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STAIDARD PRACTICI INSTRUCTIOLS
L, THI LABORATORY VWORKR'S MOTEBOCK OR LOG

You should maintain a log or a laboratory wvorker's notebook.

If you studied chemistry in school you kent a notebook in which you recorded
each step of each experimant so that afterwards you could know what you did and
vhy you did it,

You should do the same for a cycle analysis.

To start off on the right foot I am going to write up the first page of
your log for you.

To save you the trouble of copying vhat I write, I am furnishing you thi:
write-up on a separate page so that you can insert it at the proper place in jour
binder.

In this instance the log will serve a double purpose. It will provide a
guide for future logs. It will also explain to you the re~son for choosing a
9-year moving avcrage trend instead of a trend of some other length.

General Instructions Rezarding Logs:

1. Each gheet of log should have in the upper right-hand corner the code 50
indicate the time series to vhich it pertains.

2. Bach entry in the log should be headed with the date upon wvhich the
vork was done.

3. Use abbreviations vherever possible. The log is merely for your own

future reference.
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LOG
STANDARD & POOR'S COMDINED ANNUAL, 1854--1953
(Date)

Set up TS--1. Entered data supplied into Column A,
Cherted deta on S & P C A--1 (arithnetic) and S & P C A--2 (ratio).

(Date)
Looked up logs and entered into TS--1, Column B.
(Date)

Studied Chart 2. Noted pronounced trend and many oscillations.
Major cycle about 20 years long.

Measuring from low to low

1859--1877 18 years
1877--1896 19 years
1896--1921 25 years
1921--19k2 21 years
1942-- 7

Fourth cycle broken all to pieces by the low of 1932.

The series is so short that we have only about 4 1/2 repetitions of the
20-year cycle. Too few to study fruitfully until shorter cycles removed.

Noted crests in 1953 (or later). 1946, 1937, 1929, at about 8-year, inter-
vals. These 8- or 8! year cycles seem to vanish as we go backward for the next
25 years or so, but seem to reappear with a crest at 1902, 1892, 1881, 1872, 1864,
and perhaps 1856.

Admittedly, the troughs between 1863 ard 1872, and between 1881 and 1892 axrz
very bad. - But we have to start scmevhere.

Let us therefore explore for cycles in the neighborhoos of 7, 8, 9, 10, or
1l years.

(Date)
As a first sten I definitized trend by comuting a 9-year moving average of
the logs of the data.

The 9-year moving total was posted into Col. C, 9-year moving average postcd
into Col. C'. '

Logs of data and their 9-year noving average then plotted onto Chart 3.
(Date)
Next I computed deviations, logs of cata from their 9-year moving average, as

described in Lesson IV. Posted deviations into Col. D, and plotted onto Chart L.

I studied this chart and roticed:
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LESSON III
Supplement 1
Question:

Why did you choose a nine~year moving average for the stock market averages
instead of en lleyear or perhaps a 7- or a 5-year moving averagel

Answer:

If you study a chart of the data you will see by inspection a cycle about 9
years long. You cannot tell by inspection just how long it is but you can see
something about this length very clearly in the figures plotted on log paper or
in th; logs of the figures plotted on arithmetic paper. {(s. & P. C. A. No, 2 and
No, 3).

You generally use a moving average trend that is as near as possible to the
length of the cycle or the cycles you are going to isolate. Also, you generally
use a moving average with an 0dd number of terms.

Thus, if you had observed a 6-year cycle in these figures, you would have
used a S5¢ Or 7eyear moving average. If you had observed a 13-year cycle you would
have used a 13eyear moving average,

You can, of course, use a moving average that differs from the length of the
cycle, but if you do you have to make adjustments. Also, as you will learn, if
your moving average is shorter than the length of the cycle, you will loose some
of the cycle. If the moving average is longer than the length of your cycle you
won't do the best possible job of getting rid of randoms and longer cycles.

All of this will become clear as you proceed with the course,
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LESSON IV

RGW TO REMOVE TREID

Then you have trend values for each year it is a simple matter to express the
actual datum for each year as a percentage above or below the trend, as the case
may be. (You will remember that datum is the singular of data. It means one of
the numerical facts with which you started--one cf the values of your original time
series,) Such percentages are called percentage deviations from trend. They
represent the data adjusted for trend.

Suppose the value of the datum for a particular year is 600. Suppose the
trend for that year has a value of 500. The datum is 100 above trend; 100 is 20%
of 500, Hence the datum for that year is 207 above trend; i.e., the deviation
from trend is plus ggﬁ.

If the datum for that year had had & value of 400, it would have been 100
below trend. One hundred is still 20% of 500, the value of the trend. The rela-
tionsaip of datum to trend--the percentage deviation from trend--would have been
minus 207%.

When such computations (percentage deviations above or below trend) have been
made, trend of course vanishes. That is, it becomes zero in ell cases. Thus, when
charted it becomes a horizontal axis at zero, around which the deviations oscillate.

For an illustration of charts of computations of this sort refer to Spurr,
Charts 14-1 and 14-4 on pages 296 and 301 respectively.

(Of ocourse what is said here about yearly trend values applies equally to
trend values for any other period of time for which the data exist--half years,
quarter years, months, weeks, deys, hours, etc.)

Another method of proceeding is as follows: Instead of computing the per-
centages from the trend, compute the percentages that the data are of the corres-
pending trend values. In the examples given, 600 would be 120% of trend, 400 would
be 80% of trend. Trend becomes a horizontal straight line with value 100%.

The curves obtained by the two methods are identical. However, in the second
method the scale is 1007 larger. Plus 20% becomes 120%, zero % becomes 100%, minus
20% becomes 80%,

For an example of the second method refer to Spurr, page 332,

Strictly speaking, the values obtained by the second method are not devi-
ations. The word deviation (or departure) implies going away from, up or dogn.
However, the word deviation is used loosely to include percentages 3£ trend as
well as percentages from trend.
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When you are dealing with the data in their original form and when the devi-
ations are small there is little to choose betveen the two methods. XHovever, (a)
vhen the deviations are large or (b) vhen you are vorking with logs of the data,
the second method is essential.

Vhen the deviations are large——for rule of thumb, let us say over and under,
plus or minus 20%-—you will want to rlot them on ratio scale. But negative
numbers cannot be »lotted on ratio scale. You must convert to positive numbers.

Similarly, when you ore vorking wvith logs you have to use the second method
becauses, as you will remember, negative numbers have no cofresponding logarithms.

Let us vork out the actual arithmetic:

Curve Curve
Above Below
Trend Trend
A Data 600 400
B Trend 500 500
C Ratios 600 = 1.2 Loo = .8
(A divided by B) 500 500
D Percents
(Ratios x 100) 120. 80.
Now, in Logs:—=
Curve Curve
Above Below
Trend Trend
A Logs of data 2.7782 2.6021
(Log of 600) (Log of 400)
B logs of trend 2.6990 2.6990

(Log of 500) (Log of 500)
C Logs of ratio
(Subtract B from A) .0792 -.0969
: (Log of 1.2) (Log of .8)

D Logs of percents
(add 2.) 2.0792 1.9031
(Log of 120) (Log of 80)

Of course, in actual practicse you put your 2. into the machine along with
the log of your datum, all in one operation. If the log of your datum reads
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2,7782, you put 4,7782 into the machine, you subtract 2,6990, and obtain 2,0792
directly, Similarly, if your datum is 2,6021 you put 4,6021 into the machine,
Then, when you subtract 2.6990 you obtain 1,9031 without having to bother with
negative logs and an additional operation.

Note that when dealing with logs your "deviations" are differences of the
logs, which is the same as ratios or percentages of the numbers,

All that I have said above applies to trends of eany sort--graphic trends,
straight line trends, mathematical trend such as parabola, and moving average
trends,

NOTE

Lessons III and IV have failed to fulfill a promise I made in the Tntro-
duction that you could learn something from them no matter how many courses in
statistics you might have taken.

Then I got into the actual writing of Lessons III and IV I decided to
simplify them so as to limit them to moving average trends. This aspect of moving
averages is well understood by statisticians,

The effesct of moving averages upon any cycles which may be present in the
original curve and in the deviations from a moving average trend will be treated
later when we get into the matter of isolating cycles, It is this aspect of
moving averages that is not generally understood.
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Problems

1. Adjust the logs of your stock market data for the 9-yecar moving average
trend. Post the result in T.S.-1, Col. D.

2. Plot the values of T.S.-1, Col. D onto a sheet of 11% x 17" chart yaper
(Chart 4) wusing the same horizonsal scale as you used previously, and using a
vertical scale of your oun choosinz.

3. ADefine the follcwing terms. (If you vish you may urite ansvers on slips
of 3" x 5" paper (or cards) which can later be filed alvhabetically as part of a
glossary.,

a. Reciprocal y. Stud (of tabulntion sheet) -;u. Sccular Trend

b, Origin of a chart .. The base of a ratio x>. Rate~of-change chart
c¢. Refined ratio aa. X scale of o char+ ¥3. Tabulation shee’

d. Common denominator bb. Data (datunm) zz. Geometric moviag av.
e. Ratio cc. Avercge eaa. Lor-log chert

f. Ordinate dd. Time series bbh. Soomesric rean

g. Quotient ee. Crcle cce. Length of moving av.
h. Ratio chart ff. Logerithrs 2dd. Slope of a curve

I, Array 2. Chart of graph eec. Signifi-ant figures

J. Statistles h., Deviation {ff. Irtex nunder

k. Root ii, Rhwvthm egxo. Derominctc:

1, Grid jj. Prend fitting hhh. Series

m. Transposition kk. Isolnte £ii, Tecimal fracticn

n. liedian 12, Zvaluate a cycle Jji. Imvrover fraction

o. Factor rm. eighted moving average kkk, A-it¥metic mean

p. Common fraction nn, Scoi-logorithmic chart 111. Parabole

q. Scale 00. Axiz of a chars mam. lioving tosal

r. lioving average Pp. Oszcillation nnv. Dividend (in arith)

s. Ratio scale qq. Rondom fluctuation 000. lhumerator

t. Rounding off numbers rr. Arithmetic ccale PPr, Point dats ves o ol
u., Term (of a time series) ss. Cycle Anelrsis ¢qqa. liodified mean icale

v. Y scale of a chart tt. Diviser rrr. Curve (as plotted on
w. Percent wu. Line granh a chart)

x. Trend vv. liatheratical trend gss. Abscissa

ttt. licCe

L, Send in your stock market loz {if you have added to what I vrote), your
stock market tabulation sheci, and all four of your stock market charts.

5. Tell me hov long you spent on Lesson IV and on each of the three assizined
problenms.

6. Tell me if you vant (a) more home work, (b) less home work, (c) about '
what I am givinz. Tell me if the lesson material is (d) too hard, (e) too easy,
(£) about right.
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TEC3ON IT-A

REVIET, LE3SOMS T--IV

We are uning the crac method of instruction, That is, w2 are engaged in mak-
ing an actual cycle enalysis of a real series of numbers, The numbers chosen were
annual stocli mirket averages for the past 100 years, but any other series of
figures vould have served.,

I kept “he prehblen dom Lo 100 nurhers in order to hold the arithmetic to a
minimm, On the other hr:ii), I fel® it neocessary to have at least 100 numbers to
work with in order %o illusirate the verious principles involved,

I told you that the first stap in e cycle analysis was to chart the data on
retio scale. To mo're snre that you understood all abtout charts and charting, and
particularly about charting on ratio feale, we ponsed to cover this subject suf-
ficiently for the pirposes of cycle pnelysis.

In charting “he stock marliet averages e discovered that they evidence trend.
I told you & little about *the 7arious "ays in wiiich trend can be definitizeds In
particular I teld you thot the vay to defiritize trend for purposes of cycle
anelysis wins to corpute a moving evereme of more or less the seme length as the
length of the cycles you wish to study. I also told you that the trend, so
definitized, rust bLe removed,

As al) of this inv-lves sritimetic we paused briefly to review the use of
numbers, including logarithms.

I then tcld vou in detcil hew ty corpute a moviny average trend. Then I told
rrou how to remove it,

£opling all of this to our stnck narket averascs ve obtainad a series of
values, (deviatiens of +hn 1ngs of the “ata from thelr 9-year moving average
trend), suitabie for cycle anadysis. {S. &~ 2. C, A.,, T, S.-1, Col. D, and S. &
P, €. A., Chart 4).

We arc now ready ho stuly thase fizurns and this chart fer rhythmic (i.e.
repetitive) cyecles of 7, 3, .. 10, or 1i yeors in length.

These first four lessons have pos2d a bit of a problem for me, as the persons
taking the course lowe hol wery diffcrent training in statistics. Some are com-
petent statisticiaus. To such, mich ¢ thess four lessons rust have seemed
childishly obvriovs., Scva, howeves, kacir nothing of statistics. For them it must
have been piratty hard, “er we have cevered in feour lessons what, in a college
course in statisties, veuld lave talksn about 1/5 of a half-year course, The net
of it is thnt probadly no one ‘s vutisiicd,
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From here on, howvaever, it will Ye ner ground for most of you. The lessons
wvill therefore bear unon you rmich more uniformly.

The subsequent stews of your cycle analysis are, for each cyele present,
(1) to find its length, (2) to definitize its shape, (3) to evaluate its signifi-
cance {i.e., to try to ansver the guestion, how easily could it be the result of
random forces), (&) to adjust the data to remove the cycle as a basis for finding
other cycles, or finding secular trend, and (5) to project the cycle into the
future (either alone or in combination vith other cycles and/or with trend).

Now all these steps (except finding cycle length, and evaluating the sig-
nificance of the cycle) are quite commonnlace statistical procedures,

They are discusscd in a general sort of way in any good textboolr of statis-
tics under thc hending of seasonal variation. (Seasonal variation is merely a
12-month cycle.

Assignment

Therefore, as your assignment, please read Spurr, Chapter 16, page 356, down
to "Business Cycles" on vage 376. This will help you to get ready for a more
refined application of the same principles to cycles of other lengths.

2xcept for incidental references ve are nov through with Spurr, Kellogg,
and Smith.
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LESSON IV

Supplement 1

THE GLOSSARY
One student wrote in objecting to the work involved in preparing the glossary.
I don't blame him a bit. I, too, find that sort of thing an-awful bore.

However, I had several reasons in mind in asking the questions.

1. I felt that if you really knew your stuff you would write the answers out
of your head in short order.

2. 1 felt that if you had to look the answers up in the text, you needed to do
the extra work in order to get the subject matter in hand--or should I say
"in head?"

3. I felt that if you had studied the text thoroughly it wouldn't be too
hard to find the answers in the book. However, I mixed up the terms to be defined
80 that if you hadn't studied the text you would have the heck of a time to find
the answers--and would absorb quite a bit in the process.

L, I felt that the actual writing of the answers would help fix the meaning
of the terms in your mind. It does for me.

5. I felt that if you got any of the answers wrong it would give us a
chance to set you straight.

These are the reasons I asked the question. But maybe it wasn't such a bright
idea. What do you think?
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Lesson IV
Supplement 2
The Log

Questjon: Is it essential that a log be kept? This is one form of record keeving
vhich I specifically abhor and have consistently found to be of little value,
usuallv serving only to distract attention. But then nerhaps I am only rationali-
zing for the benefit of my laziness.

Ansver: I hate keeping logs as much as you do, or more. Just betireen us, I'll
adnit I often skip keeninz a log; but when I do I alvays regret it.

A cycle analysis talzes so many sheets of paper and involves exploration in so
nany different directions that it is alnost impossible to keep in mind everything
you do, and wvhy you did it, and vhat Yyou concluded from hwing done it.

Uhen you pick un the work 6 months, or a yeor, or 5 years from nov and see,
let us say, a 5.5-year periodic table and a 5.6-yeor periodic table of the same
series of firures you vill ask yourself "Vhat lend me to malze each of these tables?
Vhich did I male first? Vhich did I conclude war the better? Uhat I was lead to
do next? What other cycles did I get hints of from a study of this todle?"

If you do not hove a log vhich explnins all of this it sometimes takes hours to
discover the ansvers,

Vhat a blessing it is to look back to old vork and to find a well written log
th~t gives the ansvers to all these and other similar questions! I assure you it
is worth the trouble. lhen I do it I am alvays glad; vhen I fail to do it, I am
alrravs sorry.

At the very lenst, note on each time chart or periodic table:

1., The date vhen the worl: was done.

2. Uhat lead you to make a talle or chart of this particular length.

3. What you saw in the t~ble or time chart requiring further investigotion in
other directions.

L. Vhat you concluded from the table or chart.

5. The next step indicated by the table or the chart.

Tris inform~tion is, I would soy, the bare minimum requirement.
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LEssou 1V
Supnlement 3
COIPUTING PFR CENT OF TRITND
Question: Pleare= tell me if the feollowirng statements are true.

The teyms in Cclumn C' - O-year noving average of "B'" ~ are the trend values
of the years.

