 
.1 11 economic index C:\.LTnling· th('ir ~o<.i;tl iiHkx. in ,Plll t ,,,,c, b, a rather 
:·,·ide rn.trgitt. The diffcretH~t: cquab or e:--. cecd the ' .tl uc of the liOcial 
II H.~ '." itself for Iraq, Rhodesia . .1'\) a:-.;tl :md, ;\lorocco,-...Lib) ". H.tiLi, Nigeria, 
Bnush East i\frica, Sudan, Angola, \lo1amhiquc. Cameroon, Sierra Leone 
and Ethiopia. For the combined index range ot 20 to tii, the economic 
rndcx is below the social index in 29 out of ~5 ((>Untr ic:~o .. \hO\e a combined 
rndcx. o( G7, the picture is mixed. 

The implication is that at ex<eedin•lv low 1 .,.d., o[ li\ ino :!0 61 . I l"5 , ,.., 
IH ()\\') t'< onomic gro\\ th is ea"iicr to ac coutpli:,h than i •><.i.d dcv ·lopmcnt. 
Or1 l it<· other hand, aLove a (Otnhined index of :!0 economi improYeruent 
i" di ll inr.lt to achiC\T while liocial growth nllnc c :t~i cr. Thi-. sugg , t that 
ll · : ~: 1 p 111 development bet\\'Ll' tl the developed .md Je,,d_Ie, eloped coun-
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.· tries is not automatitally tran~(tTtTd iuto ~ocial tenth above what I might 
call the "watt·rshnl" of a romhint·cl index of ~0. whnc the p.tttern hetw<·cn 
t.·ronmnit aml ~oc ial dc\dopmC'nt c lwngt·'i. 

Tht·..,<· finding ... ate · tc ·nLtti\c ' (:tlthough the l'nitnl ~.ttiom in its 
~tudy 1:1 lea< hnl the -.:tlltL' cow ltt-.ion) ht ·< athL' ... uch import.tllt ··..,oc ial" 
"lttrics a s lift: cxpcctanc y and IIHJl bidity ha\'c htTll omittl'd pr itnarih lor 
lat·k of data. I low<'\Tr, J -.u..,p<·c t that with the adn·nt ol 111ira< 1<.: drugs 
·uHI with thl' improH'lllt'nb in -. :tnitation duri11g the po ... twar ua, th(' 
inneasc in life t:~pt· c l:tll< y thH111gho11t tlt c ,,·orld has becu achieved :tt 
relatively low t·ost and with a Jnininlltllt of dlort. The addition (Jl a life 
<·xpe<tancy v:tri:Jhie to tit<· 'tcHi ;tl index ntight }JO..,..,ihly in<r <:a..,e it Jllore 
for tht· lt·..,-, .dcvdopcd Ut :ttl lo1 tiH· tlt:vdopnl totlllll ie" :tnd thm cli..,lupt 
dtl' pattcau ... cl< ·..,u ibt:d :thm<· . On till' other hand. :t morbidit~ index might 
olhct this impact a~ JIIO't ol the dc\'clopi11g nHllltl ic.:s toda~ ... ttlkr I! om 

.lkhiJitatin~ clist:l'tc.., whi<h h:t\'t: not IH·t·n undn llla ... si\·e all:Hk. IJv rhe 
lliCdictl authorities. \V<·n· it po..,,iiJit · to ilh hale hoth ol thc..,c \ari :tblt: ... , 
the ~anw paltcru noted ahm· · 111ight c.:llll'l ge. 

The reason lor thi~ "L'<Jllt:JH<; i<; that :tt 1elativdy low lcn:l<; of living 
(20 or hdow) :my eronomiC' improv<;mcnt looks big becau e the base is 
low, while so< ial improveJrH'IIt mu ... t w:tit for the economic base to reach a 
level at wldch the former can be supported by the Ia ucr. :\bove the 
"watchht'd", t'< onomic ch:t~~gc at the expense of social development 
hecomes dil I iud t for two 1 e; ... ,cm!!: first, an awareness of social needs and 
desires by the populace lor((:-, rnognition of these needs and diverts 
resources into the social ..,phcre; ... econd, with a higher economic base, any 
impron:ment no longer lo01m e:tci large. 

Th~ combined indl'x 1"f'jlllts: b)' m·ea 

Table B6 in Appendix B contain<; a ~ummary of the combined index 
by area. lt shows that the 11on-communist world (excluding the United 
States) i living at about ~5 per cent of the lJni d States le\•el, while the 
lc ,·dcvdopt.'<l area., (exdudinJ_{ the communist bloc) are at 15 per cent, 
the (kvclopc..·d an··'" (t ' ~< ludi11g tit<: l 1nitcd States) at 5H per <·ent and the 
rommuqi~t J,lo(' at ·ltl per t cut. .\ hn:al..down hy area shows \\'estern Europe 
at 61 per rent, S utht rn Europ<' at ~ l pn <'CtH, Latin .-\merica at 26 per 
cent, the Middle Eao,;t (excluding brad) at 16 per cent, .\sia (excluding 
Japan) and ,\t'rica each at 12 p r cent and Oceania at 72 per cent. 

Some interl.'"iting patterns emerge here. First. it seems surpri..,ing that 
Southern Europe and Latin .\mcrica arc at about the same index level. 
Howe\'er, a clo~e lonk at the indi\ idual lOUntry indices and the ranges by 
areas revt' ah th.H L.ttin .\mcrica is a mixed or heterogenous area while 
Southnn Eqn>pc :1ppe.1rs to he homogenous. In other words. Latin Amer· 
ira definitely is an unevenly de\'elopcd rather than a completely underde
veloped region while Southern Europe appears to he a mnrl' uniformity 
underdeveloped arc::t. (St·<· table 1 helow. combined index section). 
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l' t l Capita lndc ' : lrllt 1 n .tt Jt> n ,tl B.111l.. ltu R l'll l lh t rut 111111 J nJ lh \ dUpiii Utl c.:~ tiUIJtc, 
\ppl'Hdix H . T.1hlr B I . 