The terms in Column "3" - Loss of "A" -~ are the values of the data for the
years.,

Therefore. to conrute thz terrs in Column D - the per cent of trend - the
equation becorer 1073 equols $ of trend.
( 1

Erample: the term for 2858 cjuals }}§%3§§%99, or 93.5%

Answer: Your statcuents a2 trvz: - ip to a point. That is, you do compute the

——— ——

percent of trenl, a~ you have illv~trated, II' you are using natural numbers.

But here you zre u~sirg *tbe lozc of the nimbers. You will remember that in-
stead of multiplyir~ (a3 witl nmunb-rs) vou add the logs. And if you want to
divide the nuwors, but are usict leos, then you must subtract.

Using th» fipuvos for the yeur 1858, ard using a formula for computing per
cent of trend {in logs) you 3ot this corcutation:

11,161 plus 2.0C0) less 1.0%Y canals 1,919

2.000 is the Gor oF 100. S0, insterd of multiplying 1161 by 100, von must
add 2.000 to 1.26G.. Because 1.1ol 15 a lug. And, instead of dividing by 1242 you
must subtract 1,7472.

If you vant to kacu what this is in per cent, then you look up the anti-log
of 1.C19.

Or. to stote tha matter onothsr wa-, you compute Column D by adding 2.000
to the figures in Columa B, aud subirocting the figures in Column C* for each
year.

The ansters will fluctuate above and below 2,000 - just as they would fluct-
uate around 109 if exresscd in posccntages.
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LESSON V
CYCLE ANALYSIS
A, HOW TO MAKE A CYCLE ANALYSIS OF A SERIES OF NUMBERS=AN OUTLINE

How do you make a cycle analysis of a series of numbers?

The complete anaweu"to this question will take all the rest of this course.
However, at this point, it may be helpful to introduce, for purposes of orienta-
tion, ‘@ brief outline of procedure.

Do not be dismayed if the outline is largely incomprehensible to you at this
stage of your study, Before you will understand the outline fully, you will have
to cover the rest of the material, At this time get what you can from the outlinej
then come dback to it,.

To make a cycle analysis of a series of numbers, you must do five thingst
Iirst, you must prepare your figures, chart them,etoc.

Second, ylou must get a hint of a cycle that may be present,

Third, you must find out all you can about this cycle,

Fourth, you must come to an opinion in regard to the significance of this
cycle, You must accept it as a probable reality, or reject it as probably due
to random forces,

Fifth, you must see if there is a hint of another cycle presenty if so, you
must go through the sape steps all over again/

‘This process must be continued until all the important cycles present have
been discovered, studied, characteriged, and evaluated. You have now completed
your cycle analysis,

If, following your analysis, you adjust the original figures for the combined
effect of all the accepted cycles, the remainder will be a combination of the
trend and the sporadic or non-cyelic fluctuations (including in this category the
undiscovered cycles, if any, and the introduced artifacts or errors). To these
figures you can fit a trend which you can project with due caution, You can then
wrap a projection of the discoveredand accepted cycles around this trend to show
what will happen, except for nonecyclic fluctuations, if the trend and cycles
continue as determined.
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Bs A DETAILED OULTINE

Now, let me expand the above summary into a more detailed outline of eighteen
stepst

1, Be sure your data are accurate and are as homogeneous as possible,

2, For serious work you should next convert your data to logarithms, (For
purposes-of preliminary reconnaissance you may omit the conversion to logarithnms,)

3. Next, you should chart the logarithms on arithmetic scale. (If you have
decided to proceed without converting to logarithms, start your analysis by
plotting your data on ration scals,) -

ke Inspection of your chart will tell you what to do sbout adjustment for
the growth factor and will indicate whether you should start your analysis with
the investigation of long cycles, short cycles, or cycles of medium length.

The terms long and short refer to the length of the series being analysed.
When dealing with a thousand years of tree ring widths, the long cycles might be
those over one hundred years in lengthj dealing with a year of daily stock market
figures, the long cycles might be those longer than a month or so,

Inspection of your chart, or one of the single adjuncts to the inspection
which will be described,in Lesson VI, may, even at this stage, give you & hint of
one or more rhythmic cycles,

If your dats are characterized by growth, your next step will be to
estab tentative values for the growth factor; that is, to find "trend.,"

Trend is a very flexible concept. There are many trends, The trend that you
choose will be determined by the length of the cycles you wish to investigate
first, For short cycles or cycles of medium length, you will probably use a moving
average trend, or you may decide upon one of the so-called mathematical trends to
be discussed later,

It should be emphasized here that the trend used for cycle determination is
probably not the trend that will ultimately be used for purposes of projection,

6e You next express your data as differences from trend (if you have converted
to logs) or as percentages of trend (if you are using raw data) in order to obtain
what are called departures or deviations,

This process gives you data adjusted for growth, It eliminates, or at least
minimizes, the distortions due to growth, (This is the place we are now in the
apalyeis of stock market figures,)

This step may ba a mnecessary prerequisite for obtaining hints of rhythm. Or,
if you have already obtained a hint of a rhythm (Step L), this step may be a stage
in the process of isolation and evaluation,
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7o If you do not already have a hint of a rhythm, you should now, in the data
adjusted for growth, attempt to find one, This is almost always done either by
ingpection or by one of several simple supplemental methods.

8. If no rhythms are suggested by inspection or by the simple aids to in-
spection which will be described, you should manipulate the datea in such a way
as to minimize certain rhythms and the random elements and to leave certain other
rhythms relatively unaffected. This process is called filtering.

9. When you have a hint of a rhythm, you should then determine, as exactly
as possible, the typical (a) length, (b) timing, (c) shape, and (d) amplitude
(strength) of the cycle. That is, you idealize the rhythmic cycle into a true
periodicit (a curve which repeats with perfect regularity). This process: is
callec Isofating the cycle.

10, You should then attempt to determine the significance of the periodicity
which you have isolated.

11, TYou then adjust the original data or the deviations, or both, for the
effect of the isolated cycle.

12. You now proceed to discover, isolate, and evaluate a second cycle, For
this purpose you use (a) the original numbers and/or (b) the original numbers
adjusted for the cycle already discovered, and/or (c) the original deviations,
and/or (d) the deviations adjusted for the cycle already discovered.

13, You continue this process as many times as may be necessary in order to
find all the significant cycles in your series of numbers,

1. You then project into the future each isolated periodicity.

15. You then compute the combined effect of all the cycles which you have
accepted as probably significant.

16, You then adjust your original data for all these cycles.

What is left is (a) true growth trend, (b) any random fluctuations, that may
be present in the original data, (c¢) any cycles not yet isolated, and (d) any
distortions you may have introduced by erroneous adjustments,

17, To the residual obtained by Step 16, you now fit the nearest possible
approximation to the truth growth trend, You then project it mautiously a short
distance into the future,

18, You now synthesize (combine) the growth factor obtained by Step 17 with
all the cycles which you have accepted as probably significant to obtain a com-
posite curve (a) to compare with the actual figures with which you started and
(b) to project into the future,

The light that this projection will throw upon actual futurs behavior will
depend upon the extent to which your isolated periodicities represent the effect
of real periodic forces which will continue, and the extent to which such forces
govern,
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C. SOME BASIC CONCEPTS

At this point, at the risk of a little duplication, I would like to use this
section to explain some basic concepts which you will need to keep in mind when
you come to look for cycles.

The present section will cover the following ground:
1. The Purpose of Cycle Analysis.
2. The Concept of Time.
3« The Forces Creating Time Series.
ke Synthesis--The Combination of Growth, Periodic, and Random
Components.
5. Analysis--The Separation of Orowth, Periodic, and Random Components.
6. The Concept of Rate of Change,

1. The Purpose of Cycle Analysis

As I said in the introduction, it is the purpose of tycle analysis to detect,
isolate, and determine the significance of the cycles (rhythms) in a series of
nurbers--usually a time series, The significant cycles so detected and isolated
can be projected to throw light on the probabilities of the future.

As you doubtless remember, a series is an arrangement of numbers one after
another, according to some fixed plan., When the numbers are arrgnged according
to time occurrence, the resulting series is called a time series, The numbers
that make up a series are called the terms of the series, They are also called
items or data.

Cycle analysis (rhythm analysis) is concerned almost wholly with time series.
2. The Concept of Time

Time flows evenly, However, the figures with which you deal do not
necessarily represent this fact.

For example, in dealing with daily price quotations you will often find that
no values are available for Saturdays, Sundays, and holidays, -or for days when
the exchange is closed. Values for such days must be estimated and interpolated,
(Interpolate means to insert between,) Thus, if the olosing price for Satiérday
is 10 and the closing price for Monday 4s 12, you will have to estimate the
closing price for Sunday. It would be ll. t'l‘en, the price for Saturday plus 1,
half the difference between Saturday and Monday prices, equals 11, We use half
the difference because there is a two-day interval involved,)

If the close for Friday is 12, and there is no quotation for Saturday or
Sunday, and if the price for Monday is 10, the estimated price for Saturday would
be 11 1/3, for Sunday 10 2/3. (12 minus 2/3 for Saturday, 12 minus 2 times 2/3
for Sunday.) If the exchange is closed for a week and a day all eight values
must be estimated and interpolated,
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Your data must alvays represent points of time that are approximately equi-
distant. lMissing hours, days, weeks, months, or years must aluays be interpolated.

I used the word gpnroximately in the above paragraphs because exactly equi-
distant time intervals are not always available or necessary. For examile, a
Saturday noon close would be only 21 hours after a Friday close, instead of 24 hours
as wve wvould 1deally like to have 1t, but it is the best we have and it is good
enough for all practical purposes. The average price for Jamuary represents a point
in time a little more than 1/24 of a year after the beginning of the year because
January is a little longer than an average month), but the error is small and un-
imnortant. ‘

On the other hand, monthly production figures are often distorted enough by
the different mumbers of days in a month so that, for the discovery of short term
cycles, suitable adjustments have to be made. One way to do this is to divide the
total production for each month by the number of working days in that month in
order to obtain an average production per day. Such figures would be comparable
vith each other. Another way to adjust is to prorate the monthly production
figures up or down to compensate for variations in the length of the work month.
Examples of each method follow:

For the first three months of 1953 a plant produced 12,000 tons in January,
11,000 tons in February, and 11,000 tons in March. If the plant works 5% days
a week it will work 233 days in January, 22 days in February, and 24 days in March.
The average daily production for these three months will be 510.6, 500.0, and
458.3 respectively. These figures are obtained by dividing 12,000 by 233 for
January, dividing 11,000 by 22 for February, and dividing 11,000 by 24 for Harch.

As an example of the second method in prorating the monthly tonnages con-
sider the following circumstances: a company works every day in 1953 except the
five standard holidays, Sundays, and half-time Saturdays. This gives a total work
year of 282 days. The typical work month should therefore be 23% work daye long.
If the company produced 12,000 tons in Jamuary, 11,000 tons in February, and
11,000 tons in March you would get the adjusted production by dividing the tomnage
by the actual number of work days and multiply the daily average tlms obtained by
23%, Ve would therefore obtain the following ad justed monthly tomnages. Jamuary
12,000 (12,000 & 23% x 233); February 11,750 (11,000 & 22 x 23%); March 10,534
(11,000 = 24 x 233). These adjustments change the monthly values with which you
started into truly comparable twelfth-year values.

The same principle applies in theory to sales figures, but I have found that
in practice it does not work out that way. In momy companies thare is a tendency
to force more bills into short months. In such instances connecting for the
length of the month on the above basis may do more harm than good,

In connection with this matter of time, it should be apparent by now that the
time units with which ve deal are relatively unimportant. <hat is, looking for a
6-month cycle in monthly figures involves exactly the same procedures as looking
for a 6~year cycle in anmual figures, or a 6-day cycle in daily figures.
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It would be awkward throughout the course to refer each time to daily, weekly,
monthly, and annual numbers. I shall therefore simplify the exposition by refere
ring to one kind of number at 2 time leaving it to you to realise that what is
said of monthly numbers by way of illustration would apply equally to numbers

representing seconds, hours, days, or weeks, or numbers representing years,
decades, or centuries,

3+ The Forces Creating Time Series

In comnection with your study it will be helpful if you realise that any time
series may be influenced by (a) h forces, snd/or (b) periodic forces, and/or
(c) random forces, in eny combination, 1In addition, any t% series expressed in
dollars (for example sales in dollars) is influenced by changes in price. Price,
in turn, is influenced from time to time by inflation. The combination of ell
these forces creates the events which are recorded by the time series.

(a) Growth Forces.

The term growth forces refers to the forces, whatever they are, which meke
time series increase or decrease gradually over a period of time., Growth may be
positive or neggtive. Positive growth refers to gradual increase over & period of
time. Negative growth refers to gradual decline over a period of time, Some time
series are not influenced by growth forces at all--for example, barometric pres=-
sure.

That part of the behavior of a time series which results from the growth
forces acting upon it is called, interchangeably, the growth element, the growth

component, or the growth factor.

The growth factor is often called the growth trend. Ag you mow, trend means
the prevailing tendency or direction. In statistics It refers to a curve which
changea its direction slowly, or to the series of numbers which the curve repre-
sents, . The underlying growth is called secular trend, from a Latin word meaning,
among other things, an age or & century,

The growth element of a time series needs but 1little discussion, The popula-
tion of our country increases gradually over the years. The population of your
town may:also be increasing--or may be gradually on the decline (negative growth).
Your business is doubtless growing, The government is growing, Taxes are growing.

- The figures with which you are working must usually be adjusted for growth
before you can find and/or isolate the rhythmic tendencies which gre present.

(b) Periodic Forces

The term periodic forces refers to forces, whatever they are, which influence
8 time series to fluctuate in regular waves or oscillations, The force that tends
to make the winter cold and the summer hot is a periodic force.

A time series may be influenced by two or more periodic forcea at one and the
sgme time, Consider the tides. A time seriea representing water levels in New
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York harbor is influenced by one periodic force which results from the rotation of
the earth, another periodic force which results from the rotation of the moon
around the earth, another periodic force which results from the eccentricity of
the earth'!s orbit, and other periodic forces as well, all periodic forces acting
conourrently. :

Although, strictly speaking, a periodic force is perfectly regular, it will
be convenient, later in the course, to extend the meaning of the term to include
forces that change their periodic characteristics gradually, Such forces may
become stronger or weaker or have a wave length which increases or decreases over
a period of time, Such forces usually offer no insoluble problems to the cycle
analyst, as long as the irregularities behave in a regular way.

Ag this point it may be well to review the definition of the words cycle,
rhythm, periodicity.

The word cycle comes from the Oreek word meaning circle, Hence, in its most
general meaning, it refere to a complete sequence of events, returning to the
original state. Insects, in their life cycle, go through the states of pupa--
larva--adult and then to the next generation, pupa again. In the businsss cycle,
we have a succession of events starting with depression, recovery, boom, recession,
and depression again, In the cyele of the seasons, we have spring, summer, fall,
and winter-~and spring again,

The word cycle, by iteelf, does not imply 55% uniformity of time interval for
the course of events, One business cycle may be three years from depression to
depression., The next may take seven years to go through the same sequence of boom
and bust,

When you want to imply uniformity of time interval you should use the word
rg'ihm, from a Greek word meaning measured time, If you speak of the rhythm of
usiness, for example, you would imply that depressions or recessions come at more
or less equal time' intervals., This course is primarily concerned with rhythm.

It really should becalled Rhythm Analysis,

The word cycle, preceded by a term to indicate a time interval, as a é-year
cycle, is often used to mean a rhythm of the indicated length.

The word periodicity refers to the state or quality of being regularly

recurrent, i.e,, periodic,

Thus yon have three words to describe the regularity with which a succession
of events repeats: )

Perfect regularity--periodicity.

Tending tcward regularitye-rhytim,

Mere coming around again to the place of beginning with no necessary
regularity--cycle. But the word cycle is often used popularly
in the other two senses, as well, When you hear or read the
word cycle you have to judge by the context whether it is being
used strictly or in the popular sense of thythm or periodicity.
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That part of the behavior of a time series which results from the periodic
forces acting upon it is called, more or less interchangeably, the periodic
element, the periodic component, or the periodic factor.

The word factor means any of the elements or quantities which, when multi-
plied together, form a product. The fact that the various elements of a time
series are ordinarily multiplied together explains why they are often called
factors.

Some time series are not influenced by periodic forces. But many times
serigs which you would not expect to be influenced by periodic forces act as
if they were influenced by such forces, as you will presently see,

(¢) Random Forces
Random forces are haphazard forces.

There is no infinite variety of random forces, such with their own charactere
istics, If you put into a hat 100 cards numbered 1 to 100, draw at random, and
plot on a chart the various numbers you draw, you will get one sort of curve., If
ten of your 100 cards are numbered 1, ten are numbered 2, ten are numbered 3, and
80 on, up to ten cards numbered 16, your chart will be quite different. Within
the framework of their characteristics, however, random forces are unpredictable,
and 8o of course are the fluctuations which they cause in a time series,

Random fluctuations may happen to come at more or less regular time intervals,
but if they do it is merely by chance. The regularity will not continue, except
by chance., .

That part of the behavior of a time series which results from the random
forces acting upon it is called, more or less interchangeably, the random element,
the random component, or the random factors The term random factor being more
strictly reserved for those situations where the elements aremnied together,

Ls Synthesis-~The Combination of Orowth,,Periodic, and Random Components

I think 4t will help you to know how to look for cycles, and how to break a
curve down into its component parts, if we start with thesis, Synthesis is
the process of putting things together., When the characteristics of each part of
the synthesis are known, such a synthesis-consists of controlled data,

If your controlled data consist only of random numbers you know that the
oycles which may be present are random. If the controlled data consist in part
of periodic components you know that a significant cycle is present, even though
it may be too faint to be detectable.

Once you know about putting the component parts together into a synthesis,
the reverse process--analysis--is duck soup.,
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Growth, periodic, random price, and inflation components can be present in a
time series singly or in any combination. In the following sections we will work
out some examples to show the synthesis or combination of various components as
followe: (a) growth and random components, (b) periodic and random components,

¢) two or more periodic components, (d) growth and periodic components, and
e) growth, periodic, and random componentss The matter of price and inflation
components will be discussed later,

(a) The Combination of Opowth and Random Components.

Let us now construct a series of numbers which combines growth and random
components, This is done in Table 1. The components and their combinations are
charted in Fig 1,

Growth takes place in a variety of ways, as I have already told you., For
our example, however, let us use the simplést possible form of growth, a series
of numbers increasing from month to month by a constant amount. The numerical
values of such a growth element are listed in Column A of Table 1 and are plotted
as Curve A in Fig. 1,

This particular set of random numbers was obtained by rearranging in random
order the amount by which the monthly sales of a manufacturing company were above
or below trends The random numbers so obtained are listed in Column B of Table 1
and are plotted as (urve B in Fig, 1,

Random numbers and the numbers representing growth can be combined either by
multiplication or by addition., For this example let us use the simplest possible
way and combine them by addition, placing the result in Column C of Table 1, and
plotting it as Curve C of Fig 1. (In real 1ife, you should combine by multiplica-
tiong, as we shall see in section (e) below,)

(b) The Combination of Periodic and Rgndom Companents

For our second example to illustrate the synthesis of the basic elements of
which any time series may be composed, consider several combinations of periodic
and random elements, as computed in Table 2 and plotted in Fig, 2.

Here again, for the sake of simplicity, and to enable you to follow the
arithmetic as easily as possible, the two components have been added,

Note that the combination of a perfectly regular periodicity and a series of
random numbers creates a rhythm--a succession of ups and downs which repeat with
e beat,

Before starting to discuss. periodicity we are going to need some explanation
of terms as follows?

A wave is ore complete undulation or cycle of a periodicity or a rhytim,

The top of a wave is the highest point of the wave and is called high, top,
orest, peak, interchangesbly.
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The bottom of a wave is the lowest point of the wave and is cslled low,
bottom, trough, valley, interchangeably.

Amplitude is the height of the top of & wave above the horisontal axis, or
the depth of the bottom of a wave below the horizontal axis. When it measures
the height of the top above the axis it is called positive amplitude, When it
measures the depth of the bottom below the axis it is called negative 1itude,
The vertical distence from top to bottom is called the overall amplitude, It is
sum of the positive and negative amplitudes, disregarding sign.

The axis is a straight line, real or imaginary, around which the parts of a
wave are symmetrically arranged. Axes can be either (1) horizontal or (2) verti-
cal but in cycle analysis the word axis refers to the horizontal axis unless
specifically indicated otherwise, :

The Jength of a regular cycle (periodicity) is measured (a) from the top of
one wave to the top of the next, or from some other fixed point such as (b) the
bottom of the wave or (c) the place where the curve crosses the axis in an upward
direction in going from left to right (upward crossing), or (d) the place where
the curve crosses the axis in a dowmarﬁ?rection going from left to right
(downward crossing). Wherever you choose it, the fixed point for ° starting a
wave is called the epoch. Astronomers and physicists generally take the upward
crossing of a curve as the epoch. Business statisticians, biologists, and climae
tologists usually take either the top of the wave or its bottom as epoch.

The term period is usually used in scientific writing to designate the inter-
val of time required for periodic motion or phenomena to create a cycle and begin
to repeat itself. Whdn you are dealing with a rhythm instead of a true periodie-
city, the interval of time from epoch to epoch, of course, differs from wave to
wave, However, the various waves have an aversge lengths This average length is
called the period of the rhythm,

Having got these definitions out of the way, let us proceed. You will remem-
ber we were about to combine periodic and random components.

The random nubers are listed in Colurm A of Table 2, They are the same
random numbers we used in Table 1,

To the series of random numbers let us now add, in sequence, the successive
numerical values of a perfectly regular sigzag shaped cycle with a period or
length of eight months and with a strength or amplitude of 4. The successive
values of this periodicity are recorded in Table 2 in Columm B, The sum of the
random numbers and the periodicity is recorded in Column C. Curves charting
these various values are plotted in Fig., 2, Cprves A, B, and C, respectively.

- Let us now add to the random number with which we started (Column A) a per=-
fectly regular periodicity with an amplitude of 20 as posted in Colwm D, putting
the sum of the random numbers and the periodicity with an amplitude of 20 in
Colum E and plotting the values of both Column D and Colum E in Fig. 2 as Curves
D and E.
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Similarly, to the random numbers we will add 8-month cycles with amplitudes
of 40 and 80 respectively as recorded in Columns F and H, posting the results in

Column G and I, and plotting each pair of curves in Fig. 2 as Curves F and G, H
and I.

In each of the composite series just constructed (composites of random mum-
bers and a true periodicity) and in the curves charting them, nsmely, C, E, G,
and I, you know there is an 8-month cycle. You know this because it is there by
construction, BEach of these curves, therefore, looks the way a real series of
events vould look if it were influenced simultaneocusly month by month by random
forces of the indicated magnitude and characteristics and by a perfectly regular
8-month cycle.

A perfectly regular cycle plus random numbers gives us a rhythm--a tendency
toward regularity. In Curve C of Fig. 2 this tendency is so faint that you are
better at seeing cycles than I am if you can see any 8-month cycle in the compo~ -
site. On the other hand, if you cannot see that Curve I of Fig. 2 goes up and
down with rhythm or a beat, you had best stop at this point until you can see it.

You should study the composite Curves C, E, G, and I in Fig. 2 to acquaint
yourself with what a real cycle of various relative intensities actually looks
like when obscured by random variation.

(c) The Combination of Two or liore Periodic Components ‘

Let us nov construct some series of mumbers which combine two or more period-
1Cc components.

To keep the arithmetic simple and easy to follow, let us make the combination
by addition. N

First let us combine 3-month, and 10-month periodicities, each of zigzag
shape, The pattern will repeat in 30 months (3 x 10 = 30).

Then let us combine 3-month, 10-month, and 14-month periodicities, all of
zigzag shape. The pattern will repeat in 210 months ( 3 x 5 x 2 x 7 = 210).

The computations are made in table 3 and are plotted in Fig. 3.

Additioral Examples. As the subject of synthesis and its reverse, analysis,
is so important, it seems desirable to include some additional examples. Consider
the synthesis of a pnerfectly regular 4-month cycle and a perfectly regular 6-month
cycle as illustrated, with the arithmetic, in Table 4 and in Fig. 4.

In this illustration the combination or synthesis is effected by means of
addition. The 4-month cycle, illustrated by Curve A, starts out at-{ L. Two months
later it reaches a trough at -4, an over-all move of eight noints in two months,
or four points per month.

The 6-month cycle, illustrated by Curve B, starts with the value of {3 and goes
down to a value of -3, three months later. This constitutes an over-all move of six )
points in three months or two points per month.
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The successive values of Curve A are 4, 0, -4, 0, #i», etc. The successive
values of Curve B are #3, {1, -1, -3, -1, {1, {3, etc.

The combination is effected by simple addition as shown in Table L.
Fig. S shows the combination of 3~ and U-year cycles.

In Fig. 5 the 3-year cycle starts out at #12, one and a half years later it
is down to -12, an overall move of 24 points in a year and a half, or 16 points
in one year.

Sixteen points dovn from #12 is % and therefore the value for one year after
base is —&; the value for 2 years after base is also -4; 3 years after base it is
=12 again, and so on.

The l-year cycle also happens to start out at f12. It goes down 24 points
in 2 years, or 12 points in a year. This gives one year after base a value of
0; 2 years after base a value of -12; 3 years after base a value of 0; 4 years
after base a value of {12, and so on.

To get a crude value for the combined effect of both waves, one merely adds
the two cycles together as shown in Table 5.

Fig. 6 shows the combination of 6- and 8-year cycles.

The 6-year cycle starts out at =20 and 3 years later has reached {20, 3 years
later or 6 years from the beginning, the 6-year cycle is down to -20 again. Thus,
in each year the 6-year cycle goes up or down 13 1/3 points. Consegquently, in
the first year after base its value is 13 1/3 points above ~20 or -6 2/3. In the
second year it has a value of #6 2/3, in the third year it has a value of §20,
in the fourth year a value of 46 2/3, etc.

The 8~year cycle shown also goes from =20 to #20 or an overall move of 40
points in four years, or 10 points a year. Consequently, one year after base,
this 8-year cycle is at -10, and two years after base, it is at O, three years
after base it is at £10, four years after base it is at }20. five years after
base at {10, etc. .

To combine these two waves crudely, you merely add these values algebraically,
as shown in Table 6.

For accurate work and especially where the waves are large, the values
should be expressed as vercentages and should be multiplied together. That is,
instead of adding 4204 to £20% and calling it {40%, you should get the value of
the crest of two 20 waves by taking 1207 of 120% which, of course, is 144%
({44%). Simllarly, the troughs of two 20 waves coming together would be 80% of
80% or 64%, (or -36%) of trend. You should wake similar computations for the
value of each wave at each point of your series.

(d) The Combination of Growth and Periodic Components.
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Let us nov construct a series of numbers vwhich combines grouwth and periodic
components.

For the grouvth element we could use a variety of curves, but, for simolicity,
we vill use a straight line trend as in the example combining growth and random
numbers, posting the values in Column A of Table 7 and plotting them as Curve A
of Fig. 7.

Our periodic component also could have any one of a variety of shapes, the
only requirement at this point being that vhatever the shape it repeat with
perfect regularity, time after time. I have posted the values of the periodic
components in Column B of Table 7, and plotted them as Curve B of Fig. 7.

The combination of growth and periodic elements in this instance, as in the
combination of growth and random numders, is made by simple addition so that you
can follow the arithmetic more easily. The result is posted in Column C of
Table 7 and plotted in Curve C of Fig. 7.

In numbers representing real situations, the various elements generally
combine by multiplication. That is, usually the growth element should be multi-
Plied dy the random element and/or the periodic element expressed as percentages.

The example just given, computed in Column C of Table 7 would, therefore,
have been more realistic if we had multiplied each value representing the growth
element by the corresponding value of the periodic element, expressed as a per-
centage, as recorded in Table 7, Columns D and E and plotted in Fig. 7, Curves
D and E.

Note that if you combine your elements this way (by multiplication) when the
growth element is small the periodic element has a small absolute amplitude;
when the grovth element is large the absolute amplitude of the periodic element
is large. However, plotted on ratio scale, the periodic element has a uniform
amplitude throughout the series.

If you vill stop a moment to think, you will realize that this conforms to
your ovwn experience. You start in the ice cream business. Your sales are $500
a month in winter, in summer 31,000 a month. That is, $500 a month more, or
double. The business grows. Ten years later your sales in winter are $5,000 a
month, in summer $10,000 a month. The periodic seasonal pattern increases in
proportion to the grovth--doudle in summer vhatever it is in winter. It does
not increase by a constant amount. It is not 3500 more in summer for example,
regardless of the size of the business.,

(e) The Combination of Growth and Periodic and Random Components

To complete the illustration, let us now combine all three elements, doing
it this time by multiplication as it should dbe done to get a result more nearly
in conformity with usual actual life experience. The comyutations are given in
Table 8, illustrated in Fig. B. Ve divide the product of growth, the periodic
factor and the random factor dy 10,000 because both periodic and random factors
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were expressed as percentages, vhich in each case introduce a distortion of a
hundred fold in the result. Ve adjust for this distortion by dividing by 100
times 100 or by 10,000--that is, by pointing off the answer four more places to
the left. If ve had expressed the periodic factor and the random factors as
ratios (by pointing each of them off two more places to the left) we would not
have needed to make this adjustment in Column D.

5. Analysis--The Separation of Growth, Periodlc, and Random Components

In the previous section you have been concerned with the synthesis or putting
together of the three basis components of time series. You will remember that in
any time series the three chief components are--or may be--the growth component,
the periodic component, and the random component.

In this section we will consider analysis.

The process of analysis is merely the reverse of the process of synthesis.
Where the combination of the components was made by adding you can take the com-

bination apart by subtracting; where the combination was made by multiplying,
You can take the combination apart by division.

In dealing vith controlled data the process is very simpls, because you know
in advance the characteristics of each of the components. The analysis of con-
trolled data is therefore merely, like synthesis, a matter of simple arithmetic.

In dealing with data from real life you have no such easy problem. You have
to estimate what the trend factor probably was. You have to estimate the pro-
bable length, shape, amplitude, and timing of the periodicities, if any, which
" are elements in the data, Further, you have to figure out how these various ele-
ments have combined--for example vhether by addition or multiplication, or in
some other way. (However, in the absence of evidence to the contrary, you can
assume combination by multiplication.)

Finally, you have to estimate the probability that the observed rhytlms are
the result of periodic forces which can be expected to contimue, or are the result
of random forces which can be expected not to contimue.

The rest of the section will outline in a general way hov to go about the
problem. Lessons which follow will go into detail in regard to nethods of
finding and isolating the periodic components.

(a) The Separation of Growth and Bandom Components

If you can be sure no periodic elements are present in a time series, the
separation of the growth and random components is quite easy.

YWith no periodicities present the growth factor can usually de determined
with a goda-deal of accuracy by methods which will be discussed later. It is
also relatively easy to estimate the way in which the random element and the N
grovth element combined--whether by addition or by multiplication or in some other
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way. To unscramble the two elements (growth and random) is then merely a matter
of adjusting each item of the combined series for the corresponding item of the
trend to get the random element as a residual.

Thus, if we take the combined series of controlled data in Table 1, and
adjust by eubtracting the known trend, we will zet the random element as a
remainder,.

However, except in controlled data I know of no wvay to be sure that a period-
ic component is lacking. It now looke as if economic affairs, weather, vopulation
growth, the incidence of disease, crop yields and many other Phenomena might be
subject to periodic fluctuations of one kind or another. We will got into this
matter more fully later,

(b) The Separation of Periodic and Random Components

Baving determined the characteristics of the periodic elements it is very
easy to remove the periodicity by subtraction or division. Such a calculation is
merely the reverse of the process we used above (Table 2) to combine them. The
random element is left.

(c) The Separation of Two or More Periodic Components

The proceas of separating two or more periodic components, like the two
processes named above, is merely a matter of arithmetic once the characteristics
of the periodic elements and the way they are combined has been discovered. In
fact, if you have but two components, you need to know the characteristics of dut
one. Yhen it is removed the other will be the remainder. Similarly, with three
components you need to know but two, and so on.

(4) The Separation of Growth and Periodic Components

In separating growth and periodic components you can remove the growth com-
ponent first, which will leave the periodic component as a remainder, or vice
versa. The only trick is to find out the characteristics of the components and
how they are combined. In the absence of evidence to the contrary you can assume
they are combined by multiplication.

(e) Separation of Growth and Periodic and Random Components
Thie example is the one that is nearest to the behaviors of actual life,

In controlled data, knowing the growth and periodic factors, and how they
are combined to form each value of the synthesis, you can subtract or divide each
value of the synthesis by the corresponding values of the growth trend and the
periodic elements to obtain the random component as a remainder (quotient). That
is, the process is simply the reverse of the process of synthesis.

From the above comments it should be clear that the process of analysis is
a very simple matter of elementary arithmetic, if you know the trend and/or the
cycle involved,
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The troudble is, in actusl life, you do not know either the trend or the
periodicities-~you have to find thenm.

The rest of this course will be largely concerned in telling you how to find
them, how to isolate them, and how to evaluate them.

6. The Concept of Rate of Change

When cycles are combined with other cycles and/or trend we often have the
eituation vhere the trend and/or the other cycles are more powerful than the cycle
in which you are interested. In such a situation the cycle may express itself
merely as alternation in the rate of change of the combined series. That is,
the combined series will go up faster and less fast, or go down faster or less
fast.

You will be given a problem to illustrate this fact.

If the trend and/or the other cycles are stronger than the cycle in which
you are interested, your cycle simply cannot come through to a crest. It will
express itself merely in rate of change. :

Conversely, when you are looking for cycles in a curve (or a series of
numbers) which increases or decreases rapidly, you do not look for crests and
trouzhs or even areas of high and low, but for periods of more rapid rates of
growth followed by periods of leass rapid rates of growth.