\\'c..,,tl'rn Europt: i-, UII C\ T III)' developed hut at a relatively high le\el, 
,,·hill' .\..,ia (excluding J;tpan) and the :\Iiddle Lt. t (c~cluding hrael) 
fall into the tatcgol y ol undnde\-elopcd, with the :\Iiddle East at a 
~lightly higher k\Tl. The communist bloc ')t'Clll<; to b e in a mid -range 
between the less developed and fully deY eloped countri b . . \£rica presents 
;t unique ... ituation i.n that }t · range is ~vidcr than that of .hia (excluding 
.Japan ) and rhe :\IHldle Ea~t (cxcludmg Israel ). Thio;; re ult from the 
i~1cl.usio~1 of South Africa in th.c . \frican figures, which 1 a ise the upper 
luna o{ the range more than It docs the a\' erage. According ly, there i-. 
an entry in Table I for Africa excluding South Africa . The range and 
the ;1\ erage then approach those for Asia (excluding Japan ), and point 
to these areas as the most impovcri..,h d in the world, ,,ith rhc l\liddlc 
East (c:xduding hracl) and Southern Europe next in line. 
. E-;~< · ntially the san~c relationships em be ob~ien· ,:d u..,ing per capita 
~~~r~Hlll' data as ~hown fll tf.H' lown half of Table I. Ther · io,; one major 
dtfkl'l'lltt': the IIICOJII(.' t':O.tllll.lll'S :o.llggc.. · ~l .1 llllh !J lmH'l Jnd Of Ji\in~ 

rl'l.tti\l · lo the l nited St:ttcs. The IH' 'd ~c..·ction dj,, ~~~c ... dth in ~ll'.ttcr 
tktail. 

1'hf' rumbined indt'X results: 
rumparisun with per capita in com r• 

Per capita income e ·tim;ttc.., han· been wid e!) u-.cd a indicator~ of 
the level of living during the postwar era; according ly a compari on of the 
combin('d index· with these c ... timate!! needs 10 be m ;tdc . fable B l in 
:\ppcndix H contains four per ctpita in~me estimate') on\ rted to an 
lllllt-'\ ha"i"' with the l ' nited State~ == 100. '1 he dill <: lt:JH C-. hetwet? n the 
< n t nh~n('(l level of li,·ing index and the income indi<c, .ti L' ..,triking. Thl 
< 1 1f11 hlncd index ~hows ever\' country substantialh clo ... e r to the l nited 
..., . 11 · ~than is indic..atc:d hy tl;c incom ~· indices. F<)r l ' \.,llllplc. the..· combined 
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index shows Japan and the \ JSSR at about t.he same kvd o( livi~g (45 
and 46 respectively), while the income c~umates place .Japan 111 the 
neighborhood of I~ to I H pt:l t ('11 t of the l'n i t('(l Sta tn ;nHl.J~ tl',..,ia 2 ~~ .to. '25. 
The income indi<c-.1\how ·10 <OIIIIIIit·'> at 01 below 10 per (Till ol the lntted 
StaH''i incollll'. while the <llltdJillcd index inditatc.., onl~ 1'2. ·1 hcse 

· ... ohscrvatiou'i t('iulollt' tltt· h~ · lid tlt ;tt <lllll'lll per ctpita incoll\c c'>tin1.ttes 
<011\'t'ltl'd to dolbt-. at )lll'\ ;tiliug t·x<h;lllg<· J;ttl ''i gt·Jl('J,dh IIIHln-.t;ttc tht• 
itH'OilH'S of poor rount1in. lk-.pill· tlti-. dillt 'II 'IHl' in lt:~d ;.• high <nrr~ · l:ttiou 
t'xists betwec11 the <otnhitJnl iudt·\. :ttJd tiH· per <:tplla IIICOIIH' c-.tnnates, 

:' implying a ~trong flliHtioJt;tl rt:btion-.hip. 11 Quite logi<:tlly, one \~·ould 
· l'XJK'rt :ts ituontt' 1 i"l'" tit<' lt' \t·l of living inqllm'cs !liOH' or k..,., accordtn~ly. 

( J-.c of ;uljll'>tl'd c""dt:tllgt· t ;tlt ''> i-. llll'> ;t!isfact(ll ~ :t'i lllll' 1 a~u.lot. hc 
<<TLtin that th v adjmtliH'llt Ita-; brought o11t any clo-.er to the C<.pllll~)l'llllll 
r;tt<.:. Valuation ol a tnlllllly\ ;tggivg.ttl' ol linal good-. and '<.:r\·ttl·'> l'i 

another ml'lhod of c~timating ill<Otlll'" in a collltllon t 111 IL'Ilt \ hut one 
·, "~hkh requires pri<l'". Th(' qttt''>tiou i~ "· ho-,~..: prices: tho:-,<: o~ <O~lllll)' A, 

o[ country B, or an average of botlt . AlthcJugh thi-. altcrna.ll\T t~ ~nghly 
regarded. it has been applied to only a handful of countrH:') "ow•n~ to 
the practiud complexity or the procedure" 1

'', p. ~H H. The hc~t known 
studies of this kind arc those ol Gilbert and 1\..ra\·is. Hi ] he n.:~ults 
emphasize that conventio11al t>X<h;ang-e Jatt~ -. to obtain iiHC~IIIC. estimates 
in a common nu-rcnq generally undcrco,tinute the per c:q>Ita mconH: o( 
other cotmnics vi•;-.t-vis the United States. Table '2 below summarite'i the-;e 
finding-; along- with tllO'>e ohtaill(:d from the level of living analysis. 

'L\IU .E ~. CO:\IP . \RI~ON 1\FT\\'EF.\ l.F\'FL, 01- 1.1\"1~<; .\:\1> 1:\CO\IE 
EST!:\ I\ I'FS n \SED 0' l't ' RCH \SI:\G POWER 

(u.s. = toO) 

Org;anisation for Europran rx 
F. ronom1r ('on)'l"ration 

( 'ornhinrd lrnl 

lndt 1 uf p ic I Tndr' ~I' r 

of livmg Indu of pr indrx c,,,. ,.. I \.]';I' Ill UXP via 

purrh~inlt flll\\Tr c'rhan~t · t'"'<Chan~tt' 

aUJUSlll\1' 111.• 0 rat!"' 

' 1%5 Pl[,;, 1 !) ~\1 1\l.'i!l 
-..... .. ... ··- . i"' -- - - -

l lnih'd ~tat"" IOU 100 lOll 100 

l',t\i~ 1\u\jldouo 57 ll :Hil 1:.! i:? 11 s :11 li 

Ott·rnark: .~1 II :ll'l l :li n~ 11 6:!1 42 

P~c~ . ·HI II Oil 17 !I~ 11 z:q li 

Nc~rw•-" 5ti II :1-11 II (\'! (1 Ill ·II 

UrrmlUl~ .. 61 II WI :I!) tiM l' ; u ·Ill 

\irotl[ium ... .~:1 [1.20) ·II liM I ~~~ ·II 

hah .. :!!1 11 s:;~ I\ I . tO II 91!1 :.!I 
X"tht>rlaods . -li [1.52) I 31 ti:! II "'1 :n 

, ~ . RllstUOflltt'omettir .1\na~tr vf l'ttrflllt:lllt .uull ' tlltt·tl '!Jtc·s pritr' 
S.)ttHc: <:or,/Jlll<llll 'f' .\11/wrwl l'r od11tl' 1111tl /'rite I rHI, b~ :\tilton t:ilht·n and . \~~otiJ1<'S, Pari~. 
1!1514,; t\ppt·n<lix H. T.,hk n I . 

Jl ~kc Avp<·ndiX II. T:1bl< · l\i . 
t(l rn1rbook ••I .\'atwntlf A((rmrrt., \ltlt o, tin, l "nued ~;tti"n' . :--.c" Yotl.., I~H i'.!. p. :lll'l . 
Ul . t:olll/1<1111/h •r ,\a/1(111111 l' rotl o! lll lltl({ ,.,.,,,. ll"l "''· b\ \tilton (:i\IJ(•rt ol tld .h~o< iall'\, l' .tri!, 

·l!l !'18; Art "111/~riiii(WIItlf (.'om!JIIIIItlll o) .\'t~frorllll l'rorl11 rt. ar1tl till' l'lll l'ii!LI IIIl! I'•JU't'r ol L111rf'11ri'-J, 
h\' \tilton (:ilf>nt .1111 1 ll\tllg II . K!.l\1', (lrK.IIIit.lttoll lor 1-.uropt•:lll honolllt< (nopnation I OFFC), 
l'~ri~. 111:•1 . 
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.\') can be seen, the 1958 Gilbert !)tudy deJIIOII-.ll ate., the dow11war<.l 
f

1
i.t.., in the estim:ate-; ba!)ed on conventional exchange 1 ate ... c<liii}';Ued to 

' rl ~< !>lll(lt;t'>illg pown t('(lllliquc. 'J he p11nltasing power ligu tc' ddinircl~ 
, ]

1
11 \ '. rite other eight counll ie.., nntch c lo-.cr to Lite l In ired State-, than 

·" 1 lit ·d l>y tlte cOll\'tlltiullalc>..change r;tles data. ' I he .tnt<· patt er n evohc 
, c 11 tiH level of li\·ing ;md the l ' nited i\atiom J>ll' c:tpit.t lig ure-. ha.,cd 

c lt:ttlgt· r.ttc.:-;. The llttlllhl'r-. in hr.Hkct!-1 :-lin\\· tiH· t.ttio ol ptarcha ill(!, 
, 111 t'\.th;tngt· r.tln. :t11d Inc! ol Ji,ing to l' ,dl.tllgc· J.ttc-.. l'ht· t''" 

11 1 r.tlim J>IT~l'llt ~imil.tr pattern ;.~ltlrough the 1·\i.' l ol living ~ugvc ts 

., n..,i-.lt ·ntly higher <onection Ltctor. I conclude th <tl the le,-cl of li\'ing 
• ,,, (It provides a 111orc rc;tli-.Li c c ... tirnatc ol the co1npa1,ttive lc:vel of 

·,-, c 1 
11 i11g tlt;tt can he obtained front <onventional cxch.tli~L' t~tte inc.ontc 

II~ . I J ( '· 

( r )J rel:ttions ol each of the indict:~ (CI, EJ. SJ) ,,·itlr -,cl<.:n tl exogenou~ 
1.1 1 It !\' ate :-.ummari;eJ in t:tblc H7 in . \ppendix B. The c01relations with 
birth 1 ,ttcs, death rates and inl<int mortality arc of the <orrcct sign, ncgati\"e, 
:.a;; 1 !Jc less de\ eloped countric~ h;we high birth, death and infa'nt mortalit\' 
LtU: ... '~!tile the opposite is true of the developed natiom. li The .lO\\'es.t 
con ch tion is with the death rate variable. On the other hand, life 
expc<.l :lllcy correlation., arc positive. rcllccting the high levels of life 
ex pee tan<. y among the richer and the opposite among the poorer countrieo:;. 
The-,e results suggest the possibility of aduing infant mortality, birth rates 
and life cxpcrtancy ~nics to further level of living imT'itigation!,. 

Tlt c combined index results: 
cmztriiJutiun of variables 

Table HS in Appendix R ummari7es by combined index decile the 
proportion of the combined index accounted for by eac.h ol the 14 variables. 
The purpo!<,e here is to analyze the relative imp01 tanc.e of each va.riable. 
T .he lir-;.t observation worth noti1w is the almost totally (.On'iistent ratio 
~1 cont.nhuti?u by ~he cconom~<' and ,social · cctors, 11ameJy, 2j 3 and l f '!J 
tespectlvcly. fhcrc IS an l'xceptwn: that of the 0 to 10 group, w·hich i~ 83 
per < Cllt and 17 per n .·t_tt respectively. If diet ·w ·re to he..· included in · the 
soci;tl sector, the ratio of cconomi<..: and social would lh.tnoe to GO and · 
·!O for the combined illdt·x range 50 to JOO and ·10 ami do for 7tH.' combined 
mdex .ra~1ge 0 to 50. However, as noted earlier, J believe diet's logical 
place IS m the economic sphere. 

.-\close examination by decile and variable reycah the familiar demand 
P<~ttern. of. houscho~d. ~uney analyses. '!>iet c >mtitut · the highest 
ptoportwn 111 level of hvmg at the low combined im.lcxc-, ;tnJ the maJJe t 

at tht.: top. The same is generally true for fibers but to a lesser degree> 

I it moJirafl/lit· l'rar/Jouk, O/J . rit. 
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Part of the t'xplanation lit·s in till' fart that all the ~ountl ic~ in 
· I() group au: loc.llt'd in till' t'\IH'Jilt' ~outh~ · an IH 'l.lll,pht'll' with . 
· tiber atquitt 'lllt'llh . l•or rlw alt 'lll .., in rl1v 111dii.,IJLd . "·'""l'"' .t.ttaou .11ul 
fOilllllUilil.ation~ ..,q.;utt'lll tl~t · oppo..,ilc j.., lltll': 'tllt.tllt ·t p•ol'otlaonl\ a.L the 
tower levels ol Ji,ing , l.ngl'l JH"}Hlltioth at tltt' lti~llt't. Ct·IIH'Ill '". ;111 

t:Xt'<'ption; it Jll.l )' he th.tt in thl' ad\':IIHtd tcHIIllliL' (1111111 ,1 toiiii.)IIIC'd 
index of ahout 70 upw;ud ). otlH 'I product... ltan.· J>'"' l' ll t.tp;tblc · ... uh.,tattatcli 

'{o•· ~Tnu.·n t (brick, \':tl iou.., ntctak wood). . . 
At first glann·. till' 110 11 -agr it ulluaal cmployllll'ltl \ari;tl~l(' l'\luhah ." n 

odd st•tpacnu•. Thea<· j.., :d.allo-,t a ~tuoot h_ pro!!,n · ..,si~n fa 0111 a lug!~ P~"~~P~rl -1~m 
&lt low kvd"i ol li\' ill~ to low p1 opcllllt)Jh :tl ln~lt 1<-n·l.,. IJn., 111.1~ ..,c t ~1 
strange, a' cotllttl il'-. willt higlr k\t'l., ul li\ i•_·~· ,Ill ' a11ntT .ul_\.ll.'_<t·d 111 

education and let hnology. I lit' Jl',t..,on l••r t lu-. :tn•Hn:dy It''"' "tlh . the 
rehttion ol the data of diflncllt < llttntril ·-. to tltt' l · t~itl ·d Statt·., data. I hr 
table hclow ~hows ca<'h ttf tu rtl oh-.('t \ ;tt ion (hy y;ut;thlc) a-. a pnn:nt of 

. the United States data. The change in 111111 -agt icultlll ;d ('111plo~ l_'H;llt a(_ ro<,~ 
::.. countries is smaller than lor tckphou<.·.., and ~cunc othLT ,·anable:-,. I he 

second column for each < ounu y .,how., thc~c peHentagc~ <.on\Trl~.cl to 
·F. h' · + 1 () For Uaugu ·1, the notJ-.tllrint!tural cmplm·ment l1gure .t 10p1a . · , L • • • • • • ,..., • • 1 • .. ·. f 
·. the second lowe t while for lLilll 1t h lPurtlt lCHn·.,t. thu_.., t1e t.t.tc ~ 
~shange for non-agricultural employmcnt <J\Cr thi~ range o£ c<~untne'i IS 

E tl c )owe~t lor the 1·1 <..har;tctt'l i ... ti<...,. Con ... ctptently, wlule at low 
one o 1 . · 1 · 
levels o[ living non-agricultural_ <:lllJJl_oymcnt ts rcLtun· ) _ 11·1.1po~ ~an _t.. a'. a 

l . 1 Jl the level ol lt\'llW. ladder otltu \ .nt.thlcs g.un m country c 1m Js u n 

·importance. 

3'. l1 Rt T C~l'.\Y. H \I r1 \~d) E rlllOI'l \ : .\C_:
1
1(l . ~1 1. _ 1 11l1 .(\)ll~l\\ . \~ 

CW UNITED ~ 1'.\ IT-.; .\:'\D R \ 110 > r-

I r11~ 11 .1\' ~ ~ Ill Ethiopia 

\IUI~&hll• 
l'c•r l· t 'l •l'l.l l'. r I t 111111la l't•r 

('t•nt 
I 

I II ('c•11 t I II l't•llt 

-----··-· -. 
i I fi ti : ~ I'• 1 -; 11 .. 

Non-acricultural fruployme1,1t . .. 
1:.! fi 

I l:!tl () t. i :l (t () I 

TelephODet .... . · 
10 2 10~ () I I 5 5 It n I 

t ... IO' •. •,· . . · ·'· 
II 2 ::!!'() 0 ,, z I 5 (t C) t 

Stftl. ... .. . 
13 2 I (I a ti \ ~c.. ..... 4i 6 I 3 ij 1 

14 4!l 3 I I ~ ~ :3LI u 3 
Vebicl~- . ... 

"(j ~ ; 2 2 4.s I 
Fiblra ... .. .. ... 3 · ' 

I 

O.U 1 g 1\4) 11 1 4 41 0 
Diet . .... ... 

14 8 " 5 .) 3 2 9 I 
.· tq,Or\a ......... 

4:! 9 I 
!Il l (I ltiS .J ~ !I 4 .. 0 r, 

Pbyaiciana and dentists 
I 

: Ne...,..,efll . : .. ... tiS 5 32i .5 -~ II 15 0 0 2 

Sehoola .... . 
5(1 0 !CIO.O 5 · ~ IJ 2 

0 5 \ . . . 2 lj I II"' :u 
Literacy ... t\5 5 27 .6 

Radioe 6 3 21 0 n ,i I ~ (I o :I I 
··· · · 

Source: 8011((1 on dat• lOntaincu in l.1hlc 81, :\l'pendix B . 
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'-to tllllLh for the ~tati'itic:t! ('.xplana t ion. On the economic side, the 
, ,,j 1 nl lltltl -agrintltur;tl t'IIIJ>I<I\111< ' 111 in C<OllOIIlit dt'H' IOJIIIIL' lll j.., a\-.in to 

, 1
1 11 ol ;tgtitttlltllt' . It h.h htl ll ,,,ld with 1cg:ud to tltr l 1 .S. CCOilollly 

, j , 11 ,t~litttlllll'l' 4 S (OllltiiJII(iolh !1 .1 I ilt ' l ' ll Jlllhl dJ.tl ll.llit Ill thl' }>..t'll, "i n 
' li t Jllt ·· t.tke olf ~tagcs ()I out dl''' l"ptllt'llt" .md th .H ,:t•t i ul tu1c Ill)". ··wi ll 

1 1\ ide a pcr~i!\ttlll aud lirnt unch-1 pinning- to out ct ••n nniL ~· 1wth nd 
' IH ing rathn rlt:tn a Jll.tjut cl~ll i iiHic impctm". 1" Othu IL'l .. trch on 

l nrtcd St;llc~ t·~puit ' !Hl' indilatt·, th :tt. o[ tilt' fa<tor, (OJtttihuting 

1 
nili\-c growth in th(' pe1iod I ~ IL!I - 1957, almo~t a thitcl was accounted 
IJ' in<rcased ('111pi<Jymtnt. \\'!tile for tht period 1!10~1 - 1929 the 

11 dJtttion '"a" clmt'r to 111 p• 1 ( (' Ill. t!• .\t lmn.· t t.tgc.., of drvelopmcnt, 
·'· L .l't ·., in non -; tgrictdtlll:t! <llt]Jio)llH'nt con-.titute an important, e\'en 
,, t. tnti<. intp:tn upnn t:<.nnontH gnn\tlt. llowt'\Tl. oJHe .L liOtiety has 
,11 l1i• \Ld a high kH·I ol tcdliHJ! r~~~ the si;e of the indmuial laLor force 
1 Jl < llliH· -. a I inn undet pinning 1 ;tdt t.: r than a dynamic. imp tu<, tor ~rowth. 
ll1 i, ">l'l\'C"i to expLtin the Jcbti,dy greater importan( e aWHhed to the 

JIIJII·il.{!;l i< tdlural cmplo) mcnt th ;u <H teri~tic at the i<m·er l<:vcls of living. 

In th~ social sector the ">< h(J(JI enrollment and liter..tcy series appear 
to tc ... emble non-agricultural c·ntploymcnt. These two variables show, 
~L·m· t : tlly, a declining importanc e with a rising level of living. The 
p1 uponiom for phy-,ician-, and duni ts are inconclusi,·e t.or it would appear 
that the wealthier a society the: more it can afford doctors and dentists. 
Pal t ()[ the explanation i-, that the basic data are que tionable as many 
< ounu ics report medical technicians, midwives and the like as physicians 
and dentists. Also, there is a tendency for some ol the le~~ dc\'eloped 
nations to produce exces'iive numbers of doctors and dentists for a 
multitude of reasons. :!O Finally, the ratio proportiom do conform to the 
dc:mand pattern, that i~. incrca,ing rontribution as the len:l o( living raises. 
I hi . variable along with motor \"Ch icles reflects the deg-ree of "affluency" 

111 a .,o< iety: the dcgrl'e to which re..,ources can be diverted from necessities 
to ltl\ttries suc...h a~ trampmtation, c:ntcrt:1inm 'Ill, n ·uc.ttion and lei ·ut·e. 

I ht '"> L' pattnw .lllwng rounu i · · p.tralll'l the ex pet itlllC with on umrr 
'un ·y d:tt:t on evaluation of t:xp<'mlitures. ln my own tnl'au:h on the 
Philippines, for scv<:tHt:cn expenditure catcoories urbJn an:a) the 
ttanc.,portation category was rccmd highe ·t with an cia ti<.ity o£ 1.5 while 
rccrc ttiou expenditure ranked fCJurth with I. 3 (the other two items were 
!.!,ilt'i and contribution!). l.ti and education, 1.4). Food and other necessities 
1 anged from 0 . 5 to 0. 8 elasticity. 

There is a tendency for the proportions to become equal at the higher 
lc ·n ·J... of living. In other word.,, at the lowes~ level the tangc of proportions 

·' l11dt ·x of Svcio -Eror:o m1 c .Sw: . •, Bureau of the Census, \V.l,fun"ton. D C • 196~. p . 26 . 

., "Unitru St:ttes [conomic CrO\\lh · . h\ rd\\.Hd r . Dcna~on. J h ~ ]m IIIII 1>/ Rlllln~u 0/ 
,;,. 1·,, ,·,·qfv n! Chirns,rn, April 1962. :.•. 11; . 

" 1 l· dutlllion. J\ftw/mll ·rr a nJ J", '· .. I( (. '1 •:• tiJ: .,tr ,l !cgrn u 1ft, ··•u.n }(,' •u• ~ Dn.:~lop-
l, ~· Ftcdcri(k Harbison ar d t h .nl ~ \()~· ••. :\cw Ymt.., l !liH 
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is ' 0 .2 to ·12 . 6 while in the hi~hcst d c( il c the range i~ 4.1 to 12.2. This 
sugg-ests . a balancing· ol the degree of importance at the liJJper le\·els. 
Again it is tt·mpting- to a"ik. what would happen to thc,e JHoportiun~t if 

'.''' .. .it w<.:rc possihl.t· to augment the ~mi ~tl -:,ettor with 'l'l ic~ ~uch as life 
·.- expectancy, morbidity and n·c1cation. and the t·c•,nomic '<·(tor with 

·llOU'Iing. I \ll~JHTI th.tt tht' n\< 'l,dl '('(tot all01 :ttion. ~ ,; l'CCHIII!llic. I / 3 
sodal, woultlacwain uHch.lllgnl h11l th.n tltctl' wo1tld h1 · .1 Jl ·di,ttihution 
within these two ~~tLOrs. ~loacovct, 1h1· J:u tot :111:tl~,j, 111i~ht dl'm,,u ... uatc 
that it wa)) unm·<t.·~~ary to add, s:ty hoiP .. ing, in:hHIIH II a" tibn. dit't ami 

, possib1y tekphotH'"i rro.;t'lllhk t IH' ~allH' Jn d ol li.' iug a')'o()Ciatcd . ,,·ith givc.n 
~·:"". levels of homing. In vicwhlthc ~ttong iuttllf'lallot" :tlllllllg ,ouo·cc lmomac 

} . . ;., ~ariahlcs, only a relatin: ly few c har:H tet i ... tic.., arc l'l'ljltin:d to mca..,ur t: a 
-·.~:· .. · a~aajor componc..·nt o.;udt as kvd of li\'ing . 

. , «f.{ 

IV. EVALUATIO~ OF THF F.\CTOR .\::'\.-\1 \' .'liS 

',t· · As mentioned earlier, in addition to pro\·iding the ,,-eight,, the factor 
~ ..,.: . .' analysis supplies ~eH~l'a) othel' <.;tatistic.., which can be U'led tO C\·aluate the 
•)'·· rc~ults of this research. Appl'ndix C contains these mcasureli. Table Cl 

. li-st~ the factor analysis wci~hh along- with the reliability measures. The 
:.data ar~ put in standanli;cd form. Thcr<.: :.ue 14 yariabk ... : the total 
variance of the variable~ i~ therefore l ·l.O, of which approximately 76 per 

' cent is explained by the principal component dcri\·cc..l from the fa< tor 
analysis. In ~he two other indices., economic ~u.~d ... orial, ~he yerccntages arc 
·77 and 81 respectively. This denwn~tratc~ that the prmnpal component 
'accounts for ~tbout three-quarters of the Yariation of the , ·ariables u~ed 

, .-.and that these fourteen charaneristics can be used as indicators ol the 
'Je.vel of living. Idcally we would like 100 per cent of the \'aria~ion 