* % % % ¥ %

- After you have studied this lesson and worked the problems you will have a
pretty good mastery of some of the basic concepte in regard to cycles. The next
lesson will tell you how to get hints of cycles in series of figures which may or
may not be influenced by periodic forces.
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, TABLE 1
A Series of Fumbers Representing a
Growth Component (Trend), A Series
of Random Yumbers, and their
Combination by Addition
(A) () (c) (1) (3) (c)

Trend plus Trend plus
Month Random random Honth Random random
mum- Trend Numbers (Col. A num~ Trend Humbers (Col. A
ber plus ber plus

Col. B) Col. B)
1 60 1 61 43 102 9 11
2 61 9 70 110 103 -11 92
3 62 15 77 4s 104 33 137
4 63 ~18 45 L6 105 =10 95
5 64 -20 L4y 47 106 L 110
6 65 8 73 48 107 -25 82
? 66 24 42 L9 108 -2 106
8 67 -3 64 50 109 12 121
9 68 2 70 51 110 -5 105
10 69 -8 61 . 52 111 3 114
11 70 =58 12 53 112 5 117
12 71 25 96 5% 113 4 117
13 72 66 138 55 114 14 128
14 73 8 81 56 115 -19 96
15 74 Y 57 : 57 116 13 129
16 75 6 81 58 117 =21 - 96
1?7 76 17 93 59 118 19 137
18 77 -19 58 60 119 -6 113
19 78 -1 77 61 120 -13 107
20 79 -5 s 62 121 12 133
21 80 -9 . 71 63 122 7 129
22 81 5 86 64 123 -27 96
23 82 -~ 78 6s 124 13 137
24 83 -9 7 66 125 5? 182
25 84 -58 26 67 126 «12 114
26 85 12 97 68 127 10 137
27 86 -8 78 69 128 6 134
28 . 87 42 4s 70 129 -3 126
29 88 26 114 71 130 61 191
30 89 =12 77 72 131 -19 112
31 90 -52 38 73 132 68 - 200
32 91 14 105 74 133 16 -, 149
33 92 -1 91 75 134 10 - 144
34 93 -8 85 76 135 -8 127
35 ol -21 73 77 136 3 139
36 95 11 106 78 137 19 : 156
37 96 -0 86 79 138 4 134
38 97 15 112 80 139 -2 137
39 98 9 107 81 140 -9 131
4o 99 30 129 82 141 14 155
4] 100 12 112 83 142 -7 135
42 101 -6 95 84 143 -18 125

2 33
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TABLE 2

A Series of Random Rumbers, Together with a Variety of 8-month Periodicities of
Jariovs Anylitudes, and Their Combination by Addition.

(a) (® (© (p) (E) () (0) (B) (1)

Sum of Sum of Sum of
random random rendom
Sum of An  numbers numbers numbers

An  random 8-month and the An and the An and the
8-month numbers cycle 8-month 8-month 8-month 8-month 8-month
cycle end the with an cycle «cycle cycle cycle cycle
Month Random with en 8-month eampli- with en with an with with an with an
number numbers empli. cycle tude ampli- ampli- ampli- ampli- ampli-
tude with of 20 tude tude tude tude tude

of 4 empli- of 20 of 40 of W0 of 80 of &
tude (Col. A (Col. A (Col. A
of 4 plus plus plus
Col. D) Col. F) Col. B)
1 1 0 1 0 1 0 1 0 1
2 9 2 11 10 19 20 29 4o k9
3 15 L 19 20 35 ko 55 6o 95
L -18 2 -16 10 -8 20 2 ho 22
5 -20 0 -20 0 =20 0 -20 0 =20
6 8 -2 . 6 =10 -2 =20 -12 k0 -32
7 -2l -k -28 -20 ~hh -ho =64 -80  -104
8 -3 2 -5 10 -13 -2 -23 _-40_ -3
9 2 ) 2 T 0 2 0 2 0 2
10 -8 2 -6 10 2 20 12 4o 32
11 -58 Y ~Sh 20 -38 40 -18 80 22
12 25 2 27 10 35 20 45 4o 65
13 66 0 66 0 66 0 66 (o] 66
1 8 -2 6 =10 -2 -20 -12 =10 -32
15 -17 -4 =21 «20 =37 L0 ST =80 -97
16 6 -2 " -10 -4 -20 -1k ko =34
17 17 0 17 0 17 0 17 0 17
etc.
2] 1L 2 16 10 24 20 3L Lo 54
83 -7 L -3 20 13 Lo 33 8o 13
8h -18 2 =16 10 -8 20 2 ko 22
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The Combination of 3- and 10-month Periodicities and 3-,
10-, and lhi-month Periodicities,
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()

()

(c)

(D)

(E)

Month 3-month l0-month Combination of 3-month lhi-month Combination of 3-month,

number cycle cycle plus lO-month cycles cycle 10-month, and lhemonth
cycles
l 6 10 16 14 30
2 ~3 6 3 12 13
3 - 2 -l >
L "'%_ K] i 2 6
g -3 -6 -9 .g -11
-E «10 «13 - «19
T =6 (o} «10 «10
8 -3 -2 -5 «1h «19
9 -% 2 «1 «10 -11
10 6 12 -6 6
1n -3 10 7 <2 5
12 -3 6 3 2 5
13 6 2 8 6 1y
14 -3 -2 <5 10 5
15 =3 -6 <9 15 5
16 6 =10 =k 10 6
17 -3 -6 -9 6 -3
18 -3 -2 -5 2 -3
ete,
82 6 6 12 2 1y
83 -3 2 <1 6 5
8h ~3 -2 -5 10 5
TABLE &4
A L-month Cycle, a 6-month Cycle, and Their Combination by Addition
(A) ()
Yomo, cycle 6-mo. cycle Combination by addition (Col. A plus Col. B)
Base Month N 3 T
2nd " 0 1 1l
3ra " -l -1 5
hth = 0 -3 -3
S5th b k «l 3
6th " 0 1 1
Tth -4 ~3 -1
Bth 0 1 1l

etet,
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TABLE 5

A 3-Year Cycle, a h-Year Cycle, and Their Combination by Addition

(A) () (c)
3-year 4-year Coz:bination by additi?n
cycle cycle Col. A plus Col. B
Bese Year 12 _—gé_- 25
2nd " -l 0 -k
3rd " <l =12 =16
kth " 12 0 12
Sth " <4 12 8
6th " -k 0 «ly
Tth " 12 «12 0
8th " =l (o] -4
9th " -l 12 8
etc.
TABLE 6
A 6-Year Cycle, en 8-Year Cycle, and Their Combination by Addition
(a) (8) (c)
6-Year 8-Year Combination by addition
cycle cycle (Col. A plus Col. B)
Bagse Year 20 20 =40
2na " -6 2/3 -10 <16 2/3
3ra " 62/3 - 0 6 2/3
hth " 20 10 30
Sth " 6 2/3 20 26 2/3
6th " -6 2/3 10 31/3
Tth " =20 (o] «20
8th " -6 2/3 =10 -16 2/3
9th " 6 2/3 =20 «13 1/3
etc,
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BEE LA
The Combina :ion of “rend and a Periodici:v b~ Adi%ion
. and_hv Iful inlica*ion,
(a) (3 (¢) (1) (T
Combina-
Combina-~ =ion of
8-mon‘h tion of trond and
cycle trend and 8-month cvcle by
tionth exmressed ercle by e7rcle multinli-
number Trend as mlus add1 ‘10n exoressed cation
and minus (Col. A as ver- (Col. A
values plus centazes times
Col. B) Col. D
& 100)
1 10 8 18 108, 10.80
2 11 i 15 104, 11.44
3 12 0 12 100. 12.00
L 13 _ 9 26, 12.48
5 b -8 3 02, 12.88
6 15 -4 11 96, 14,40
7 16 0 16 100, 16.00
8 17 b 21 0%, 17.68
9 18 8 26 108. 16.44
10 19 b 23 104, 19.76
11 20 0 20 100. 20.00
12 21 A 1V 96. 20.15
13 22 -8 14 92. 20.24%
) 23 -l 19 96. 22,08
15 ) 0 25 100. 24,00
16 25 Iy 20 104, 26.00
17 26 8 34 108, 28.08
e‘:c L]
82 o} L. o 104, al; 64
83 Q2 0 92 100, 92.00
8t 03 L ge 96. 89,28
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TABLE 8
Growth, Periodic, and Random Factors and Their
Combination
(A) (B) (c) (p)
Growth factor,
Periodic times perio-
factor Random dic factor,
Month Growth (en 8-mo. factor times random
number factor cycle) expressed factor,
expressed as per- (Col. A times °
as per- centeges Col. B times
centages Col. C
¢ 10,000)
1l 10 100.0 101.0 10.1
2 11 120.0 109.0 pL
3 12 140.0 115.0 19.3
b 13 120.0 8.0 12.8
5 1k 100.0 80.0 11.2
6 15 80.0 108.0 13.0
T 16 60.0 76.0 7.3 .
8 17 820 97.0 13.2
9 18 100.0 102.0 18.4
10 19 120.0 92.0 21.0
1 20 1ko.0 k2.0 11.8
12 21 120.0 125.0 31.5
13 22 100.0 166.0 36.5
15 24 60.0 83.0 12.0
16 25 80.0 106.0 21.2
17 26 100.0 117.0 30.4
ete.
82 1 120.0 1k.0 , 124.5
83 32 140.0 93.0 119.8

8l 93 120.0 82.0 91.5
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rig. 1. Growth Component, Random Component, and Their Synthesis
Curve A Trend.

Curve B
Curve C

Random numbers.
Trend plus random (Col. A plus Col. B).

This figure also illustrates analysis or the breaking down of a curve

into its parts.

If we had started with Curve C and adjusted for the
effeot of trend (Curve A), we would have obtained the random elements
(Curve B) as a residual. '

Source: Table 1, Lesson V
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Fig. 2. Continued on Page 25.
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Pig. 2. A Series of Random Numbers, Together with a Variety of 8-Month
Periodicities of Various Amplitudes, and Their Combination by Addition.

Curve A A Series of random numbers.

Curve B An 8-month cycle with an amplitude of 4.

Curve C The sum of the random numbers and the 8-month cycle with an
amplitude of 4.

Curve D An 8-month cycle with an amplitude of 20.

Curve E The sum of the random numbers and the 8-month cyocle with an
emplitude of 20.

Curve F An 8-month oycle with an amplitude of 40. .

Curve G The sum of the random numbers and the B-month cycle with an
amplitude of 40.

Curve H An 8-month cyele with an amplitude of 80.

Curve I The sum of the random numbers and the B-month cycle with an
amplitude of 80.

If we had started with eny of the combined cycles and adjusted for
the given oycle, we would obtain the random element, Curve A.

Source: Table 2, Lesson V
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Curve B
Curve C
Curve D
Curve E

A 3-month eoycle.

MONTNR NUMBER

Fig. S. The Combination of S- and 10-month Periodicities and 3-~, 10-,
and l4-month Periodicities. The Combination Was Made by Addition.

' Curve A

A 10-month oyole.
Combination of S-month plus 10-month cycles,
A l4-month oyole.
Combination of S-month, 10-month, and l4-month cyoles.

This chart, like Figures 1 and 2, illustrates analysis as well as
synthesis. If we had starfed with Curve E and subtracted Curve D we

would have odbtained Curve C.

Curve B we would have obtained Curve A.

If, from Curve C, we had subtracted

Source: Teble S, Lesson V
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Fig. 4. A 4-Month Cycle, A 6-Month Cycle, and Their Synthesis
by Addition.

The pattern will repeat at the end of 12 months.

Source: Teable 4, Lesson V
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Fig. 5. Regular 3-year and 4-year Cycles and Their
Combination.

The sum of the two repeats every 12 years. (After
Warren and Pearson.) . .

" Source: Table 5, Lesson V
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Regular 6-year and 8-year ocycles and the °

two combined.

The sum of the two repeats
every 24 years. (After Warren and Pearson.)

Source: Table 6, Lesson V
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Trend.
An 8~-month oycle expressed as plus and minus values.
The combination of trend and cycle b

An 8-month cycle e
The combination of
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Fig. 7. The Combination of Trend and a Periodicity by Addition and
by Multiplication.

addition.
ressed as percentages.
rend end oycle by multiplication.

Source: Table 7, Lesson V
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Pig. 8. Growth, Periodic, and Random Factors and Their Combination

Curve A Growth Factor.

Curve B Periodic factor (an 8-month cycle) expressed as percentages.
Curve C Random factor expressed as percentages,

Curve D Growth factor times periodic faotor times ranfiom factor.

This ochart, l1iXe the ones preceding, serves to illustrate the process
of analysis as well as the process of synthesis. When you divide
the values of Curve D by the corresponding values of Curve B and
Curve A you odbtain, as a residusl, the random numbers in Curve C.

Source: Table B, Lesson ¥
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Lesson V ~ Problems

Notei Please return these pages with the data filled in, along with the necessary
charts,

Problem 1. Ir this problem logs of controlled data are used. Two cycles are given
one four years long and one eight years long.

First: Combine the two cycles, Remember that cycles are combined by multi-
plication, which means that here you add the logs and subtract 2.000. Sub-
trecting 2.000 is the same as dividing by 100,

Second: Assume that trend is 2.000 4n the first year and increases by .0005
a year. Combine this trend with the two cycles. Space is provided below.

DATA
A B , c D E
Year Y_Year 8-Year Synthesis Trend Synthesis
Number Cycle Cycle 4 and 8 Cycles and
Year Cycles —_— Trend
1 2.000 2,004 2.004 _—
2 2.004 2.008 —
3 2.000 2.004 - —
b 1.996 2,000 -
5 2.000 1.996 —_— —_— —_—
6 2.004 1.992 _
? 2.000 1.996 —
8 1.996 2.000 1.9995
9 2.000 2,004
10 2.004 2,008 -
11 2,000 2.004 -
12 1.996 2,000 - - -
13 2.000 1.996 - —- —
14 2,004 1.992 _ -
15 2,000 1.996 - - -
16 1.996 2,000 ,_,___ A
17 2.000 2.004 _ - -
18 2,004 2.008 - - —
19 2.000 2. 004 - - -
20 1.996 2.000 - - —_—
21 2.000 1.996 —_— —_—
22 2,004 1.992 - — —_—
23 2.000 1.996 I — —
2 1,996 2,000 - —
25 2.000 2,004 - — —_
26 2.004 2.008 _ - —_—
27 2,000 2.004 - —_— —_—
28 1.996 2,000 - - —_—
29 2,000 1.996 - —_— —_
30 2.004 1.992 - —_ ——
3 2,000 1.996 - — —_—

32 1.996 2,000
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Problem 1 continued.

Third: Plot the data on an 8% x 11 sheet of arithmetic paper (enclosed),
You will have Curves A, B, C, D, and E to match the columns of data. Be sure
to use the same vertical scale for all the curves.

Question: In the 8-year cycle the top is 4 above the axis and the bottom

is % belowv the axis,

If these data represent an index of production, the index in the highest year
on record is .

Problem 2, These data are also controlled logs.

First: Complete the columns, performing any necessary computations.

DATA
Month 4-lionth 6dionth Synthesis 5-lionth Synthesis Synthesis
Numbers Cycle Cycle o & 6~ Cycle Lo & 5- 4o, 5-,& 6-
lionth Cycles llonth Cycles Month Cycles
2 2,004 1.998 2.005
3 2.000 2,001 2.001
[ 1.996 2.004 1,997
5 2,000 2.001 1.997
6 2,004 1.998 2.002
7 2.000
8 1.996
) 2,000
10 2.004
11 2.000
12 1.996
13 2.000
14 2,004
15 2.000
16 1.996
17 2.000 }
18 2.004
19 2.000
20 1.996
21 2,000
22 2.004
23 2,000 '
24 1.996

Second: Plot curves A, B, C, D, E, and F on an 8% x 11 sheet of arithmetic
chart paper enclosed.

Question: The value of the bottom of the 5-month cycle is , and it
occurs at the month.
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Problem 3. Following is a 4-wreek cycle and a series of random numbers. They are
expressed as per cent of trend.

First: Combine the cycle and the random series.

DATA
(Per Cent of Trend)
A B c
Veek L.Weak Random Synthesis:
Kumber Cycle Numbers Leex Cycle
& Random Numbers
1 103% 1109
2 100 105
3 97 90
b 100 103
5 103 95
6 100 110
é 97 93 e
8 100 93 —_—
9 103 85
10 100 93
11 97 103
12 100 103
13 103 90
14 100 93
15 97 103 —_—
16 100 110
17 103 110
18 100 110
19 97 110
20 100 105
21 103 90
22 100 110
23 97 90
24 100 110

Second: Plot Curves A, B, and C on 83 x 11 paper (enclosed).

Question: Although the bottom of the cycle is expressed as 974 of trend,
the actual bottom of cycles and randoms is 4 of trend.

What hapvoened to the cycle in Curve C?