explained, but considering the fallibility of ot)le of the data and possrbly 
s0MC

1 

mis.,ing series which should be part of the taCH ise, the propo~·t~on 
obtained is 1·cassuring-. Other variable~ amenable to the lc\'cl of hvmg 
concept that could be indudcd in furthl'r rc carch, a ~uming reliable data 
were available, are: 

J. Housing m<.'asure 

2. -Demog-r;1phic tnt'asurc (life expectancy, birth rate, 
morwlity) 

~. Morbid it\ mca~ure 

4. Sa\'ing · mca'iure 

5. Freight traffic measure 

6. Social welfare measure 

This li&t is by no means exhau~tin·. Howe\'er, with addition,d research on 
these and other likely variables, it lll.ty be pm-..iblc to 1 educe the sample 
to a relatively small number of rdiahlc ami penin ·nt indicators. 
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riH' coefficient of correlation between ca< h ,·ariable anc..l the indexes 
, l,uwn in' table C2. For the combined index only one variable has less 

•• 1 an 0. 80 t:orrelation (export) 0. 78) while the highc\t cor rdation is 
I tl>el' (0 . 95). Ten of the , ·ariabk' have art "t" of 0 . HG or higher. 

tl''> llll"i for the cnmomi index anc..l the ... oc ial index arc equally good. 
.: It Cl)} rei at ion with t Itt' inde'\ dcnJoJhtt ate a meaningful linear 
•lt,hip with thl' k\'d ol Ji,ing-. P11t .lttothn w.l\, a high corrclati n 
h that the level of li\ ing i-. a pt iucip.d <omponcnt of the variable 

; • l d. J lcrKc the variable c .111 ht: med to mc;p;urc the lc\'cl of living. 

\' . ( 0:'\C I .l'-,10:'\~ 

I h l . t e~ t ol a rcsca rc h pro j CL t i 5 its power to deepen ll ndcr<:..tanding 
, [ Lltt problem to which it i ... applied. There arc two aspcch of this i~::,ue. 

!'it ... r. ,,·hat have we learned: Second, how can ·we use our new knowledge? 
\\'irl~ lc<:..ped to the first, (1) we have learned that not only i~ it possible 
w ltH:a<:..ure, the lc\'el of living of nations, but we have the means for 
a certaining the reliability of our c~timates as well. .Moreover, the level 
uf Ji,·ing indices themselves support the view that per capita income 
c-, timates understate a country's incoJUc as ~hown by the favorable 
<.omparison with the Gilbert study. The arne conclu ion applies on an 
:trea 1Ja.,i5. Nevertheless, the differences in the rankings between level of 
Ji,-itw and income arc less ~c, · cre, althou!!h for some countries (such as 

~ \1 

Japan, \ 'encJ.ucla, several other Latin American countries and some African 
natiom) the differences are harp. (2) The results sugge~t the possibility 
of t\ro watersheds above and below which the relationship between 
economic and social development differs; one at a combined index of 
,tbout ~0 and another at al>out 6i. :!t C~) The proportion contributed by 
l·arh variable to the combined index demonstrates the existence of Engel 
<urn: d ntand patterns c..omparahle to those found in hou chold surveys. 
I'hi ..,uggcsts that whatever com 'l' of action :t country wishc~ for its 

de\·clopment, human dc..,ire~ and uccd"i will force 1 he "':t t i'L' tion of 
ncce -,irics first, while lu'\un· or lu:'..ury typl' dellll' llh of .an t.' l)J\011\ mu t 
lake 'iClOlld priority . vt) The tendent.y toward cqu.tlity ot thl: (' 

• · In tlti~ fOJIIlt'ttiou it should ~ mt·nrcorlt'd rh . t lht· w.thniH'd 111 IW•'I pmbably "'ould 
diffa trour lht• watenhed liH· year l:uer, in.t~murh ·" tht• l imtt•tl 'otatf'~ lnt'l of livin& would 
"lit ' rtHfl·.t"'tl. In otht•r "ord~. a :m J)('r <ent lcH·I of lhl!t~ 111 l!.ltil ( U . ~ . 100) would me"n a 
lr r ~:hu ab,ol utc lt:\•t:l than in 1959 . The watn~IH·d in 19tit \\Oilld conc\pond to a IO\\CT (than 20 
l"'r ll' OtJ pmportionate lc\'cl as thi5 would equal the absolute lnd in 1!.15V . The need is apparent 
'"' :c h" I of living intlt•x OH' l run t• for the linut·d Statt·~ \\hidt '""tid I.Hrht.ttc measuring the 
'1t•· ,,f growth in the Unit. ed State~ of In ini . "'c could. tht•n dt·tt•rminc the !(rowth of a given 
"lltr l!~ hy rdatin~e this rate to 1he combined index in 1\tc ternwt.&l vt•.tr c.ompated to the index 
., <~,,. original }'C.rr. If the incln: "ere I he arne in both yean. then I he gr\'t'n ountrv'a growth 

'· • tire ~a nrr as that of the l .S. ; if the index were hi~rher in the 1 rm111al H'Jr then ru growth 
"' IIJ haH' bt·cn l.rstcr th.m that o f the li . S. The difkrcm·c wuld be mc.lSurcd b\· tal..ing the 
· ~rr ·l\ rh one plm the ratc of 1 hang.-) and multipl} ing the apparent rate of d\Jnlc from 

"< 11 \ount• r·~ le\'cl Clf li' inK indict'\ uch a scheme would prO\• ide an alternati\e method 
''' ' ' "g thl' ratt· of dt.urge 111 nonomrc. t.ll'H'Iopment. a~ opposed to th!' incomt> or product 

I ~ 
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>~;.:_: proponium. at tht· uppt'r Indo; ol thing dnnon,tt ,ttt·.., tht' t;tp;t(it\ of 
·.···.~, t'hcsc fotllttlies to dnott· lt ',niiHc.., to .diluent ''I)( ' .tt ti\iti t: ' .tlld .tt th<~ 

~illllC tilltl' indi< ~t t< ·, to til<' d('vclnping natiott) tltaL ;t Ht 'lll l'tOIIIIIJtic 
.f.utuitl~ttiou j~., tt'<ptit<:d to ;u ltit ·ve the higher lc\Tl ol li\ ing . Ou the or Iter 

,· ha'lH.i; this lt'ndclH Y limit... the intpa<t ol any 011 e .. uror ttprm the tate 
.... ''"'~''·!.:!'··' ~)t' _growth of thc ll'vl'l ol li\'ing at rht: uppt'r lcH·k 

•• Y•<'·' ·" ·· .·. u·:.>_":' As to lhl' )t:co nd <hJl l'Cl of le~canh, Ito,,· \\ ' l' C. tlt tll;tkv J>Lt CLit.tl use 
·.~or'. the findings, the following ~uggt·stions arc made. t. l ) Ha,·ing e~rablished 
, that ··the levd of Jiving app1 nCI< h j-, " sup<·rior altcrn ;ttiYe 111 ptT <a pita 

·· .. innmtt' estimatc·s, it lollttw~ that the tombinnl inde, c111 be thCd in place 
1 1'}•tf r:;!.':F~,~,· of per capita ir1< ·o~11e as a tut';l-,lll't' ol crono1ni( de', Jqpltlt'lll. 1 ~ ~ l'hc n<'xt 

.: step is to dcvdop tiH · contbinnl ind l'x t)\t'l' :1 !)('' i1 HI ol time a' to 
··;· construn a !»t'rics for ('atlt <Oillllry .tnd tlllt' a ... n.·lt;tin thl' J..ttt: of gTowth 

· .. by c·ou11try. A real 1>1 ohk111 is how oflt.:JI to < hangt' the \H: i~ht-- . Periodic 
.'recalculation and evaluation again"ot prC\ ioth wt'i.~h ts may prO\·idc the 

·· solution here. (3) Awarcne~., of the watenhcds can be helpful in designing 
economic plans (formal as in India, informal as in .Japan) by indicating 

'· ;the p<.>ssihJc directions in which the ·<·conomy ran moYe. For <:'\ample, if 
' a country is in the combined inde, range of 20 to f)7 . intcmi,·e efforts in 
· the economic sphere wiJI achieve favorable rt:-,ults but at the t'\ptnsc o£ 
the social sector-which may 110t coincide with the desires of the populace. 
And a persistent emphasio.; in the economic are:t. pan it ularly in the 

. industrial sector, will result in· an exceedingly large proportion of the 
level of Jiving being attributable to it. This process can continue but not 

.. for. ,long; eventually the social sector needs to be recognized. as is indicated 

112,;v~t>,::~il, ..... ··, in Table B5, wherein is shown the 2 · ~ economic and 1/ 3 social 
··,: contributions to the combined index. Thus. althoug-h an economy can 

'deviate from this pattern, sooner or later it will.return to it, primarily 
because of the · nc ·ds ·and desires of the population. In the , ·cry lowest 
~edlc, 0 . t() 10, an _economy must providt· basic llC(.('\!'>itin for ~urvival; 
above this level t:onsideration can he giH·n to s.tti,f~in~ othn needs. A 

1 _ _,,,, ........... :-··.P!·· ··. deviation from t.his setplcnn· might lead to <lcpri,·;ttion of ha.;ic necessities 
or "t:oncentration on necessities only. I am not malin~ a judgment as to 
the .. effic;acy of this demand pattern: howc\'er. what seem;; apparent is 
that this sequence arises from the needs and desire:) of people, who arc, 
h1 the final analysis, the ultimate consumers of all goods and services . 

. ,-·~ To the C'\tent that an economy is far remon·d from the..;e patterns, 
·. return to them will sati~fv the needs of the final consumers. This may 
4uickcn the development . pace, as disequilibrium may be avoided-for 

1 '., example, excessive cmphasi~ on steel or fcrtiliLers or irriJ;!ation. without 
. thought as to how these specifir clements fit into the total !)ictun..'. As the 

averaging process (used to obtain the contributions to the (.·omhined 
index) takes ~xtrcnres into aaount. the ~c.,ulting demand pattern can be 
\;lewed as anorm at which equilibrium l'Xi'ih. Equilibrium in the s<'nsc 
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• d r.rt th(' n<'<'ds and de-.ircs of ;1 <;<)( i ty are bdng· ~atisticd and that ca h 
r ( l!ll ; ... (UIIt)'klltt'Jit:ll' ' lo_ lht• (()t.tl . For l''\. :llllJ>k. 1-.thinpia\ t'('OJlOtnic 

, , 1,, ,ttion i-. !l ."'1.· l. while tiH · ;1\t'l ;lgc lot ih decik gro11p j.., ~!l . ~l. ,,·hi(h t 

111 it j-, out ol lint'. gi' i11g too lillie 11 '' ('igltl l p dttl t tl~l . I) .liH.l too "..... 
. , IIJ Jtolt -agri<ultutal t'lltplo)llll 'llt 1:, I . h \HL .r to l ' t l.li \ , _! ) 

, choo l" (O.(i). ILtiti. al'o in tltt · tl lo 10 d li l( , ' l 11 hL hd•tCl 

](' d. with the (.'( Ollnllli( propon ion 8:"'1 . fi . 

\, 11otcd earlier. -.ub.,ranliitlly lll llr t· ~t · ..,can II j.., IC 'IJIIircd to n ·t ih o r 
T! J \f' these lilldill)4) or pcrhap" to c~tabli"oh othct~ .. \ddiri l)Jla] 
Jirr t< ' lllation wirlt mort a11d dillcrent combinations of vati.tble:) b 

·"·''' to oh~t'l v<· how the l'l'~lllt"o arc ;tile< ted. One altt.:rnati \ t' i · to 
·.,' 1 r t IH' BclltH'tt -.nie-, to a I actor ;tnah"i., . 

,\1'1'1:.:\ L)J' .\ 

THE F \(TOR \:\' .\LYSIS \IE-I HOO .:..! 

lllc method des(lil,cd here: i~ that dc\'elopcd h~ Frederick \' . \\'augh o f the 
l .11iU.:cl 'itatcs Ikp<trlmcnt of .\grintlture and has been used in wmputing Farm 
OjJtrator l .t•uc/ of I.i1,ing lnrfiu·s for Cuuntics of tlt r F11itl'cl \latn , 19;,0 and 1959. :>~ 

.\ complete text of \\'augh·, m e thod i~ wnt ;1incd in thio; puhli(ation . 

·r he level of li\'ing index raJ...c~ th e fonu : 

(1) 

were /, 1, n2, b,. an· the '' eight~ to be d('tCnnincd. TramTimning the dat a into 
~tandard form. equation (I) becomes. for a three \'ariable problem . 

('?) 

''here ,, .. , u·2 , w 3 are the weight-; for the ~tandan.lited ' a riahll's :. Thc ' c weights 
~houl,l allow for suhstanrial \'ariation in the index !>O that it will di,uiminate between 
high , Jn(•diurn anti low leH·I of li\'ing wuntrico;. The ,ariancc o£ the index is 

,J(.Jr l
' - _!_ ;~ 

1
2 -

11
,} ') .~ 0 I' _l I - - ~.r ·~ '..II' ! II'~ + • 1'13 11'1 ll'J -j II' _, .. 11J II'~ 11'3 I 11' •• -

1/. I 
(3) 

'where the r's rc.pn:sc.·tH tht· "impk tOnelation . In its prc'l'lll fonu the \ :\nanu.: has 
110 maximum as it t'Otdtl he intrc.tsed hy multipl)ing all th<· w"s h~ ,\ ullt-tan t .,real r 
than one. The variantc of i can h<.· Jllaximilcd suh j<·n l1 l the tllll,tr.lint thJt the 
~um of the squaretl wci~hts i~ unitY , 

II '~ + l/' ~ + II '~ = } (4) 

This can, he accornpli~hcd h~ ming a I agrange multiplier thus, 

F = t·ar i - r; (11' ~ + u:; + 1c~ - 1) 

wh'ere ,I!. is the Lagrange multiplier. • 
rhc rnatcri;~J }Jrt'\Cilfn! Ill thi< .tppc:tuli' follows H ' T\ 1 hht'h lltt 01 ljZIJl,tl Jrt i k il' \\ .wgh, 
I hal-e Jtrt·sentrll ht'l'c the thcorc ti<Jl h.1rl..ground .IIH! fonuul :u nctt';l<as:y 1 lHt' th( 

'11 l.tttor analysi~ nwthotf . I he tt·.ukr •~ 1c:krrcd to h1< .u·t it!t· for ,, numcnt.tl (•, ample . 

-~ ~t.ttistiral Rullt-tin ~:?1, lkp.llllllCIII o( .\!Z riutltttlt', \\' ,t -hingl t> ll, n (. . 1962 . 
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(5) with re~~ct to the w's and g we have: 

(1- !/)tv,+ r ,s 11'2 + La 1''s,.. tl 

r,111'1 + (I - y) l/'z + r~3 II'J = 0 

r,aw, + r2a U' z +II- I)) 1l'a = .) 

=1 11 11 + 11
1 + u•· 

I J J 

\ . 
'\ 

In order to solve for the 1 rue maximum. as ecp1ation rfq could he ~atisfied with 
some galues of g that result in a minimum F and so111c rna' r~ult in neither a 
minimum nor a maximum, it is necessar}· to add that in the H.cs-;ian matrix . 

l- (/ 

II - g 

g 

di:lgonal elements must be m· ~atht.·, all primipal ::!-ro"'· 
positive and so on. Accordin~ly, in order to arri\'e at a ma\.imum -.~ ;l ution g must 
be greater than one. We arc roncerned than with the maximum po~i t ive root which 
~an be solved by changing equations (6) to: 

l't3 u·, + rn 1r2 + u·a = (JII 'J 

the first equation hy it1 1 , these snon<l h\' ll'z and the third hv 11 '3, and 
we obtain: 

t•ar i := · {/ ( 11·~ + 1r~ + .. w~) 
invoking quotation (4) the constraint element, equation (9) indicates that the dominant 
root g equals the variance of the index. The Lagrange multiplier turns out to 
have a real meaning, as is often the case . Equation (8) can be soln·d by an iteration 
process, that is commencing with trial w's such as 1. 0, and continuing until each 

. rtCW set of w's conver~te. 
The correlation between the z's and the itHlex ;tre found by mullipl)'ing equa

'. tions (!!) successively by %1, by z1 and h · :, and cii' iding ~lh produtt h" the standard 
· de·wiation of thr itHlcx (i .c ., hyv'ii). Tlu:n u'\in~ 1 ~). 

I 

tf't + r,~ u·, + :·u ,,.~ 
r,u 

I 
'\. !I tr! 

'\. I} 

"" u·, + tr: + ru ·rt·, ,/7/ r.zi vu v·~ 

r" 11'1 + ru u·~ + 1/'3 -v-o r.,. . u·, 
Vg 

.. The sum ·of the 'squared correlation is: 

~ 2 ~ • % 
,.~,· + r,2, + r.J, = IJ (ll'~ + l/'2 + ,,.;) 

As the sum o£ lhc squared weights i'i 1. the Lagrange multiplier al~· l'f'lttals 1he sum 
of lhe squared correlation'l between the index and its element'\ . Thu;. in maximizing 
the \'aTiance of the in<!ex, we ahn maximitc ·the sum of the o;;quarcd cnrrdation~. 
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TABLE BJ. ~DICATOllS OF LEVEL OF LIVING: .\CTl •. \L D.\T.\ . CIRC.\ 1959 
(COJ:I,;T.) 

Percent 
uf artive 

I>Ol•U· 
l:.tiiJn Phones 

in 
non-agl'l· 
culture 

32 
17 
34 
tiO 
2!1 

34 
4/i 
Ill 
60 
H3 

5.4 
1.2 
3.2 

215.1 
1.1 

1.3 
4.0 
fi.fi 

52.4 
49.5 

7! 6;'.9 
51 l!l.i 
ti7 52.5 
46 12.8 
:!0 - 3.!1 

50 :!;'.1 
20 12~ 
i4 145.1 
.'ill 14.5 
4:.! 14 .11 
:!II l:.! .:i 
:!6 1.7 
Ml 1:1:!.:1 
~ 2~~ 
:u /i .tl 

Gross 
~oer&> 

con•umz:,.. 
uon 

161 
43 

142 
3.Y5'1 

145 

135 
3J4 
336 

1,33'1 
I ,12.? 

741 
54!1 
!165 
156 
214 

51i7 
2!12 

3.~3 
153 
Nli 
l:l6 
124 

2,!176 
~.~~6 

180 

10.7 
3 .2 
5.5 

1~~.0 
8.~ 

3.2 
:!Ill 
J•.o 
53 .U 

145.0 

143.0 
.!4.5 

163.0 
33.6 2, 

11G.II 
17 .lJ 

400,(1 
~11.5 
37 .0 
t:Lo 
4 ll 

23N.O 
1611.0 

11.6 

31 
12 
6 

4!14 
17 

2!1 
3:.!1 
:!:!I 
37!1 

2R; 

"" Hiti 
fjj 

15 

3<!7 

5'J3 

~I 

47 
:14 

141 
241 
26 

p,'c 
Fiber 

Vehicles I con>UJIJ p
tiun 
l}\g) 

!1.1 
3.ti 
6.5 

120.0 
1.1 

1./i 
0.3 
7.U 

i3 .0 
2'<.U 

44.0 
:?~.0 
tO.o 
i.2 
1.2 

:10.0 
:lO.O 

11:! .0 
1\J .O 
no 
ltlll 
11.1 

114.0 
:.!IIM.O 

\1 .7 

2.2 
1.5 
2.3 
\J.ti 
2.1 

0 .9 
2.H 
3.4 
fi.:l 
i.O 

ti..'i 
2.!1 
'l.3 
3.2 
2.!1 

5.5 
:.'." 
11 .7 
2.'-
4.0 
~ . 4 
1.11 

IO .. 'i 
lll .ll 
:l.3 

Qual it~ 
or 

tliet 

40 
45 
33 
i4 
32 

32 
31 
31 
5:! 
s:l 

4:! 
S'i 
'2.1 
:n 
1.~ 

:1:! 
4ti 
,51{ 

41 
45 
:HI 
:to,. 
114 
71 
53 

JlC 
E~J\Ort~ 
<l"~ I J 

averagf' 
1!158 60 

'2i 
10 
3t. 

3'\-i 
J 

fl 
3<1 
... ., 

t :lti 
~>7 

I;? 

'4 
:17 

:!!') 
IU 

3.'i7 
~~

:.!:1 
'1:1 
II 

:11'1 
:n11 
H 

P!..-
s:t~ans 

~ud 
d!'nt:.~l~ 

11.145 
I 051 
li .24.? 
1.35~ 
t•.:.?U ' 

0.011 
I) :!ii4 
11.1\1' 
1.171J 
:1.10 .. 

1.447 
IJ.!h'• 
lA(); 
fJ.l7.l 
0.3211 

1.071 
tl.t:i.~ 
u~~ 

0 . .!74 
u .·~ ~'· 
11 .11 .. ; 
ll.l) •j 

I :14" 
I ••! I 

11 .4 !'1 
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popu
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.'i~ 
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5:1 
:.J 
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'i 
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.',1 
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fi' 
4:1 
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1.~ 
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~~~ 
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12.'i 

11 .3 
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76.4 

Gross 
l'O('T~~ 

C'OlhUfnp

lUIII 

315 
14') 

355 
ss~ 

!) ' I 

~· .4' th 
s ·-

[Jj 

2 !!'1.5 
1:6'-1, 

l'<l, 
.,; 

I J•·. 
II · I 
.!4t 

;.!.,5 
4,51•4 
7,1i34 

lj(J(J 

2,51..' 
5fi 

7'14 

2.94..' 

4, ~ 1 HI 

2,1'-IJ 
:.!,!i'J5 
1,253 
4,3~-

~!rei 
Ct)fliUOlp· 

I lUll 

9.0 
I 5.0 
41.0 
31.0 

7 () 
1'14.0 

711 ll 
3.:! 

45:!.1) 
l54.U 

'i" 
q 7 

I I'•' 
II l ii 

11 11 

l, ,fj 

:! .1!.0 
4\11.0 
55.0 

IO.'i .O 
5 '1 

i~.ll 

:!i'll.O 

43'l.() 
174 .0 
l•JS .O 
124.0 
:!lVI 

Cenu·nt 
produc·. 
t~on 

5~ 
30 

I 14 
i3 

I'll 
I; .~ 

II 
3'(1 
.~I:.' 

I< I 
:.!/ 

) 'II 
IIJ 
,q 

ill 
2 1.) 
3Jti 
lfiU 
:!IIi 
2~ 

120 

IR4 

350 
144 
l'i2 
I.Sti 
259 

YrhirlP~ 

1:1.0 
li .5 

:no 
:.!P .O 

:1.7 
70 .11 
l t.tl 
:! A 

17'.!.0 
9'i.O 

f,!j 
'! ~ 

.'• !II 

'"'' 
'1,1, 

124.1) 
J'J:!.O 

5'-.0 
5.'> .0 

:! .1 
Cl 

l'i .l) 

!lui 
.'> .ti 
H.7 
1 .~ 

li 0 

p c 
Fiber 

l'Ofi~Ulllfl· 

!Hili 

( K~eJ 

2.5 
1.!1 
5.4 
:!.2 
l.\1 
4.'1 
!a ~, 

1.7 
11 . 1 
IIJi' 

4.7 
:• . . ,, ... 
.~ I 

~ () 

II .'! 
l.'i .S 
li.O 
4.:1 
O.ll 
4.1 

1<.5 

10 .1 
!i.l 
i .fl 
4.11 

14 .0 

Qual :!~ 
of 

cli•t 

~4 

34 
H 
:l.'i 
:15 ,. 
40 .,i 
:17 
f); 

ti..' 

:!:. 
:14 
~,,, 

1;, 
'I• 

:II 
fllj 
i!l 
fiO 
Sll 
31) ,. 
34 

ljl);• 

litlL• 
5fi I ' 

55 ,. 
7U t1 

fi/i I ' 

!Jl' 
E~f >J rt< 

. r..-~ , 

ll\'l'f:ll(l 

"'-'•' !ill 

' I~ 

:.?I 
:l:l 
til 
'I; 
~I 

1•1 
II 

.w; 
:!.!' 

:!t ,, 
I.Jo ,., 
II 

.' II 
I ~j 
lll.'i 
45 

:Hi'\ 

:!4 

I ~ 7 
;., 
411 
:! I 

.. 1~7 

Ph· . . 
.. i '! &fl ... 

und 
d· 1·1•·1-

•J .. )J t 
\) .120 
1L7:i.! 
0 .1 !4 
li '"; 
tllol :l 
l •l!• 
ll .ll'• • 
I 54! 
I "5! 

11 . .!7 
111.', .1 

•I• 
ill!, 

tl •. -. 

II hi 

I 2! 1 
1.71 •• 
1.7:. 

( I 7.14 
11.11 4, 
II • 

I '•II 

I ' tl 1 

I. I 'll 
I t:l'
l.l.)IJ 
! (Ifill 

\ , 

Da:ly 
r.ew,. 
papH 
r: rcu
•• 1.!. •D 

:!2 
f I 
25 

J'-.l 

11 
.5 

10 
~ 15 
:.!!t) 

ltrJ 
;):~ 

,j'l ' 

1'1 
.17 

H:" 

.)()1) 

ti'l 
79 
:!~ 

:t 

:1,7 
tJii 

o ... t •. 
n ···.,· ~

H&J••r 
I 'ITC'U· 

l.ill"fl 

7'h ,, 
'<•J 
1'1 ,, 
Iii 
;,t 

.. , .. 
:! ~If i 

]'I 

14 
Ill 
I 

·· : 