Problem 4. There are two perfectly regular cycles to be combinded, Data are in logs.
The first cycle is 5 weeks long and has a.lva.lue at top of 2,025 in the second
veek. The bottom has a value of 1.975, 25 weeks later.
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Problem 4 continued.

It goes like thist

Veek Cycle Value
1 2.005
2 2.025
3 2,005
4 1.985
5 1.985
and repeat

The actual bottom of the cycle (value 1.975) falls half vay between position
Iy and 5.

The second cycle is 5.2 veeks long and has a value at top of 2.026 in the
second veek. The bottom of the second cycle has a value of 1.974. The
bottom comes 2.6 weeks after the top.

You vill observe that the 5.2-veek cycle inches ahead by .2 week ver cycle.
In tvo cycles it will have inched ahead .% week, in three cycles, .6 week,
and 8o on. 3y the time it has gone 5 cycles it vill hawe inched aghead a
vhole i;eek, Five cycles are, therefore, 26 veeks long. The pattern then
repeats.

It vill go like this:

VVeek Cycle Week Cycle Veek Cycle l/eek Cycle Week Cycle
Yalue Yalue Yalue Value Value

.1 2,006 6 2.002 11 1.998 16 1.99% 21 1.990
2 2,026 7 2.022 12 2,018 17 2.01% 22 2.010

3 2,006 8 2,010 13 2,01k 18 2.018 23 2.022

L 1,986 9 1.990 b 1,994 19 1.998 24 2,002

5 1.982 10 1,978 15 1.974 20 1,978 25 1.982

26 1.986

First: Set the cycles up on tabulation paper (enclosed). The first column
vill be for woek numbere., Column A is for the Setreel: cycle, Colunn B the
5.2«treek cycle and Column C the synthesis.

Continue until the combination has come around agzin to the position fronm
tvhich it started.

Second: Chart the twvo cycles and the combination on an 11x17 chart (paper
enclosed). Allov one space per veek on the chart, and contime the overation
until the combination has come around again to the position from vhich it
started, ’

Question: Does the above problem enable you to generalize regarding the
length of time required for tvo (cr mere) cycles to come around sgain to the
same phase relationship? If so, do so.
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Problem 5. On Friday, September 10, 1954, Bethlehem Steel closed at 76 5/8. On
lfonday, September 13th it closed at 79. Interpolate closing prices for
September 11lth and September 12th.

Problem 6. Combine the following:
A trend which starts at 2.000 and increases .003 per year, and

A It year cycle with an amplitude of f 001 starting at crest. In other vwords
cycle values will be 2.001, 2.000, 1.999, 2.000, and repeat.

Plot the result on arithmetic paper.

How long did 1t take you to study the lesson?
Row long did it take you to work the problems?

Is the lesson material clear? If not, underline in red the phrases or
sentences that were hard to understand.

Do you vant more nroblems?
Do you want harder problems?

Please keep us posted in regard to all these matters wath each lesson, so
that we can regulate the course to suit your needs and desires.
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LESSON V

Supnlement 1
COI BIBIFG CYCLES

Cnestion®

I can't secn to figure out the length of time reguired for two or more cycles
to come around to the same phase relationship. Can vou help me?

Angver:

Vhen cycles are comhired and the cycles are even periods of time, the least
common multinle of the lengths will be the time required “or the combination to
come arovnd asain Yo the place (position) of bezinning.

Thus we have, on page 11 of Lesson V:

3 times 10 times 14, or
3 times (s times 2) times (7 times 2), or
3 times 5 times 2 times 7 equals 210,

At the 211th month all the cycles will be at the point of beginning. This ie
the first time zfter mcnth number cne that this will hapven.

210 divided by 2 equals 70 )
" " 10 ecuals 21 ; times each cycle will be used
"‘ " " 14 equals 15 )
Or, take another casc¢ - combine cyvcles 2, 6, and 18 months long. Obviously,
it will take 18 montias before the combina‘ion repeats.

Now, when you have combinations involving cycles of fractional length, the
process is the same excent *hat feor the fractional cycle the factor is not the
length of the cycle, bui the time it takes for it to repeat itself. It takes 26
veeks for the 5.2-week cycle ia problem 4 to get around again to the point of
beginning. One of the factors is 26, The other factor is 5, the length of the
other cycle. 26 times 5 equels 130, the number of weeks before the combination
will repeat.

Take another casze:

Combine cycles Cycle will repeat Pattern will repeat
5.2 in 26 '
5.0 in 5 in 26 times 5 times 17,
3.4 ' in 17 ' or 2210

If this is not clear, piease write again.
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Supvlementing this ansuer. one student writes:

Problem:

Tron

ekie.-
tronies):

Appli-
cation®

Determine the secondary cycles that are gererated when twvo regular cycles
of different lengths are combined.

Vhen two signals of different frequency are combined two new frequencies
are generated:

(a) a frequency equal to the sum of the two original signals
() a frequency equal to the difference of the twvo original signals.

(Note that a 4-month cycle has a frequency of 1/b cycle per month)
A 4-month cycle combired with a 6-month cycle will generate—
(a) a cycle havins the frequenc” of 1/4 4 1/6 = 5/12

which means 5 cycles in 12 months or a 2.4-month cycle.

(b) a cycle having the frequency of 1/ ~ 1/6 = 1/12
which means a 12-month cycle.

Similarly a combination of 4 and 5-month cycles will generate a
20-month cycle and a 2.2-month (9/20) cycle.

Combination of 5 and 6-month cycles will produce a 30-month cycle
and a 2.7-month (11/30) cycle.
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1ESSON ¥
Supplenent 2
REVERSING €YCLBES

Yhen two cycles of closely related wave lengths are present at one and the
same time in the same series of figures they combine into what is kmown as a

compound cycle or a reversing cycle. The reversing cycle has a false length midway
between the lengths of the cycles which combined to create it.

As the two real cycles get closer and closer into phase with each other the
amplitude of the combination increases until the cycles are exactly together, at
which time it is at a maximum. The amplitude then decreases until, when the cycles
are out of phase, if their amplitudes are equal, the cycles practically wash each
other out. The cycles in combination then gradually reappear, but in reverse
phase (upside down in relation to their previous phase (timing).

Problem 4 of Lesson V asked you to combine 5.0~ and 5.2-week cycles. As you
may have noticed, the combination created a 5.l-vweek reversing cycle. That is, if
you determine the cycle length of the combination over the first half of the series
you created you will find it to be 5.1 weeks long. However, if you project a
perfectly regular 5.1-week .cycle onto the second half of your computation you will
find that crests come where the projection calls for lows, and vice versa.

The time required for two cycles to come around to the same phase relationship
is called the gynodic period of the two cycles. Physicists call the intermittent
strength resulting from the coming together of two cycles a beat.

When you find a reversing cycle you can determine the length of the cycles
vvhich may have created it as follows:

1. Count the waves from one place where they vanish (the node) to the next
such place.

. 2. MMultiply the number of waves obtained by step one by the false (apparent)
length. This procedure will give you the time span from node to node, 1. e. the
synodic period.

3. Multiply the synodic period dy tvo.

4. Divide twice the synodic period (as obtained by step 3) by twice the mumber
of waves between nodes plus one. This computation will give you the length of one
of the component cycles.

S. Divide twice the synodic period (as obtained by step 3) by twice the
number of waves between nodes minus one. This computation will give you the length
of the other component cycle.

Additional material in regard to reversing cycles, reprinted from Cycles of
December 1950 is being sent you herewith.
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—CYCLES-Report for December
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Fig. 1. Summation of 18-wonth and 15-momth sine waves for their full synodic period of 90 months.
Curve A shows the 18-month wave with an asplitude of 1.00 and the 15-month wave with an adplitude
of .00—that is the ]8-month weve all by itself. Curve I shows the 15-month wave all Ly itself.
Curves E to H inclusive show various cambinations of these two wave lengths with the respective
emplitudes or weight as indicsted in the right hand column.
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CYCLES II' COMIIODITY FUTURES
Question:

How do I go about finf'ng cycles in commodity futures?

Ansver:

The simplest way to answer your question is to say at the beginning, "I do not
know." I can, hovever, make some general observations:

Futures run for less than a year. If, in the early part ef the year, you wish
to have advance Imowledge of the inherent cycles——assuming this to be possible--it is
clear that you must base your knowledge on some other series of figures, for the
current future provides no experience to go on.

Even for the latter part of the futures year one has had only 6 or 7 months of
experience in that particular future. This length of time does not provide enough
repetitions of any usable cycle to throv much, if any, light on the last few months
of the futures dbehavior.

0f course, you could string a number of futures together into a chronological
series (vith gaps betveen the closing of one future and the opening of another). For
example, you could plot Hay corn 1948, follow this with liay corn 1949, follow this
with lfay corn 1950 and so on, bu’ such a series of figures would, it seems to me,
have no meaning.

First of all the futures for each separate year would refer to a separate thing.
The lHay 1948 futures consist of estimates made day by day from the middle of lay 1947
to the middle of llay 1948 of what corn will be selling at in liay of 1948. The lay
1949 futures consist of estimates, day by day, from May 1948 until lay 1949 of what
corn will be sellinz at in lay of 1949. Hence, the series is not homogeneous.

Bven if it were homogeneous the gaps would cause consideradble trouble. For
example, corn futures for llar 1948 closed in liay of'48 at $2.35. liay 1949 futures
opened in lay of 1948, a fev days later, at $1.65.

Another difficulty caused by the gaps is that the nev :Inture does not always
open immeliately after the closing of the old one. For example, corn for Zay 1954
closed (of course) in lfay 1954 but the corn future for May 1955 did not open until
July 1954, a gap of two months. This might not make cycle analysis impossible but
it would make it more difficult.

I think if I wanted to study futures I would plot (on log paper) all the diff-
erent futures (May, June, July, etc.) for the commodiiy in whieh I was interested,
one above the other, on a chart vhich also shoved the daily spot prices. I would
then study this chart to sec if a future knowledge of spot prices would be any help .-
to me in futures “1oling. if <o0,.I would.maks ny anxly-is of -spot yrices vhere - - -
homogeneous series of figures are available over a long period of time.

Incidentally, sveaking of corn reminds me that there are cycles in corn prices.
Samel Benner discovered a 5% yeur cjycle in these prices back in 1873 and it has
kept on coming true ever since. As nearly as I can measure it, its length is 5.55
years. ‘hat other cycles there may be in corn prices I do not know.
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Question:
Why are cycles not alvays equiamplitudinal?

Ansvers:
Because the axis isn't alvays in the middle! This isn't
& smart Alec answer, Its straight goods.

It isn't the cycle that's off, it's the axis or trend.
The question should really be, "Why doesn't the trend alvays
bisect the cycle?"

There are many answers to that one, depending upon how
you construct the trend. However, it is enough to say at this
point, that, if you wish, you can alvays adjust the trend up
or dovn so that the cycle will be equiamplitudinal.
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ABOUT PROBLEM 4

Comment: In actual practice there is only one reading per week for weekly data
this is the nature of the data.

In draving a chart of a wave with tops and bottoms which come between the
weekly readings, you can meke a flat top, or you can draw in the assumed peak or
trough - although you would never have a point to match in the data.

If you are starting with a curve vhich is a combination of two waves (the
end of this problem is usually the dbeginning of an actusl one) and are trying
to break it down into its components, you assume that in some cases the peaks
and troughs will come between the plots. You idealize the componsnt cycles on
this assumption.

Comment: When you are analyzing e time series you do not start with the ideal
vave, You might start with a line similar to Curve C in problem 4,

By the nature of weekly data you would have only one value per week and
. that 1is all you could plot, and you would plot these only at weekly intervals.

But in dreasking Curve C into its component cycles you could very well use
a2 vave of fractional length vhich assumed tops and bottoms between the readings.
In drawing & picture of such an idea) wave you would ordinarily show the top as
a peak regardless of whether it fell at the precise weekly time or not,
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LESS0N VI
HO." TO GBT FINTS OF CYCLZ

HOV TO MAKE A¥D US: THS TIIT) CHART

A. FO' TO GET KII™S OF CYCL"S

it is usually easy to find rhythm in a chart of a series of mumbers, or even in
the numbcrs thenselves,

Uhat to Look For

A study of the curves so far presented vhere we kpnow a true periodicity is pre-
sent--becarre ve introduced it by comstruction--gshous us vhat to look for when ve
exarine a series of firvres of actual evente vhich may have been influenced by
rh-thmic forces--or mav not.

Creles ordinaril+ increasc graduslly over a period of time and then gradually
decrcase arain. Ordinarily they are not sudden upsurges and downsurges.

lloreover, cvcles are ordin~rily pulled one vav or the other and for pointed up
by random elements and by other cvcles. Threrefore, you cannot expact perfect regu-
larity, or exmect the cycle to prevail consistently. Turn bdack to Lesson V, Figs.
2,3, 4,5, 6, 8 for examples in controlled data of a true periodicity distorted
by other periodicities and/or random mumbers. :

The thinz to look for is the parfactly resgular patterns (periodicitics) to
which the uns and downs of vour tine series most mearlv conform. This ie tle con-
cept for lack of wl_tich many cycle students have gone wrong.

To illustrate, supnoce you h-ve a time series vith the follovinz vaiues for
gucceasive vears: O, 1, 0, -1, 0, 1, 0, -1, ", 1, 0, -1, -1, =i, =2,'-1, 0, 1, O,
-1, 0, 1, 0. This series is charted in Fig, 9. It has weves &4, &, 8, and & years
lone, countin~ crest to crrst, respectively. Counting crests ve have five creats.
This ~ives us four cyclss, first cr-st to last crest. It is 20 years from the
first crest to the last one (4444844 = 20). Vith four cycles this gives en Averaza
cvcle len~th of five years. Fic, 10 shovs the S5-year cycle in comparison with the
original curve. Ixcent at the tuwo ends, a five-year cycle will fail to conform to
anvtrin-. 3Jut a perfectly revlar four-year cycle will conforn exactly to three of
the four cycles--vith one commlete miss. See Fir, 11. The ~iven fisures conform
more nearlv to a four-vear mattern, in spite of the miss, than to a five year one.

Let me ~»ive you another examnle. Fiz, 12 shows a stroet plan of the city of
Avewm, Let use vredict, on the basis of cvcles, the probahle spacinz of the streets
to the east.

It is perfectlv ohwious that the streets come, accordinz to the scale, 200
feet (every half inch on the map) execent at position 4 on the scale, where some
bie buildin~ on a public sounre interrunt the resular sequence. The typical
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spacine is 200 fee:, and the correct nrojrctior of mrobabilities is given by the
broen lines in Fi:;, 13, which slows the streets to the east falline at 200 feet
in%ervals. "hie ie onlv rudimentarv cormmon sense,

Bovrever, I have seen cvcle s%vding bv noted scientists which tave a series
of avents like those nictured in Fiz, 12 and nroclaim that the cvcle length is the
average length of the crele. The average dis:ance between streets in Fig, 12
wovld be six rimes 200 divided dbv 5, or 240. Fstablistine cvcle length on such a
hasis is nonsense.

The thing vou are lookinz for is the effect that would be created by a per-~
fectly regul~r vnderlving neriodic force, resularlv increasing and regularly de-
creasing, obscured thovel 1% mav be bv random variation of one sort or another
and bv otkrer cvcles. As vou can see bv reference to the various Curves of Fig, 2
in Lesson V, svch a force rxmresses its<lf in the form of areag of high and areas
of low, more or lrss eowallv alternating. You do not look for hizh and lov values
as such, excevt as these give you hrints of ligh and lov areas, and the more or
less adjacent turning woints of the real underlvineg cvcles which you are nostula-
tine.

In *}1s connection, note particuvlarlv thrat when someone else ras combined
two numhers such ns 2 and 6 to get 8, we bave no vavy of ¥noving for sure just how
the B was obtained. Tre 2 and the 6 have been welded so that we cannot see the
joint. TFor all we ¥no, seeing onlv the enswer, the 8 might Kave been made up by
addirg 1 and 7, or 3% ard "%, or 1% and -6, or anv two nvm“ers the sum of which
equals 8.

Uhen e come Lo analvsis, therefore, and look at a curve like Curve I of Fig.
?2 the nost ve can sav is tha® it looks a5 if it had an 8-month commonent—it laoks
a3 if it were a series of random numbe-s, irfluenced by a rezular 8-month periodic
force, four months uwn, four months dovm. Curve I of 7. 2 looks as a curve
world loov if that is the wav i+ rad horn crea~ed, In thie ins*ance we kpow onrr
supnosl “1on is correct, but in a series of vn"novm commbsition the observed regu-
lari-y covld bave come abont by accidert, Hot eacily, perhans, but 1% could have
han-ened, The smaller derrec of re~vlarity found in Curve 6 could be found more
eacily by accident tran the desree of resularity found in Cvrve 1, and so on pro-
rreacively (Curves B, and C) the smaller the ammlitude of the periodic component,
relative to the size of the random rumbers (tre lensth of the series, remainirg
the same), the more easily the resultant rrvtbm could have come about as a result
of tke random forcea just rannening to fall that way.