~~~ 

.'\ II 
:!!" 
!I.S 

~~ :
:!' 
Sr i 

151 

I''' 
I:lc 
1~ 2 

ll! 
4,'i !i 

rust 
primar~ 
school 
enn,l!
mt'nt 

7ll 
)1 

t:l 
I~ 

:!I 
I! 
:lti 

.... 
1.! 
!I.) 

:!5 
:I.! 

:?'-. 
10 
:1-< 
3~ 
!II 

~.! 

114 
4 

Pu<t 
prin:an 
..-dllilll 

&'flr••ll· 
1111'111 

lri 
~.; 

31! 

.!~. 
Iii 

lj ; .. , 

:!•1 

I; .. 
,, ,., 
11 1 
-' 
7 '~ 
l ' ,, 

..'I 
:I: 
44 

411 

) 

Pf' r<'ent 
or total 

popu
lati"n 

llt,ra!R 

'27.5 
1:? .5 
:!7.5 
!1 ' . .'\ 
t;.s 

1 :-.s 
12.5 
1:!.5 

!' '· ·" 
!1!.5 

~; .. 1 
7~ .5 
\17.5 
I ~ . 5 
:J7.5 

47 . .'i 
7.5 

tlti.[J 

:!:! .5 
tl.!.!l 
1:.!.5 

:1.11 
~'' ;, 
!1'1 .5 
:17.5 

1\-u·n· n~ 
,,f lutal 

pnpu
lath I' 

IJII 'Fa! " 

~~ 'i 
ti:? .. i 
,'i; ,.'j 
J;,,') 
; .~ 

4:! :-, 
' l ;, 
''""PI 
!! ' .~ 

:!7 .'> 

'"· .. 

'',1 

..... . '\ 
.,., .1 

"2 5 
.S:J..'i 
17 ,,'; 
~ .' . .'i 

tl:!.'i 

!I; ,) ,,, .. , ,) 

tt I,,) 

;; ~ 
ip .. 5 

Ra!lt:.! 

I ~ .lJ 

5. 
l • .fJ 

'2;! , 
4 ., 

7 ~ 
2, It 

15 ... 
J7J IJ 

t! .O 

12 .. J 

-;" 
: ~ .·.0 
J~ JJ 
17 ,I) 

;,. II 

.!.! J 

::•t3 IJ 

5J.'I 
'' tr;'tl 
... ,1 

43 
..!7,• .u 
~~ ~ tJ 

:.:l;(j 

:!.1 
17 •. 

·) -

Ra1 t<J · 

., ." f) 

13 . ? 
".5(1 

7 tl 
, I 

~ ~~i i ' 
•l cl 

1). 7 

I j7 I 

:.!•ri J 

j: I 

4 I 
' 4 

.. .. 
.t I! 

~-...: , It 

'1 11 11 
:,?ljJ IJ 

I L.! IJ 
i),'-1, 

; 1.0 

hii.O 

~.'>3.11 
:! ll.U 
lt•'ll) 
ltJ I.tJ 
!3'1.0 

~-ott•: All Uo.la ar~ e:q r('~ti~U on 8 per CaJ•ita for pn tiiUUiand JlOPlllat:un) lla 'l', 11'1!1: thl' t~l'l'flliOfl ur tt•·llcS I, 'i, 12 and 1:11\ul. ,.,. ""a r .. r l'fl' ag~ ba, ... 
&.un·• ·: Sta/utua/ Yearbook' l ' nit l'd Natron~. V&J'IOU, ~>·suns; t'tarbook of lnllrrnJ /ional Tradr St.llu.tirs, ldrm .; h'orld flliltrr:r1Jill J/,d.( '" ,.,.,, l'n lto-d ~allull~ J;Jcu atl« llal, ... ,. , .. r,t r a·:d 

Cultural Orl(anrzatJron; Batie farta and Fifl1Utl, ilkm., l!lfll, 1!162; Autoruobill' Manurachar&•r :\s..'!Uciat:on; \\'orlJ .\fotm V el!td!• Hl' l("tratton•; \\ or! Hailwa1 s, lt/aa 11f Jo:c .. ,.o,.u lill'•lor""•nt. b1 r.111.,ber~r: T~ K or/drnark l!:nC'Jirloptdia of the Nationa, Henjarruo A. Coht'n ted.), World mark Prrss I •cr .; l'rodurtio11 l'rarboo/,· , Food a11d \~tn • •il turr Or~:a n.aai Jon of thr• l'n ct••d \at ro n,, v:.rt<•UR 
Ja•u· ·~: rfflrbook o.fl.abar Stali•tv•. lnt~rnatinna1 Labour Offwt, 1962; Corn~ndiu .. of Sona/ Statillic~. l'niteJ Nation•. 19fi3. Table• Ill: \lontiJu Hulltfill of :l r;riet~lfural t 'r•Jn<l>llli• Ulld Str~ll•ltu, Fuud and A&fll'ultur~ Or11~iaation of tht' Unitt•d NatKJIIII, Vf•l. II, Januar} 1!16..!. 

~ 
~ 

-> 
'J: 

~ 
'J; 

-: 

6 
~~ 

c:; 
~· 
'7 -> 
~ 
0 

~ 

:--
0 
"rl 

~ 
'Z 
~ 

'"' :;; 

/: 
> .... 
0 
z 
J 

~ 
~ 



IASJ, EsTADLsnCA, MARZO DE 1 

TABLE D2. CORRELATION MATRIX 
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1 O. RO 0 . 7H 0 76 II H.! 0 iH f) 65 0 k9 Oi:!. 0 73 v :-s 1 u 
It ~· O. hO 
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II 12 11 14 

N on·Aifiru ltu rP 
Bmplo)men~ 

l'honrs 
l:nt'rJO 

~IA'd 
Cernrnt 

Vehicles 
F'iber 

Diet 
Exports 

Ph) 8irians 4: 
---------ECONOMIC Ll•:VEL------- Dcot tst.s 

Sew~:-;oe: 
Post-prim&r~ 

::ichool Enrollment 
I.iterac) 

Radioa 
---SOCHL LE\'Etr-----

ECONOMIC-SOCIAL LE\'Elr--------------

TABLE B5. SUMMARY OF LEVELS OF LIVI:SG: COMBINED, ECONOMIC, 
SOCIAL RANKED ACCORDI:SG TO CO.\IBINED 

Countr) 

--
t1•ited Stat., ... .. . 
Cu.da .... . ... . '······ ·· ·· ····· 
Swedea .•••.... . .... .. ......•.. - .. 
Australia .............. . . . ........ . 
Ullited Killldom. . . . . . . . ...... . . - . 
~..,. ................ .. .... . . 
New z..laad ...................... . 
latta.~ .... . . . . . . . . . ....... ' .... '' 
~.Republic nf . ... . . .. ..... . 
Swi~ •• •..•...• . .•••........ . 
Belaiua ..• ..... ' ... ..... ... ..... . . 
Denmark... . . . . . . . . . . . . . . . . .... . . 
Eut Gt-rtnM) ... .. . 
Nonra) . .. ... .. - . .......... . .... . 
Nttherlanda. . . . . . . . . .... . .... ... . 
rr..ee ... .... . ··· ······ ··· ···· ···· 
CJ..eboeloYakia ......... ' ' . . .. . . . 
Fillland. . . . . . . . ........... .. ..... . ....... ........ ......... ........ . 
Al&IWia . . . . ............. . ........ . 
U.S.S.R ..• .... . . .............. .. 
J ...... . . . ... ........ . ..... .. ... . 

(US = 100) 

Cvrnbaoed Ecnnun\io 

Jl)() 

11:1 
79 
i2 
7'!. 
71 
71 
70 
68 
68 
6!1 
68 
65 
112 
6:! 
5R 
.'17 
51 
50 
411 
46 
45 

100 
~7 
~1 
i2 
6!1 
7:1 
71 
69 
66 
72 
68 
6-1 
5\1 
tiO 
5~ 

55 
5!1 
47 
43 
44 
43 
32 

Su~·ial • 

100 
76 
79 

; " 78 
;o 

7'J. 
i6 
65 
iO 
i7 
78 
iO 
70 
1}1\ 

55 
72 
67 
66 
52 
i5 

1--------------~-------
Gomht.t I r.~uomi ,___ _____ _ 

22 
12 
17 
IR 
24 
8 
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·1.\fii.E B:l . SU,fMARY OF LE\'ELS OF LIVI~G : CO,IBI:'\ £1>, ECONOMIC. 
SOCIAL RANKED ACCORDJl'\G TO COMBIN£0 ~CO~T.) 

Countr.\ 

I \• ' I 

'r 
J..r .. · 
I' r ....... 

.• T .. b .. !lo .. 

('1; .. 1 ~ }{. ~ 

Pana:r.a .... . 
Ja:~ ... a ... . 
Hraz.l 
( 

0

4o! J !fJJ~il 
~! ·· ,i~o 
Y•a.ret.: :a·. :a 
f"h10a Tatwan) ..... 

.. . .. .... . . . . 

~l auatiu.• ...•.. · · · · · · · · · · 
1->ua.dr,! · · · · · · · · · · · · · · · · · 
Ptru .. . ..... . . ... .. . 
~{ala) a .... . · · · · · · · · · · · · 
Paragua:, . . . . . . • . . .. 
Du :u :ni~an Republic ... 
('e) lr,n ... . . .. . ... . .... •. 
Iraq ..... .... •. . .. 
!'i1caragua . ...... . 
Jurdan . . .... ........•.. .. •. . . 
S)ria .......... .. 
Phi !apr, n~'L . . . . . . . . . ...•....•. .. . 
El ~al"ador .. .. ... .. ........ . 
Turl:o• 
r. \.R·. - .Eg}pt 
Tuna•ia 
\l~rrt11 
liha t •. a 

lr .~tl 
rt 11 tllln I 
liuat· ·nu!11 
lion I• m3 

Rhude.' & :\ j ~~~~l~nd .. .. .. .. . 
~l oruc~•J ... .... ... .. . . ...•....... 
Ltlt:-a . .. .. ........ .......... .. 
K•J rea .... ........ .... . ...... . . 
Bur::.!i .. ... .... . .......•. . ....... 
India .. ..... .. . .. ... . ..... .. 
Bv i!Yia .... . . . •....... .. ..... . 
Paf:i.:--. a:~ ... ..• . . ...... . . • ... . 
bdr, ::.,.,;a . . ........... . 
Ha:! i ..... .. ...... . ...... . ..... . . 
:'\ :5··- ~ . l . . . . . . ......... ' ......... . 
Is . E . .-\irica ..... .. ........ .... .. . 
~1~:-, .•• ·'·· . .•••••••• • • • •... 

:-~,::: .... .. ..... .. .... .. . . . 
.\ :..,; . ~ . . . . . . . . . . . . . . . . . .. ' .. 
;-!.1 ·.~ . ·:l~ ~·~ . •. · ... ·• ·. ·. : : : ... : : . : : : : : : 

!· 
--- --- :\•' ... ' .... ... .... - ..... . 

12 
41 
11 
41 
40 
40 
~() 

.l'
:n 
:1.1 

<l 'S - 100) 

,,, 

, Of ial 

!il 
5i 
511 
~!! 
50 
4'l 

I" 
ttl 
1-' 

7 
6 

20 
15 
11 
15 

7 
5 
4 
5 
3 

• 5 
2 

Ha.nk 

:?.3 
21 
:!5 
27 
26 
2 
42 
3i 
31 
32 
30 
47 
33 
35 
211 
40 
39 
36 
34 
46 
3~ 
49 
44 
41 
43 
53 
ii1 
48 
57 
45 
66 
60 
71 
61 
5 
63 

~· 112 
55 
64. 
1111 
70 
65 
i3 
511 
i'l 
6i 
77 
76 
7 
52 
59 
68 
60 
7-1 
76 
81 

so 
3 

;g 
6 

87 
84 
1\5 



U'nitt'd Statt-S 
Canada 
Sweden . . 
Australia 
l"mted Kingdom 

Luxembourg 
S"t'w ZE"aland . 
let' land 
Gmnan> &publ ic of 
Switaerlaod 

BE"lgium 
Denmar.k ... 
f.aqt German) 
Norwa) 
N t•thrrlantl~ 

!>'ranee . 
Czl'chosluvakia. 
f"lllland . 
Ism•" 
Austri11 

LS.~.H. 
Japan 
lrt>land . 
l"rul(tJa_l 
llunttar~ 

l'ul&ll<l 
Aro:~uttlla 
I tal} 
Y··nezut•la . . . . 
Trwidad &: Tultagu .. 

Country 

< n•r u~ 
(ir<:!ece 
Lthanon 
l'u rtu~al 
losta Rica . 

Panama . 
Jamaica .. 
1\razJI. .. 
(~Jiombia 
Mcxiro . 

Yugoslavia .. 
('l.1na (Taiwan) _ 
Mauritius • . 
Er uador 
l-'1•ru 

Mala.) a .. 
Parai{UB} . . . 
Durm111ran RRpuhiJ r 
('c}lon · 
lr!l' l 

NJ('aragua 
Jordan . 
1-i}'ria .. 
Pblltppmr-4 . 
l:l Salvador 

Turke.) •. . 
U.A.R. 
Tuni.•~a • 
Algeria . 
Gbaoa .• 

TABLE B4. PER CAPITA INCOME ESTIMATES AND LEVEL Of IJ.\T\;G l~DEX 

Levl'l of 
laving 

.Com.binl.'d 

100 
83 
79 
i2 
i2 

71 
il 
iO 
6!! 
6~ 

68 
68 
65 
62 
tl2 

ss 
57 
54 

-.o;o 
4\J 

4fl 
45 
42 
41 
41 

41 
40 
40 
40 
38 

Per capita inoome estimates (US=IOO) 

MIT• 
1967 GNP 

p/c 

100 
iti 
54 
51 
46 

54 
51 
22 
36 
55 

46 
41 
23 
44 
:12 

37 
26 
31 
211 
2ti 

:.!3 
12 
21 
1!1 
1\J 

IS 
1\J 
20 
25 
16 

IBRD•• 
19Sl!---601 

100 
72 
52 
51 
45 

59 
52 
33 
44 
52 

44 
46 
25 
42 
H 

3!1 
2\J 

•
36 
24 
31 

25 
18 
22 
17 
20 

I!J 
20 
24 
24 
20 

rN••• 
19582 

p_lc 

100 
76 
56 
52 
47 

57 
55 
41 
40 
58 

47 
42 

a n.a. 
44 
33 

47 
• II.B. 

32 
25 
2K 

• ll.ll . 

1:! 
:w 
19 
n.a. 

• n.a . 
21 
21 
31 
23 

USAID•••• 
196J3 

100 
titi 
53 
54 
50 

53 
5 .~ 

30 
52 
fll 

49 
4!! 

a n.a. 
47 
3i 

4S 
• 11.!1. 

3!1 
2!! 
31 

l l n.u. 
IS 
25 
II\ 
n.a. 

n II.U. 

IJ 
~5 
25 
21 

Combinell 

!I 
IJ 
14 
14 

lti 
li' 
Ill 
I !I 
20 

21 
2:! 
2:! 
24 
:.!4 

24 
27 
2i 
~7 
JU 

MIT 

~.! 
13 
J 

11 
2fJ 
10 
It 

1.! 
17 
15 
Hi 
I; 

:!O 
~ u 

:.>:l 
25 
:?5 

" :!) 
:.!4 
I!! 
31 

ffiRD 

3 
4 

16 
10 
4 

10 
'l 

19 
13 
10 

H 
I'\ 
15 
:!I 
17 

1!1 
:!II 
.!4 
31 
2.') 

:.!~ 

~5 
:?I 
:!I 
:.!.S 
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(CONT.) 

Per rap1ta. income estimate~ (1' :4 = lllll' 
Level of 
livin:;: 

Combined MIT" I 
1957 GXP 

p/c 

IBRD•• 
195s-601 

·1- - ---- ··---- - --·-- --

30 
30 
2Y 
27 
26 

26 
25 
24 
24 
23 

23 
21 
20 
20 
I !I 

20 
18 
I!! 
IH 
17 

17 
I i 
li 
16 
16 

1ti 
15 
15 
15 
14 

18 
13 
14 
9 

14 

13 
12 
II 
Ill 
10 

I() 

) 

10 
7 

14 
4 
(l 

5 

i 
~ 
9 

fl 
6 
7 
7 
7 

15 
11 
14 
9 

15 

14 
15 
i 

12 
13 

12 
5. 

10 
5 

14 
4 

s 
4 
5 
5 
9 

9 
5 
7 
7 
7 

us··· 
19582 

p,'c 

I 'I 
13 
11 
9 

1.') 

15 
15 
II 
13 
II 

n.a . 
5 

10 
i! 

f) 

.5 
ll 
5 
I< 

10 
fj 

6 
lj 

9 

USA I D .... 
196 !3 

15 
15 
15 
10 
12 

15 
42 
7 

10 
II 

10 
5 

~ n.a. 
6 
ti 

10 
5 
8 

Curnbined 

36 
36 
3R 
:l!) 
40 

40 
40 
43 
43 
45 

45 
47 
48 
48 
51 

41-1 
51 
52 
5'! 
55 

55 
55 
5.'i 
5Y 
5!! 

59 
112 

~tiT 

::?~ 
.i'-
3t 
4\l 
34 

3~ 
:n 
4t 
44 
44 

4-t 
tj l 

44 
54 
54 

J-t 
j') 

4'\ 
Gi 
Ill 

01 
1;7 
54 

·~ 4k 

411 
Ill 
5k 
~ 
58 

113RU 

33 
45 
37 
4i 
33 

37 
2' 
5:! 
4'' 
41 

41 
61 
4d 
Ill 
53 

37 
ill 
4i 
70 
53 

51 
iU 
f) I 
fj) 

47 

41 
til 
53 
sa 
53 

o; 

.') 

ti 
13 
H 
3 

' 1:! 
A Y!. a . 

II 
15 

• u .. \. 
IIi 
I' I 
I' 

" ll .:l . 

;!5 
1:1 
~4 

a n a. 

tl ll . .. l. 

:!I 
:ll 
t: 
:.!0 

a f l.~. .. -

l':\ 

:.!5 
33 
36 
4:! 
:!h 

2~ 

:!~ 
3ti 
33 
3•1 

n ll . 

til 
3\1 

4: 
51 

42 
lll 

4'' 
1\1 
~;-

J \1 

-~7 
57 
-t7 
-1:.! 

4:! 
Iii 
57 
3'1 
.'il 

l'S.-\.ID 

·:; 
17 

h) 

lU 
a fl.a. 

1:? 
15 

13 
!i u.a. 

H 
jl( 

Hi 

n.a 
:.'3 
I'J 
:!4 

• n.a. 

.. u .... . 
;!J 
1\1 
I'J 
:!~ 

u. n.a . 
:l:? 
24 

L'S.-\10 

~li 

:?li 
:?ti 
37 
35 

:!I) 
:!t; 
45 
:< 7 
3ti 

:li 
5!i 

\ JJ. a 

53 
53 

37 
S!i 
4 ' 
5"
u 

4'1 
45 
51! 
IJ3 
42 

~ 
'J. 

~ -., 
~ 

~ 
;;;~ 

.,J 

·; 
"7 -)> 
-,r: 
~ .... 

~ 

"" ..,., 
"''! 

t"" 
~ 
2 
~ 

0 
"''! 

z 
~ 
..j 

0 
7. ., 
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TABLE B4. PER CAPITA INCOME ESTIMATES AND LEVEL OF LIVING INDEX 

(CONT.) 

Per capita income estimates (US=lOO) 
Level of I 

CoWltry I living MIT• UN•u I I Combinrd j MIT I IBRD I UN 1 USAID 
Combined 

1957 
GNP IBRD.. 

19 82 
USAID•••• . 