In all cases, therefore, except where we =nre dealines with controlled data,
wve rave two problems! One, we must find the perfectly regular periodicity (or
perindicities) vbich could most rensonably hnve cavsed the observed behavior, and
second, we must come to some conclusion in regard to the nrobabllitv that the
observed regularityv could have come about by chance,

In tre first inatance, the analvst is not concerned vith vhether the observed
remularitv is there by chance or not. Pe is merely trying %o commare the observed
hehavior uvitk nerfectlv remular meriodic natterns to see the periodicity to which
it most nezrly conforms.

N

Pere are some of the aimnles* of the methods that may be emmloved to do this:
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1. Inspection

2. Countins intervals
3. Thumb and pencil
4, Oradunted scale

5 . The Tine cha!'t

1. lnapection As a lieana af Cettins Hinta of Cycle Lansth.

The easiest way to find rhythm in the ups and dowvms of a curve is by sirmle in-
spection. This method takes a little practice dut in many instances, I find it ade-
quate, '

If you look at Curve I in Fis, 2 (Lesson V) it should be perfectly clear to you
by inspection that the curve fluctuantes in a rhythm about 8 months long.

The same cycle should be almost equally avparent in Curve G in the same figure.

The top Curve (A) of Fir, 14 of this lesson renroduced Curve G of Fig, 2
(Lesson V). Below it (B) is the same curve with a mencil line to show what the
trained eye sees immediatcly.

It 1s sometimes easier to look for lows only, as in Fiz, 14 Curve C, or for
hizhs only as in Fi~, 14 Curve D,

As this subject is so important let us look at more examples.

Figz. 15 sdovs Curve = of Fi~, 2 (Lesson V) as it is and as the trained eye sees
it, either from looking from lov to lov and from hish to high., Hereafter, to save
space, I shall show vhat the eve sees lov to low gr hish to hizh. You should reslize
however that the cycle analyst will look at every curve from dhath points of view as
in Pi-, 14 and Fig. 15.

You can often see several rhythms in the same curve at the sams time, Fi=, 16
is a synthetic curve made un of a 9-year cvcle and a S4-year cycle in conbination.
You can 100 at either cycle at your option, disregarding the other. The scvaration
is very easy vhen one cvele is several times £3 long as the other.

Vhen the component rhythms are of more nearly the same lenzth, as in Curve A of
Fiz. 17, the sevarn~tion is more difficult, but vith a little nractice it is not too
hard, either. Curves B, C, and D in Fiz, 17 shov the three different rhythms vhich
the trained eye sees easily in this curve.

Seein~ different cycles in the same curve is sonething 1ilze focusing- your eyes
on different objects in the same viev. Hold your hand in front of yon nnd focus
on it; the other side of the room is blurred. Focus on the windou curtain; your hand
hecomes dlurred. Focus on the view out the window; both the hand and curtain become
blurred. It is the same when you loo at one rhythm and vut other rhythms out of
your eyes, as it were.

Fiz. 17 is interestins for another renson. It is made un vpurely of random
numhers. The observed rhythms are perfectly real but they are not significant.
Thev will not contimie. They cre hovever nearlv ae re~ular as the rhytim in Curve
“ in Fi~. 2, and rmich more remular than the rhvtim in Curve C in Fiz, 2, where, in
doth instances, wve knov the rhythm ia significant, because it is there hy construc-
tion.
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In Fioj 2 ve )}now the rhvthm is significant. In Fiz, 1?7 we know it is not
siznificant. Fow can vou tell in the figures with which you are workinz, wvhether
the evele is significant or not! This subject will be discussed later., At the
moment all we are trving to do is to lenrn tow to et hinks of crcles, significant
or not. I introdvced cvcles in randon numbers at this point to ~ive rou a sense
of promortion in connection with thin whole subject. ihen you zet a bint of a
cvele, rou mav rave made an irmmortant scientific discover, or vou mav merely be
bavine fun with figzures,

Some neonle find i% belnful to sun-lement simmle insvection by layving a
numher of mencile on the curve to accent the various arear of hizh (or low), and by
moving the mencila back and fortkr vntil +he— accent areas of righ (or low) that are
reasonadbly esuidintant from each other. ‘‘"he method has the advantage that the
vosi-ion of tre vencil can be clanzed readilv. I rarelv use this method mvself,
but some cvele analysts find it helonful.

i. Coun:ing Intarvals Between Turnine Points As a Heans of Geftine Hinta of Cycle
Lenztha.

The simvwlest wossible way in which to met a bint of the lengtbh of a rhythm
that is nresent in a series of figures--if this lensth is not immediatelv obvious
to 7vou by inspection-~is to count the intervals dbetween turning poirts of a chart
of the figures.

For wreliminarvy nurnoses take everv turning voint. That is, in a series of
monthly fizures, if you are counting intervals betwern crests, count as a crest
every month which is hjigher than the month before and the month after. If vou are
countinez lows, count as & lov every month whrich is lower than the month before or
the month after. Record these valves on the chart.

"If vou can discover anv tendencv toward resularitv, suvch as 3, 3, &, 3, 4, 3,
3, 3, 3, 3, 4, &, 3, 3, 3 monrths betveen turning moints, vou bave a hint of o
rhvthn--in th1s case a 1i%le over 3 months long-~uhich mav be vresent in the num-
bers. Soretimes vou can et a surgestion of a rhvthm by combiningz intervals. To
overgimolif- what I mean, sumone vou have the following series of intervals,3, 4
3, 4, 3,2, 2,3, 3, 4, 3, 4. It is odvvious trat bv grouning the two 2's into
one b ve get a rezular alternation of 3's and 4's, sugeestinz a 3%-nonth cycle.

Some peonle armue hat we must “ake turning noints as we find them, Ihis
Ais not 8a. %Turninz soinrts of themselves have no sisnificance. Thev are largzely
the result of random forces, or a shorter cvele, or lonzer crcles and/or trend
which transforma cvcles 1nto variations in rate of change. Remember what we are
trvin~® o do. 'e are trrins to find the nerfectly resular redetitive pattern to
which the various ups and downs of vour curve--in the arder of masnitude which
you are investizating—most nearl— conform,

The method of countinz intervals from crest to crest (or troueh to trouzh)
cannot be used excent to sugrest short cvcles, that is, cvcles which are only a
few units long. The mettod is of po wse for finding 20- or 30- or 40-month ercles
in nont™lv data. It is of use in helning to find 2-, 3-, 4-, 5-, or 6-month
cveles in monihly data or 2-, 3-, 4-, 5~, or 6-vear cvcles in vearly data. I have
rarely found it helnful in getting hints of cvcles more than 12 units long.



Lesson VI
Pare 5

You, 1et us consider an actual ~xamnle. Consider Fiz, 18 Curve A, Counting
crest to creet we geb the values 3, 3, &, %, 2, 3, h, 3, 3, 4, 2, 2, 3. “hese
velues hwe heen mosted to the chart and tre terminal points of the various waves
kave been marked hv a vertical line.

If vou nov zrowo the two 2's in‘o a 4 ve get 3, 3, 4, 4, 2, 3, 4, 3, 3, &, &,
3, or verv considerahble resularitvy indeed. Fron the tov of the first crest to the
tom of the last crest is 40 yeara, In these 40 ye-rs we have 12 rhythms. The
avera~e len~th of the cvcle, from end to end, 1s 40/12 = 3-1/3 years. ‘The fipures
vill fit a merfectly rezular 3-1/3 vear oerioficity with dramatic corresmondence.
(Ser Fiz, 18 Curve ?). But here azain I have fed vou a series of random numbers.
Fig, 18 is idantical with Curve A of Fie., 2, as vou may have noticed.

As Fig, 1R is random the 3-1/3 "year" cvcle, although real, is not significant
and will not contirme, a5 vou can see for yourself by counting intervals between
crests on the rast of the curve in Fis, 2.

3. ™bunhine" as a lieans of fattinz Finte of Cvcle Length.

To heln the eve 0 see wheiher or not successive crests (or tops) are reason~
ably eqmdistant, i.e,, rrvtbnic, i% is often converient to measure off, by means
of vour hmbrail azainst a mencil, o fixed distance from the mencil noint so as
to zet n firat an-rorimakion of the lengtr of the cvcle. Fiz, 10--ghows Curve B
of Tir, 2 remeated successively 'rith the thumb on 9 vesrs from the vwencil point.

It is obvious that thie len<sth is too lonz. Wren the lensth is reduced to
8 we .rs tre successive nositions of the cvcle, as measured on the mencil, fit the
curve nuch bet“ar.

“humbine is mw favorise method for wreliminary reconnaissance.
“. Ihe Br:duated Scale as a leans of Ge kinz Fants of Cvcle Lengths.

Once simile 1nsmection or otrer methods have indicated a cvcle lenzth the
indicated lensth shonld be tesied dv means of a graudated scale.

A ~radu-ted scale is merely a strip of maner on the edze of wrich, with a
nencil, vou have mafe a series of marke at equal intervals. You mae the marks
as far apart as the wave yon wish to test is lonz. Thus, to test for a 53-month
cvcle vou male vour mar'ss as far apart as 55 months would be on vour chart paver.
It is 2 2ood mlan generallv to mare ~very Sth mark longer and to number the marks
frorm 0 un,

The araduated scale should be as lonz a5 tho chart to be tested, or a li'tle
lon~er.

Yhe advantawes of the eradvated scale are (a) it nrovides a perfectly reg-
ular cvcle with vhieh to comyare vour ackval hehavior, (v) it can be slipped dack
and forth so as to cormare turninsg moints at everv mossible mosition, (o) 1t can
te sl1d un and dovn so that wou can copare eitber hisks or lovs, (a) it is
eanilvy and guiclv made, (e) it is inexmensive.
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Fie, 20 pives an exarple of a curve to vhich a gradunted scale of the proper
lenzth has been applied to revecl first bisks, and then lows.

5. The Tima Chart as a lisana of Gettins Einta of Cxle Lanstha.

The Time Chart is a diagram of highs and lous set up in such a iay as to eive
vou hints of rhvilms that ma~ be present in vour time series. It is a nost im-
nortant adjunct for cvele analveis. I¢ wos devised by a dDusiness consultant of
Wew York Citr and a pioneer in rhythn analvsis.

The Time Chart devends for its ueefulness unon an objective method for deter-
ninin~ the "hishs" and "lovs" for anv siven vave lensth bein~ sought. The Time
Chart itsclf is then merel” a metlrod of dianraming these hishs and lows in such a
vay as to throu li~ht vnon the lenzth and amlitude of the rhvthm or rhytrme that
mav be nresent in the fiesuvres.

The Tine Chart is imortant enoush to rate a semarate lesson if it vere not
svcrh an inte~ral mart of the subject of hor to zet hints of cvcles. As it is
hovever, I shall handle it merelv os a separ-te section of Lesson VI,

Summarvy: Remember that at thris staze of thinss, you are merely trvinz to et
hinte of cvcles. You start out by nostulatin~ the nossidility of cycles of any
and all len~ths. You are trvin: to find the porfectly resular periodicity which
fits the data best. At this -oint wou do not need to care whether the best fit
in xood enoush to mean anvthin- or not.

For instance vhen I fitted 21, 32, and 58 item veriodicities to Fis., 17 I vas
sayinz in effect, "Althousgh yvou could fit neriodicities of any length to this
curve, you get a better fit for the lenxths 21, 32, and 58 than for other len;tha'.
This doos not mean that cycles of other undiscovered len~zths nay not bé nresent.
‘'ris docs not mean that cycles of the lenzths you have found are siznificant. It
mersly means that of all possible cycle lengths, certain lenzths fit the data
best. )

Let me restate: This is not the noint in the analysis to jud-e whether you
bhave di~covered anythinz of vnlue. You are merelvy see-inz hints of cycles. You
are merely trvinz to find the neriodicities that fit the data hesk. !'hether hest®
is good enouxh is another story.

B, EO' TO liA¥; AND USX TH® TIIiT CHART
As I have said above, the time chart invoives two processes, namely (1) an

ohisctive method of determinin~ hizhs and lous, and (2) a technique, better than any
other I 'now about, to reveal rhythms.

1. Hou %o Datermine Eizhs and Lowa

Conside the Curve nlotted in Fiz. 21. Four 18-month waves are clearly
evident. They have been diasrnmmed for you by neans of a broken line.

You readily accept my statement that there are four waves even though there
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are aix creasts, lettored A, B, C, D, E, and F, (A crest, for our present wurposes,
is defined as a value higher tban the value immediately nreceeding or the value
immediately following.) You sav, and rishtly, that C and D are so close to each
other in time that thev should count as one.

If tvo of the crests vwerc ae close to each other as the crests D and B, it
trould de utterly silly to sav ve had five v~ves of 14.4 (72 5) months each Just
because ve had six erests or turninz points in the 72-month 1nterva1 betveen A
and F, There are crests and crests.

Bow can vou tell which crests you should count in markine off waves, and which
you should ismore? In a case as clecar as that illustrated in Fiz. 21 your common
sense vill tell you the ansver, but not all cases are as clear. In difficult cases
vou might eay one thinz, I another. An ghjective metrod is needed.

An objective metrod ie one uwhich is impersonal. That is, it is a method by
which you and I, workins~ senarately, can zet the same results.

The objective method of determininz the "hishs® and "lows" can best be ex-
nlained by an illustration. But first we must introduce a concent thnt will de
nev to many. Consider the Curve in Fi-., 22. 3ach voint on the curve has a value,
devendinz wron 1ts hei~ht ahove the base line. Thus the voint for the year 1920 has
a value of 850, But the point for the vear 1920 has another characteristic. It
is hi-rer than any of the noints of the threa nreceding years. That is, a hori-
zontal line nrojected backward from the noint at 1920 until it 1ntersects the
curve betveen years 1916 and 1917, as indicated by the fine dotted line, would
stin gyer three noints. Similarly, a horirzontal line projected backvard from the
voint at year 1922 would be lguer than the ten nmreceding points--but not lower than
the eleventh, Those nmumbers--the whole vears or time units backverd >n a horizontal
line that ~re in the clear before the curve is intersected, or the end of the
series reached--three and ten in the examles given, I call the glesarapan mmber
of ths voint.

If the ~iven point has a value areater than that of the point next nreceding,
the horizontal line eims ghave preceding noints and the clearspan is indicated
by & “lac numbar. If the ziven point is belov the point next vrecedinz, the
horizontal line skims hnlnn the nreceding noints and the clearsvan is indicated
by a red number. Yhen, as with the years 1902 and 1903, the values are higher
than by any nrevious time, this fact is indicnted dy a { gizn after the clearspan.
the mlus to be read "or more" . Thus the clearsnan for 1902 trould be 1{ one or
more). hen the value of a voint is exactly equal to the value of the point next
vrec~dinz, the clearspan is 0, usually written in the opnosite color from the
clearsnan number next precedin~. ilote that you count only the nugber of voints
that your ima~inarv horizontal line skims over or under. It cannot skim qver or
aundar a point of equal value. For example the clearsvan mumber for.1925 is 8 be-
cause there nre B years between it and 1916, a year of equal value.

The value and clearspan number of each point on the curve in Fig. 22 are
given in the followine tadle,



Legson VI

Page 8
TAIE 9
Valves and Clearsman Numbers of
Imaginary Data, Charted in Fig. 22
Year Value ClearsHan Year Value Cle~rspan
unbers Ny .
1900 — - 1917 750 /
1901 100 -- 1918 650 é
1902 100 14 1919 700 1
1903 800 24 1920 850 3
1904 700 / 1921 850 a
1905 600 L 1922 - 500 /6
1906 500 J 1923 550 1
1907 600 1 1924 600 2
1908 400 S 1925 900 8
1909 300 7 1926 800 /
1910 200 § 1927 700 FS
1911 400 2 1928 50 27y
1912 900 114 1929 200 1
1913 1,000 124 1930 250 2
1014 750 a 1931 200 /
1915 700 J 1932 100 g
1916 900 2

"he clearspan number can he obtained by counting the voints that an imagi-
nary backrard horizontal projection would skim over or under until it intersects
the curve, or passes bevond the first noint of the curve.

The clearsnman can be obtained more easily from the numerical data. Thas
in done as follows: Firn% notice if the value of the moint for which the clear-
sn~n 1s being comduted is over or under the value of the next nreceding point.
If it is ahove, the clearspan will de recorded in bdlack, If below, in red. The
numerical value of tte clearsoan will be the number of -oints bac: to a value as
hizh or hishar, less one, or as low or lover, less one, as the case may be. Thus
the clearspan of tlke moint at venr 1920 is fovnd br counting the years backward
until one finds the first numher with a value as great as or greater than 850,
and subtractinz 1. In this case, <ou rmst 20 hack fovr vears “o 1916 to zet a
value as bhigh or higher than 850, The number of the clearsman ia thereforc 4 less
1, or three, recorded in black. Azain, the clearsman of the noint at year 1922
ia 11 less one, or 10, recorded in red.