195'8--601 5 19613 
p/c p/c 

- -----
Iran.... .. . .. . . . . . . . . . . . 14 4 5 7 7 65 71 61 I 51 45 
Thailand . ..... .. ...... .. 14 4 5 3 3 65 71 61 74 66 
Guatemala.... ....... ... 13 7 8 7 6 68 54 51 51 53 
Honduras............... 13 8 7 8 7 68 53 53 47 45 
Rhodesia & Nyasaland. . 13 5 7 7 6 68 67 63 51 · 53 

Morocco.. . . . . . . . . . . . . . . 13 6 5 7 5 68 61 " 61 51 58 
Libya.... ..... . ......... 12 2 4 6 7 72 82 70 57 45 
Korea. ................. 12 6 3 5 3 72 61 77 61 66 
Burma.. . . ............ .. 12 2 4 2 2 72 82 70 80 76 
India...... . . . . . . . . . . . . . 12 3 3 3 3 72 i6 77 74 r 66 

Bolivia . ........ . . . . . . . . . 11 4 4 4 4 76 71 70 68 63 
l'akistan... . . . .... . .... . 10 3 3 2 3 77 76 77 78 66 
Imlont·Hia... .... ..... .. . 10 5 3 3 3 7i 67 72 74 66 
Haiti . ............. .. .. . 10 4 4 4 3 77 it 70 68 66 
Nigeria . ..... .. .... . ..... 9 3 3 4 3 SO 76 77 68 66 

Jk East Afrira ....... . .. 8 3 3 3 '' 81 76 77 74 76 
Sudan . ...... . .. .... .. . . 8 2 3 4 3 81 s·• 77 68 66 
Viet-Nam... . .. ... ...... 8 3 3 4... 3 81 76 77 68 66 
Angola........... . . .. . .. 8 2 3 4 · • n .a. 81 82 77 68 a n.a. 
Mozambique. . . . . . . . . . . . 8 3 3 3 a n.a. 81 76 77 74 • n.a. 

Cameroon... ...... .. . . . 8 2 3 5 3 81 82 77 61 66 
Sif'rra J .. conc... . . . . .. . .. 7 2 5 3 2 87 82 61 74 76 
Ethiopia. . . . . . . . . . . . . II 2 2 2 2 88 82 88 80 76 

Mas.~aohusctts Tn~titute of Tcchnolop;y. 
Jntcruat.ional Dank for ltcconstrurtion and l>cvclopmcnt. 
Unitccl Nations. 
United States Arzono.Jr for Inlornatioru,l Dovulopnu)llt. 

1 l'er capita at factor cost exchange rate adjustment. 
2 Domostic product at factor cost. 
a ONP inarket prices. 
• Not tlV'ailahle. 

Sour~: Per capita income estimates, World Income 1957, b) Milroto rsui and F.E. Hartn, MlT; JJ.lRD, (1t'r rapita CNP at factor COtlf, Econcmic DErartmfDt e&timate.; }'~ 
Nc.tiu.c:l ..41(ct~r.h ~lf..li1111~, t N; !111•Uca fj CICu ll'chu.d lru.'t:ff Utcil), tfAJD, Stati~ti<'l and ~~rta Division, Apri13L, 19611. · · 

< ~ombincu Number 
index of 
decile countries 

..... -- ·-·- -· -- -

LJO . I- 100.0 I 

~0 I \10 .11 I 

70 . 1- HO .O 5 

~0 . 1- 70 .0 ' 8 

50 . 1- 60 .0 3 

lO. l - 50.0 • 
30 ,1- 40 .0 0 

20 . 1- 30 .0 12 

10 I :!0 0 :!IJ 

0 - 10 0 11 

8R 

-

TABLE B5. LEVEL OF LIVING: COMBINED INDEX AND AVERAGE 
CONTRIBUTION OF EACH VARIABLE TO INDEX 

l'orct•ntagil..'V 

Economic sector I 
Nou-!lgric- c • ....,,. I v ~· , Energ:~o Steel Phy-

Total emplo)- Phones cons. cons. prod. e 1c es Exports Fibers Diet Total , sicians 
ment 

-----·- --·- -- .-...._ __ ----·-

67 .R 7.5 8 7 10 .9 7 .• 4 . 1 9 . 7 1.6 s 9 0 0 3~ . 2 4 .4 

70 .7 n n 7 R 9.6 (\ 5 -4 II 11 .4 6 I i ·. ~ 10 . ; 29 :1 4 . 2 

67 .7 10 .0 6 .8 6.6 6 .8 5 .8 6 .3 5 .9 8.5 I t.O 32 5 5 .1 

65 .5 10..0 5 . tl 6 .5 6.1 6.8 3 . 1 6 6 9. I 11 . 7 34 .7 6 .3 

64 .0 9 .6 3.8 6 .9 7.8 6.8 3.3 4.2 9.5 12 . 1 36 . 2 6.0 

59 .2 13 .0 2 .5 5 .2 5 .1 5 .4 1. 7 2 .5 9.5 14 .3 41..1 9.8 

67.0 ' 14 .7 2.3 5 .8 3 .8 6 .2 2. 7 5.9 7.6 18.0 33 .0 6 .4 

63 .9 16 .4 1.6 2. 7 2.4 5 .1 1.7 2.6 9 6 21.8 35 .9 7.0 

70 5 111.2 LO 1.8 1 . 4 3 . 7 1.5 3 .3 10 .5 28 . 1 2\l 7 4. 1 

86 .9 20 .7 0 4 1. 1 0 .8 2.4 1.3 :l .O 9.6 47 .6 13 .0 1.0 

• OLtaineu _as simple arithmetic average of countr:~- pcrt'llntagcs. 

Social sector 

News- I Sch Is 
papers 00 Literacy Radios 

-·---- - ------
4 .5 5 .9 5 .2 l !U 

II 3 (i 0 6 4 9 0 

8.' 4 G 7 7.3 50 

i .O 7 . 7 8.0 5.7 

7.0 7 .9 9 .4 5 .9 

6 .0 8. 1 l1 .5 5 .7 . 

4. 2 6 . 9 11.3 4 .2 

4 . 2 8. 1 12 .6 4 .0 

2. 6 R.8 11 8 2 .4 

1.2 3 .8 6.3 0 7 
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TABLE B6. LEVEL OF LIVING COMBINED INDEX BY AREA 

(Circa 1959) 

Area 

l•'rce World ... .... . . ......... . ...... . 

Developed countries .... . . 
Less-developed countries .. ... .......... . . . 
Soviet-Bloc ..... . 

Western Europe ..... . 
Southern Europe .. . 
Latin .Arn.erica . ..... . 
Middle East . .... . . . 

Africa (excl. South Africa) . 
Asia (excl. Japan) ........... ... . 

Australia & New Zealand ... . . . 

Others: 
Canada ....... .. ... . .......... .. ...... ...... . .. .... . . 

Israel ......... . .. ..... . 
Japan .. .. ... ......... . 

South Africa .... ..... . 

Combined 
Index 

(l'S =100) 

25 
58 
15 
-16 

61 

24 
26 
16 

12 
12 
72 

83 
51 
45 
32 

Note: Developed countries includes Western Europe, Canada, Australia, New leland, Japan 
and Israel. Less-developed countries include Latin America, Africa, Asia, .Middle East, Southern 
Europe and South Africa. 

TABLE B7. SUMMARY OF CORRELATIONS WITH SELECTED 
EXOGENOUS FACTORS 

Exogenous 

factors 

Crude birth rate . ..... . 

Crude death rate ..... .... .. . . 

Infant mortality .... ......... . 

Life expectancy ...... ...... ...... . 

Correlation with level of 

Combined Economic 
- -----

r r 

-Q .62 -0.58 

-0.28 -o.26 

-o.66 -=--o. 64 

0.76 0.72 

Note: The number of countries used in each correlation varies inasmuch as 
exogenous factors were not available for all countries . 

Social 

r 

-o.67 

-o.30 

- 0.65 

0.79 

LEVEL OF LIVING OF NATIONS 
t' 

31 

T ABLE Cl. LEVEL OF LIVING: COMBI~ED, ECONOMIC, SOCIAL WEIGHTS 
AND RELIABILI~EASURES 

Variable 

Non-Agriculture employment . ... . 
" Phones p/c . ....... . . ....... . 
'I Energy consumption p/c . ....... . 

Steel consumption p/c ... . .... ... . 
Cement production p/'c ..... . . . 

t1 Vehicles p/c ..... . .. . 
7 Fiber consumption p/c ....... . . 
H Quality of diet ..... .. . 
\) Exports p/c ... . 

10 Physicians & Dentists p/c ..... . 
11 Kewspaper circulation p/c .... . 
12 Post-primary school enrollment . ...... . 
13 Literacy .. . . .... . . 
14 Radios pjc ..... . 

Total variance of variables .... .... ... . 
Computed variance of variables .... . 
Percentage of total variance explained 

by Level of Living concept ........ . . 

Weights 

Combiw·d .Economic Social 

0 .08p5 
O.OZHl 
0.0014 
0 .0150 
0 .0123 
0 .0246 
0 .5779 
0 .1197 
0 .0157 

2 .4969 
0 .0137 

---- · -- 1-·--

0.1254 
0 .0341 
0 .0017 
0 .0233 
0 .0191 NotApplicablc 
0.0390 
0 .8488 
0 .1802 
0.0241 

0 . 0780 Not Applicable 
0.0540 I 
0.0130 

8.0845 
0.0423 
0.2472 
0.1755 
0.0384 

14.0 
10.6049 

76 

Reliability Measures 

9.0 
6.9224 

5.0 
4.0580 

77 81 

TABLE C2. LEVEL OF LIVI~G: CORRELATION BETWEEN EACH 
VARIABLE .AXD INDEX 

Correlation coefficient 
Variable 

Combined Economic Social 
------------------------------------1·---------- ---~------------

1 X on-Agriculture employment ..... 
2 Phones p/c ...... . ..... ........ .. ... 
3 Energy consumption p/c ... .... ....... 
9 Steel consumption p/c. . . . . . . . . . . . . . . 
5 Cement production p/c ...... . ....... . . 
6 Vehicles p/c ....... ....... ... 0 ••••• • . . 

7 Fiber consumption p/c .. . 
8 Quality of diet ..... ...... . ..... . .. 
9 Exports p/c ..... ........ . .. .. .. ... 

10 Physicians & Dentists p/c . .... . . 
11 .\ewspaper circulation p/c ... . . 
12 Post-primary school enrollment ..... . . 
13 Literacy... . . . . . 
1-! Hadios p/c .. ... ............. . 

* * * 

0. 9(} 
0.88 
0.90 
0 .91 
0.86 
0.80 
0.95 
0.82 
0 .78 

0.83 
0.91 
0.86 
0.86 
0.91 

0.87 
0.91 
0.91 
0.92 
0 .86 Not Applicabb 
0.84 
0.93 
0.83 
0.82 

Nf Applicable 

0.88 
0.92 
0.90 
0.92 
0.87 
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