If the noints are numhered consecutivelv, as thev are when the data are
annual, vou do not need to count-~yvou can subtract. Thus, to get the clearsvan of
1922 (value 500), vou scan the valve column (without counting) until you reach a
valne as low or lover than 500. You look for values as low or lover because the
value for 1922 is below the value for 1921. Having found the value sought, you
notice “hat it is at year 1911. Subtract 1911 from 1922; the difference is 11.
Subiract 1 %o net the clearsman of 10; record it in red. In practice, of course,
vou subtract the vear af:er 1911, namelv 1912, from 1922, and obtains 10 directly.)
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In cormutint and recording clenrspan numbers it is convenicnt to use a pencil
vith dlacz lead in one end, red lend in the other. I use an Autopoint. It sells
for 89¢.

If the data uscd are monthly, in order to ma:e these commutations practicable
you must give consecutive numbers to all the months., Any consecutive nmumbert will
do. One method uscs December 1900 as month gero. This scheme maves December of
1901 month number 12, Decemher of 1902 month number 24, etc. Thus Decemder of any
year 48 12 times the munber of years after 1900. For longer series, December 1900
can he taken as month number 1,000 or 3,000 and all other nunbers raised accordingly.

Standard month numbers fram Ja.!ma.ry 1901 to December 1957 are given on a scparate
sheet.

For the analysis of short term rhythms where weskly data are used, one system
arbitrarily sete the week ending July 2, 1932, as week number zero. With thie
numbering nlnn, for exarmle, the wee: ending December 31, 1949 would be week number
013, December 25, 1958, 1173. TFor series vhich go bac': nrior to July 2, 1932 the
veek endins July 2, 1932 is called 4000,

For vork with daily fi-ures a daily number in vhich Saturday is seven times
the week number could be used. Or you could use the Julian day mum™er of the
astronomers. In this svastem noon of Ausust 15, 1952 is day mumber 243 5000.5.

Ve are now ready to proceed to a description of the objective method of
determininz highs and lows. "Highs" and "lows" can be defined.as terminal points
of cyclical rise and cyclical decline.

To meet "full standard" for a M=h or a lov, a noint rmet have a clearspan
esqual to at least one half of the lenzth of the vave beinz sonsht, or the next
smaller even number. Thus, for eithor 6- or 7-year vaves, the clearspan of full
standard hishs or lous must be ot least 3, black for the hiths, red for the lows.
The hi-h 1s the rishest noint vith the required clearspan betueen two lovs of the
required cle~rspan. Thus a hish for 6- or 7-year vaves is the highest point with
a clearspon of blac™ 3 or more betwe~n tiro lous with clears»an of red 3 or nore;

8 lov, the lovest moint, uvith a clearsman of red 3 or more, betueen two highs with
eclearsman of black 3 or more.

For example, in the curve =ziven in Fiz, 22, if we are secking 6- or 7-year
vaves, ve could stert at the bezinninz and go forvard until we zet a clenrswan of
3 or mors, either red or blac-. Ye find such a voint at 1906. This year, with a
cleursp'm of red 3, could mark (as far as clearsnan is concerned) a full standard
lov for a 6-year vave, and is such a lov, unless a lowe: value is present before
the next clearsman of black 3. Ve then nroceed to look for the next noint with
a clearspan of dblack 3 or more. !e find such a noint at 1912 with a clearspan of
black 114. The year uvith the lovest value between 1906 and 1912 is 1910 with a
value of 200 and a clearsnan of red 8. It is the low of the move.

We then go on fronm year 1912 until ve find a point with a red clearspan of 3
or more, as at the year 1915. The hizhest value betvecn 1910 and 1915 is at 1913
with a value of 1,000 and a clearsman of bdlack 12{. This noint is the hizh of
the move. Similarly, vear 1918 is a lov, year 1920 is a hizh, year 1922 a lov,
year 1925 is a hizh, and year 1928 is a lovw.
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Year 1903 is probadbly a hih and year 1901 is vossidly a lov, and these facts
may be indicated, but neither point has a known clearspan rreat enough fully to
meet standards.

Suppose we uere secl:ing 2- or 3-year vaves. Ve would telze as our full stand-
ard hirhs and the hi-hest pointe vith a clearspan of black 1 or more betveen _points
with elesrsnan of red 1 or more. By this rule, hirhs vould be present at years
103, '07, '13, '16, '20, '25, and '30: lows at years '06, '10, ‘15, '18, '22, and
'28. Lows are also perhaps at 1901 and 1932, bdut this cannot be known, (In prac-
tice one would hardly expect to find a 2-year wnve throu~h the usc of anmial
fisures, but ve are concerned here with principles only.).

Thus, by this method, for any given lenzth of rhythm, is it possidle to make
an objective determination of hishs and lows. It is the only mecthod I know of
vhereby this can be dons.

2, Ihe Technioue for Revealine Rhvihms.

Suppose ve vish to us the time chart to scan the curve in Fig. 22 (the volues
of vhich are recorded in Table 9) for all possidle u~ve lensths that would be re-
vealed by this method. The longest wave th~t could repeat itself combletely with-
in the length of thise series of fizures would de half of 32 or 16 years in lensth.
Mull standard hi~hs and lows for such o vave would have cleersnans of black eirht
or more and red eizht or more, and would be determined by the methods alrendy des-
erived. From Fi~, 22 or from Toble 9 we see that hizhs of these standards occurred
at 1913, and 1925, and that full standard lows conme in 1910, 1922, and 1928. There
is a nossibility that 1903, exceeded as it is by onlv six valurs in the entire 32
years, is also a hi~h, but you cannot knov this vithout earlier figures.

These facts could be dingramed on the grid shown in Fiz., 23 using a black
line for hirmhs, a red line for lows. You can think of loves as being "in the red".

If hizh or lov values come so near the beginnin~ of the series that ve do not
knov if they are full standard turning ﬁoints, this fact is indicated b a parens -
thesis. In Fim. 22 the base year, 1900, is written in at the left and the lines
are mumbered to represent years after bdase.

i~. 24 is the grid of Fi~. 23 turned from sidevays to up and down.

Another vay to remresent the time position of these highs and lous would de
to cut the zrid in tuo, as in Fig. 25 and nlace the second section beside the
first. The numbers at the ton of the column reprcsent the base years, in this
case 1900 and 1016; the numbers do'n the side represent the rmumber of years after
dass. rhe lines in the first column represent the first sixteen years of the
serieg, the lines in the second colunn revwresent yenrs 16 to 32 incluaive. The
1ast yenr renrescnted in the first column is the bdase year of the second column.
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The first red line cones at ye~r 1910; the first black line at year 1913;
tre second red line comes at vear 1922, or morition 6 after base vear of 1916.
“"he next black line comes ai year 1925, or 1016 nlus 9; the last red line at year
1928, or 1916 vlus 12, The crest at 1903 could be 1rdicated by a black line with-
in narentheses, (- ) to shov that you do not know whether or not i% is a full
standard hish.

Yoy, if Ltere were a 16-year rhvthn in this series of fisures there would
tend to be one hizh and one lov in each column of 16 vears; the highs would be
about 16 vears from each other and would therefore fall in 2bout the same section
of the ~rid. In other words, the black lines would tend to make a more or less
horizontal line. The red lows would tend to do likewise, In Fig. 25 thev do not
do this., It is therefore obvious that in this series we do not have a l16-year
rhythm.

But your time chirt can be made to tell you more. 4s vell as telling you of
lenzths that are absent it will tell 7ou the anmproxinmate length of the rhvtbms
that are nresent (if there are any).

Consider Fi~, 26, Here I bhave extended the diarram of Fig, 25 by adding two
addi:ionnl 16-vear sections based on 1884 and 1932 resvectively. Let us nov re-
peat in the 188" section, three vears after its end, the first black line "A" of
1903. Gimilarly, let us remeat the red line "B" of 1928 in the 1932 section,
five venrs before ite besinning. ‘e can do this because any nosirtion in time can
be wlotted in anv colunn if we extend the columne far enough one vav or the other.
Ve nov have no more than one »air of highs and lows in each column, wvith all the
lous on the same side (in this case above) all the bichs next following. Let us
connect bi1-hs ~nd lov's uith vertical lines of their own color--black or red.

You see tbhat the hiszhs and the lowys thus remresented do line up after a sort,
hut not ~lon a horizon’'al line as “hey would if the rbythms vere 16 years long.
To reoresen: how *“hey reallv fall, let us connect the midnoint of the first and
1at4 of the highs and the firsi and last of the lows b~ dotted lines. We note
tkat for ‘he red lin-s or lowa, the dotted line slopes upvard by 14 vears in two
cvcler or 7 yearn (1%/2) per ecvcle. Thias sugges o a lensth of 16 years less 7
ve~rs or 9 veara. Thre dotted line connreinz tre lighg slonmes unuard 10 vears in
tro cveles or five vears (10/2) ner cvele. This sugmests a lenzt) of 11 years
(16 vears less 5 venrs). Averazinz the tuo indicated lenzihs (9 and 11 year")
ve 7et a lenaz'bk of 10 vears as an apnroximation.

Le’ ua now make a 10-vear time char’, of the values (usinz a clearspan of
five (Vg). Tric ie done in Piz. 27. Ags before, red lines "A" and A" both rep-
resent an identicol low moint, in this care the low at 1922 (nos1 .1on 1910 plus
12 or wosition 1920 nlus 2). Thia gives us ths closest leneth that we can get
by tre time chart meihod for go few remetitions (if the series is long enough
the time chart will indicate She len~th wizhin 1% or less). Also it kanpens thot
a clearsman of § (V ) instead of a clears»an of 8 (V8) gives us no additional

Pighs and lows in Uhlq instance.

Note that on the time chart there is a numhber above each of the lines
and a nurber below each of thzs lines. <The numbers ~hove the lines give the vnlue
of the curve at the time indic-~ted--i.e. tre heisht ~bove the base line; the num-
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bers helaw the lin~s ~ive the clearspan for the particular turning noint at this
vosition--writtem hlack or red, as the case may bde.

This is row one vould intervret such a chart:

There has been a tendency ir the data ploited in Fig, 22 end recorded in
Tnhle 9 for bi~bs to come at abou’ ten vear intervale and lows likewise. It is
true th~t there hrave beer but three reme;itions of tris wave, but thrre could not
Pave been more rrmetitions of a wave of thie length in a series as shrort as this.
For tre sirrificance of svch bebavior we must resort to aditional terts, but for
vhat it may be vorth ve may ohserve directly from thre time ckart that no high of
tre 10-ve'r cycle I~s ever had a valve of less than 800. The most delaved righ
came only two vears after median position. Also, insofar as we have the figures,
no righ ras failed to be rixter than all values for at least the preceding eight
years. (All highs bave a clearsman of at least 8.) The median high vosition is
3 ve-rs after base, and if this beravior continues, we may expect higha in the
general neighhortood (perhans Y0 years one war or the o:her) of 1933, 1943, and
1953, etc.

As for the lo''s, no low ras failed to have a value lower than any value in
at lenst tre erght wreceding vears. HNo low bhas ever had a valve in excess of 500.
The mediran betravior 1-dicates a valve of 200 as beine closer to probabilities. Yo
lov has come more than tiwo years before median timine, nor more than two years
after guch timing. (In lonzer series it is bFelnful to speak of the range within
vtich tre majoritv of the highs or lous have fallen.) If this bebavior cortinues,
lows mav be expected tvwo yrars one wav or the other fronm 19&9. 1950, and 1960..

Otlrer metlodr can be vged to refine these observations, to evaluate them,
and to determine their significance.

Originallw ve started to look for vhatever rbythm might be present at about
half of our overall length of 32 vears. ‘e came up with a rhythm of about a third
of our overall lensth. You mizht next look for a rhvthm of a guarter of 32 vears,
or eiht vears, t0 see vhat vov vould find, then to a fifth of 32 vears, a sixth
of 32 vears, and 8o on for as far as vou wished. On the other hand, wou misht
start bv simnle observation and vse a time chart to see the regularity of some
particular rhvthn you thought might be present. Or vou could start from a pre-
conceived idea and exmlore the ex%ent to wrich a nine-year or a 3% year or a six
vear vwave mizht or mi~ht not be »nresent. In any event, the time char: will be
useful and will throw light on ‘our oroblenm.

Occasionally vou find an extra vair of highs or lovg within a cvcle, as 1in
Fi». 29, (Fig, 29 is a b-vear time chart of the curve vlotted in Fig. 28.)

Ofter you fail to find highs and lovws of full standard clearsvan. In such
casee vou are corpelled to fill 1n with sub-standard highs or lowe. hen this is
dore, this fact should be indicated by broken lines, If the clearsvan of the
voint used for a bigh or low is less than full standard but over one-ihird of the
nrover clearspan the point is called a gecopndary high or low; 1% is indicated by a
dashed line. If the clearsman i1s less than one third of the wroper clears»yan, bdut
rrea“er tran one ninth, the high or low is call~d a tertiarv hish or low and it is
indicated by a do%ted line. The vertical connecting lines preceding secondary and
terti>ry tvrrine noints are also dashed or dot+ed respectively.
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is missing from our master copy.

We apoligize for this inconvenience
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chart. 7ou can make a comdlete time chart analvsis, Yov can ntart anyvhere as a
st1b in the dark, and let the ‘ime chart itself lead you vhere it will. Or you can
use insvection, “hun*in , ~nd the r~raduat-d scale for leads and vse the time chart
10 kelm =valu~ » these lrads. FEowever, vou do have to decide, one way or another,
before vou start, how lonm to ma%e your time chart.

Favin~ decided the length vou rmast maltze vour zrid and most into it your hiszhs
and lovs. These two stens are »Hurely nechanical, but rate sup-lemental description.

Finallv comes the matte~r of linin~ uw> the hi~hs and lows. This step is sub-
Jective and 1is nometring of an art. It also rates a separate section.

Bow to Make the Grid of a Time Chart--Detailed Instructions.
(a) Use wnaccented quadrille paper, 5 lines to the inch each vay.
(b) In set:ing up the grid, observe Standard Practice Instructions Fo. 7.

(¢) Start your grad by putting a series of dots four s»aces apart horizon-
tally nacross the page, and tv1o or three lines below the ti-le. These dots will
create a series of columns, and vill serve to sepnrate thenm.

'Ten a series of numhers is so lonz, relative to the length of the cycle
th-t there are a great many repetitions of the cvcle, you will sometimes want to
‘mut vour dots 3 vertical lines anart, or 2, or even 1. Fovever, bent keepn to the
standard four lines in rmost instances.

(a) In the intervals between the dots ente- the base numbers of vour cvcles.

Use the third space from the left (i.e. between the 2nd & 3rd dots) for your
first bare numdber. “The first hase mumber is vsually ‘he number of the year or
month bhefore tlre begin-in~ of your data. For examnle, if the curve of which you
are ma¥inz a “ime chart starss in 1858 vour first base number would normally be
1857, Fowever, yvou could use anv hase number you ‘ranted, »rior to the beginring
of vour series,

Between the next two dots to the risht pu’ vour second base number. This
num™er is one cvecle len~th bi~zer than your first base number. If, for example you
are making an 11 vear time chart, and vour first base number is 1857, vour second
base nurber wovld be 1868 (1857 4 11), vour third 1879 (1857 4 (2 x 11), and so on.

If the naver is not ide enouzh for all the cvcles, paste on another niece.

Check the value of vour last base number., Thus, if your first base number is
1857 and vou wish to set up eleven 1l-year cvcles (10 cycles in addition to the
first) your lact base number would be 1857 ¢ (10 x 11) or 1967. Show by using a
check mark that the value of your last base number has been checked.

If you are making a time chart of a fractional length, such as, 1l1,4-year,
round vour base numbders to the nearest yhole number thus:
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Round ‘Interval
~to
lot base number 1857 1857
2na " " 1857 4 11.4 = 1868.4 1868 11
3ra " 1857 4 22.8 = 1879.8 1880 12
Lth " " 1857 4 34.2 = 1891.2 1891 11

ete.

If vour base number is a fractional length ending in .5, in time chart work
alwaya raise it vhen rounding (your text book to the contrary notwithstanding)..

Bach eycle of a time chart is normally an integral number of years (months,
weeke, or vhatever) long.

(e) Drav a horizontal line across the page about three inches from the top
of a page. Drav it on one of the blve lines. Draw it in blue or green (or any
color other than red or black). This line is your base line for all cycles,

(f) Enter vour scale at the left, vertically, using the second column. (The
first column is for finding.) The scale represents time units after base.

'The scale will be as lon~ as the cycle for vhich you ere testing, i.e., it
vill,equal the lenrth or period of the time chart. Use one line for a year
(month, veek, or vhatever vnits vour data are in) if such a scale will cover no
more than about a third of a mage (pérhabs 16 or 18 lines). If the number of
terms in vour cvcle is greater thon this, enter vour scale by 2's or 5's, or 10's
or whatever is necessarv so that the entirecycle will occupy no more than about
1/3 of the »nage.

The scale will shtart with zero at the base line and run downward, for the
length of the cvele.

If your time chart is of a fractional length, indicate this fact on the last
entry of vour scale. For eramle if vou are makirgz an 11.4%-year time cliart number
the lines 0, 1, 2, 3, -~ = = - - 10, 11, 11.4 (for the 12th line). Do thins as a
reminder of the length of the cvcle. However, the line so marked still represents
12 vears after barce.

(g) You drav in the botton of the grid. Use blue or green as for the top.

If vour time chart is an integral nugber of years (nonths, veeks) long, the
bottom of the grid is a straight horizontal line from the point on your left hand
scale equal to the length of the time chari. That is, for an ll-year %ime chart
vour bottom line will be at 11 (the top line at 0).

"If your time chart is of a fractional length the bottom line will be irregular.
Thus, if vour time chart is 11.5 ycars long, one cycle will be 12 years long, the
next 11, the next 12, and so on. , The botiom line of your zrid vill shov this fact.

The botton line of the grid aluavs remresents the same osition in time as
the base number of the next cvcle. “he area between top and botton lines consti-
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tutes your grid.

Your £rid is nov nrenared. It has a nmosition to represent each interval of
time from the beginning of vovr datn to the end, and a cvele or two into the
future. The position five dovm on the scale, for examnle, represents five time
units (vears, or vhatever) after each base vear in turn.

Note that each column within the =rid renwresents a varticular section of
time.

Note in addition that by going outside of the grid each column could also
reovrescnt any other »osition in “ime; previous time above, subseguent time below.
Tvo lines ahove the 0 of » certain column would remresent 2 years before the dbase
vaar of “hag column. ‘“hrec lines after the Letsom of the grid vwould represent
thrae veara after the end of the cvcle--it would represent the same vear as three
lines (vears) dovn in the next evcle--the next column,

And note fipallv :hat in Sime charis of fractional length the columns are of
unequal length. The lengih of anv column is always the same as the intervel
detireen the base number of that column and “he base number of the column next to
the rizght.

2. Hoy to Enter Hirhs and Louq into the Tine Charg
‘“his process, like the mking of the grid, is purelv mechanical.

Indicate all full standard highs and lovs on this &rid by red or black
horizontal lin=a, herenfter caller bars, (erch dar 4 dlue blocks lonﬂ) in the
prover column and At the oroner mosition,

That is, if vou have a high at vear 1911, vou find the column into which 1911
belongs—--i.e. between hat base numbers it belongs. Then you find the number of
years vhich 1911 is after the base year, and drawv your bar on the blue line rep-
regsenting that ven~r.

“hus if, in a 13-ve.r timc ckart ¢12 B~z nuwber is 1605 and another is 1518,
you would dra vour black bwr redreaenting 1911 at blue llne 6, in column headed
1905, because 1911 is G waara after 1905.

If the column were headed 1911 (had a base rumber of 1911) you would put
vour bar op the line cnlled O.

Pow enter the value of the curve (in black) 1vove the 1oft hand part of the
har. ©Bnter clearsman number (in nroder coler) h-low the risht hand vart of the
bar.

Presumntlvo full standard hishs & loss at cisher end of the series are also
entered, but vithin narentheses, to show that wou 4o no" know vhethcr they are
full standard or not.

At this vmoint in the process cf malzina a time chart there are no bars outside
of the grid, no dro%er eor do::ad b-rs vitkin “he 3rid, and no vertical red or
black lines connectins the tars.
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3. How to Connect Highs & Lowa

Before discussing ho'r to connect hicshs & lows, let's remind ourselves of a
ferr fundamentals, A truly p-riodic curve of the same length as the time chart
would ideally express itself ns two horizontal lines across the chart, one red,
one black. They would be connected hecause the dbars would abut.

A truly periodic curve ghorter than the length of the time chart would show
series of bare which would rige toward the right. If you connected successive
blacks ¢ successive reds vou would get a flight of steps rising from left to rizht.

A perfectly regular cvcle lanzer than the length of the periodic table, would
£21) ~nd connected, wouvld shov, left to right, a descending series of =teps.

In any of the three instances ziven, the addition of random numbers will
serve to distort the smoothness of the straight line or the flights of steps.
If the distortion is bad enourh it might even clkange full standard highs and/or lows
into secondary or tertinrv turning poirts.

Conversely, i1f, in an actual reries, wvhere the presence or absence of a cycle
is not known, the hizhs and lovws do terd to oscillate around horizon:al liners, we
have the rugrestion that a cvcle *he length of the time chart may exist. If the
hizhs and lovs each tend to oscillate around straight lines which slope upward,
the suggeation is for a ghorter cycle. If the highs and lows each tend to oscillate
around straight lines which slope downward, the sugzestion is for a langer cvele.

Therefore, connectinz the consecutive highs to each other (and connecting
lovs similarly) is merelv nn attemdpt to help the eve to see whether or not the
turninz woints do or do not tend to oscillate arovnd straight lines and, if so,
vhetrer these lines are horizontal, or slope up, or slope down, and if so, by how
much,

Here is the procedure: (See Fig. 30)

() Conn~ct to ench o*her bv solid dlack vertical lines all corsecutive black
bars vhich are not more than gne vertical space e~art. Do the same with soclid red
vertical lines for all consecutive red bars not more than one vertical space apart.

Hever let lines of red cross lines of black.

This ~ten mav help vou to see if the bars oscillate around a horizontal or
sloping axen, and, if the axes slope, vhether they slope upward or downvard. It

mavr also help you to see whether reds tend to be above blacks or vice versa.

(v) 1f Step (a) does not do ei her of these things, connec” consecutive dbars
of the snme color vhich are iwo vertical spaces apart. :

(¢) If Step (b) srows nothing, connect bars three spaces ap~rt, etc.
" (d) 'men you have an idea as to vhether reds or blacks are predominently on

ton, the dars which are out of place mus* be "moved.? For erample, suppose you
decide that it will be easier to keen blacks or top. Supnose your first cycle has
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black on top and red below, your second the same, vour third has only a black, and
your fourth hars three dbars, red, dlact, red. You would move the top red dbar of
your fourth cycle bock into its proper place in the third cycle, (if, for examnle,
it bad been two spaces into the fourth cycle it would be put *vo spaces after the
bottom of the third cycle, etc.). Having made this move you would have a black and
2 red in each cycle.

"Moving" a bar really means remeaiing it. You do not erase the bar from its
origiral position. Thus after "moving" a bar you have two bars, each representing
the sane point in time.

(e) You then connect the bars wou have moved to the adjacent bars of the same
color.

Wlien the duplicate bar ovtcide the grid has been connected, the original bar
innide *he grid shovld bhave corresponding vertical lines run to the edge of the grid

(£) Any blanka vhich exist rust be filled ei'her by rearrangement of bars,
or bv adding a pair of rishs nrd lovs, one or both of vhich are secondory or terti-
ary. Do vhichever tends to make the bnrs oncillate around the straighter lipe.

If connecting secondarv bars, use a dbroken line preceding the bar. In
connectineg tertiary bars use a dotted line nreceding the bar,

'hen vov have to use secondarv or tertiary bars you will often find the other
bar of the pair to have full standards. If so 1%, of course, should be.connected
and inserted by means of a solid bar.

(g) If vou have extra pairs of bars they must be discarded. That is, they
are not connected.

{(n) As & r snlt of tre foregoing stens you nov have a red line and a black
line goine cortinuouslv across the page. Plnace a ruler, edge dovm, over each and
note the degree to which it conforms to the straieght line of the ruler. See if
any othcr arrangement can be made vhich would conform better (straighter and/or
vith less vari~tion) to eome other strnight line.

(1) Mow fit straight lines to the red bars and to the black bars. Thes:
lines can be fitted (i) by eye, (1i) by means of a transparent ruler laid flat
on the curve, (iii) by the method of semi-averages (descrided in Spurr, pages
324-25), and (11ii) by the mcthod of lenst squrres (Spurr, pages 334-40).

The method of lenst squares provides spicious accuracy and is no’ recommended
exc pt in excentional cases. I genernllv use the method of semi-averages checked
for common sense by means of a transnarent ruler. '

(3) Havinz found the siraizht lines to vhich the bars most closely conform,
these lines should be drmm in with a sharp vencil.

(k) For novw compute for each of your lines the length which it indicates.

To do this you find how far vour line moves upw~rd or downward per eyele and

Calinn,
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subtract or add this num er to the length of the time chart. Thus if you are
workins wvith an ll-year time chart and if measured from the nmiddle of one cycle

to the middle of 10 cycl-s later vour linc oes upvard by 3 years, the length of
the cvcle is 11- 3/10.

In maring this comnutation vith tine charts of fractional length compare
cycles of the same len~th. For cxomple, if you are vortinz writh an 114 yerr time
chart choose cycles for measurenont lich are 11 years lonz or vhich are 12 years
lon~. Do not have one of them 11 vrars and another 12 yeors.

(1) Yhen the cycle lsn~ths renresented by the red linns and the black lines
have been -ormuted, avera~> them to zet the best annroximation of the length of
the cvcle obtainahle at this stoze of the analysis,

(n) If the lenth indicnted by the sloping line is inﬁortantly different
fron the lenath of the time chart, make a nev time chart of the lensth indicated
by the slonin=z lines, and nroceed to re-determine the lensth.

(n) Search the time chart for indicitions of other lensths. For example,
~n 11 yo~r time chart in addition to showinz an 113 year cvele mizht also show
an 8-year cvcle and a 15-year cvcle simultaneously. Drav in lines to represent
these other cvcles and note the results of vour observations on the time chart
itself.

Finallv, a note of varning: Simmle as its elements are, the time chart must
be uced with care, or unjustified conclusions will be dram. Iy must be renenbered
that after all, the time chart is merelv a tool for obt~ininz hints of rhythmic
behwior. It docs not reveal vhether the indicated rhythms, if any, are siznifi-
cant or are merely the result of random forces. This determination must be esti-
mated b other mcans.

The time chart and its adjunct, the objective method of determining hisghs
and lows, are very valunble tools. I would live to give credit to their inventor,
but I have reason to believe he would rather not be mentioned dy name. All credit
to him, anyway!

In the next lesson ve will get into the matter of pericdic tabdles.
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Fig. 23. This chart represents time from zero year (1900) to 32 years
after 1900; in other words, 1900 to 1932, Heavy solid
vertical lines indicate highs, using clearspan of 8; red
vertical lines indicste lows similarly. The psrentheses

N thet surround the first high indicate that we do not know
for certain that it is a stsndard high. The numbers to the
left of the line refer to the value of the curve at the
time indicated. The numbers to the right of the line
indicate clearspan. This chart is merely a shorthand
nethod of indicating the highs snd lows with a clearspan
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is missing from our master copy.

We apoligize for this inconvenience



Lesson VI

Page 31
BASE Yygaag
/1889 /900 97¢ 1932
kSo%’

0

1+ -

1[ goo'A’ i & Lows "slip back" 14 years

3 " in two cycles.
o }
v I y
> 4
9 7 -
s 18 -
5T 1)
N /of =
$ ik i
: It -
s 7 $ Highs "slip baeck" 10
O T = - years in two cycles.

/5 <

I s

/ .
e -
;.

Fig, 26, This is a completed 16-year Time Chart of the data plotted
in Fig. 22. Clearspan standard Vg. Two more cycles have been added

to the grid and the first high, "A", is then repested in the new
section based on 1884, The last low, "B", i1s then repeated in the
new section based on 1932, You will note that both the first high
and the last low fall outside of the grid. The highs and lows are
then oonnected. Because the highs and lows do not fall opposite
each other in a horizontal line, 1t is obvious that there is no
16~-year rhythm in the given curve,

From the upward slope of the line one sees that there is a rhythm
of something less than 16 years. As the lows drop back 14 years in
two cycles, or 7 yesrs a cycle, we see the indicated length based

on lows is 16 minus 7, or 9 years long. As the highs slip back 10
years in two cvoles, or 5 years a cycle, we see the indicated length
besed on highs is 16 minus 5, or 11 years, It is obvious that the
length of the rhythm is epproximstely 10 yeers long (9 plus 11, end
divided by 2).
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Leaaon VI - Prohlems

Prodlem 1., Corwvte clorrs— i nurbere of logs of vour stock narket éate (Col, B of
S, ¢ F.C.i,,%.5,-1), Kecord in Colum: B of S, ¢ r,C,4,,T.8,-1,

Pronlem 2. Commute clearsonn numbe ‘a of the Q=year noving nverace of loas of vour
stock market dta (Col. € of S, & P.C.ﬁ.,ﬂ.s.-l). Record in Column 3 of
S, & 2,C.4,,7.5,-1

Prohlem 3. Corouter clesrsman numhere of the duviations of lozs of vour steck mar-
ket data from their 9-year m,a, (Col. D of S. & P.C.A.,7.5.-1). Record in
Colun~ @ of 8, ¢ P,C,A,,T.S,-1,

Prodlen . Using all methods siven—insvection, countinz, thmmhinz, grodvated
genlex and fige charts, mare o thorough s*undy of crcles from 7 to 13 veoars in
lenezth in the stock =vrtet daga. Danend crieflv wmon devistions of lozs of
data from thie C=yerr movine averare,

.

In verkinaz tbis -roblem vse no*t onlv Chart S, @ 2.C.A.«%, but ure also Chart
S, ¢, P.C.A,=3, .

In working thie wroblem walte ot leist ~1% tim= charts of the deviations,
Ra aure o racord coniova mosas in worr los,

Pro*ler 5, llaks ~ gomalckg tine chart .atlvﬁiv of tha 9—v9"r moving average of the
stock martet fiewres (S, £ ?,C.A,, .8,-1, Col,. C Clsaraman numbers Col, F),
lenzika 15 ws~rs nd vo.  In trie comnection stud; 3, 7 P,C,A, Chrre 3 vhere
th: 9-yvenr movineg -~weraze valney nra Hlottacd.

38 svre to sxplaln in vwour loz just vtat ~ou do and yhy vou did it.
Probler 6. linke on- time ehart of loes of atock morvet data (S. & P2,C,4.,7.5,-1,

Col. B, cle~rysan nmumbars Col, E) vsinz for lep<th the leanzth vbich in Fro-
Wlen Iboaseng bast

linke -rour nota=a full ~nd comrylate.

* ¥ % %

Send in §,P.C.A,,7.3,-1, wour loy srd aJl vour time charts.

* ¥ ¢ *x

.

P.S. Tris iun't maxa-“elieys anv mors., This i: ths real thingz.
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S'""ASTDARD PRACTICTH IWS''RUC -IONS
5. Indexes

You will need at least two indexes (really lists) for everv time series to
which vou »ive serious study: (1) A list or index of line charts, (2) a 1list or
index of time char's and veriodic tables. Each index is merely a list in chrono-
lozical order of the material concerned.

In each case the purnose of the index is wrimarily to tell you the number
of (a) the last line chart or (b) the last time chart or neriodic table you have
nade so0 that you will know the number to give to the next one.

Bovever, the index of line charts has a secondary value. It is often easier
%0 scan than the line charts themselves if vou wish to knowv is there a chart of
such and such a sort.

If line char‘s et too numerous, a cross index on 3x5 cards can be established
and filed bv con-ent.

In the index of time char's and periodic tables these two sor“s of material
are entered interchan-ably.

Ag time char*s and veriodic :ables are filed by wave length it is easier
to find them directlw than dv reference to the index.

Tabuleiion Sheats do not need to be indexed, but for big jobs it is sometimes
necessary to se% up a cross index for the golumnsg of tabulation sheets, perhaps
on 3x5 index cards,
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STANDARD TRACTICE INSTRUCTIONS
6. Thre Graduated Scale

1. It is desirable to make rraduated scales on heavy nlain vhite maper or
li~ht cardboard.

2, Graduated scales ghould bhe adbou: as long as your chart paper.

3. Craduated scales should be of some siandard width., An inch is about
rizht, '

I, Do no’ use the end of the scale for thre O, Rather, put the line repre-
senting O ir about half an inch from the left band margin,

5. Be neat.

6. lake the lines revresentine each five cvcles a little longer than the
othrers.

7. TFunber the cvcles from left to right, star-ing with O,

8. Alwvavs pvt the length of the cvele and the name or number of paper to
which the scale apnlies in *he lower left band corner. Examvle: vel_yr. for
Polyournose”.

9. Aluvavs--and *this ie immortant--always check the overall length of the

. eraduated scale to make sure there are no cumulative errors. For examnle, if your
scale shous twentv 5.4 vear cvcles iits overall length (0 to cycle 20) should total
108 years. See that it does. Then mark “ckd" with your initial and date in the
lover right hand corner.

10. File eradua‘ed scales (1) by kind of paper and (2) by lengtk of cycle.
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STANDARD PRACVICE IMSYRUCIIONS
7. Time Charts

1. To ma%e a time chart, use cross section paner, unaccented, 5 lines to the
inch each way. If necessary, pante two or more sheets togeiher, side by side,
or use paper 11 x 17, or 11 by some longer length.

2. FPlace vour initial and the date in the upper left hand cornmer.,

The date certifies the time of your discovery of the cycle. However the chief
use of the da‘e here and elsewhere is for your own information later. A year’
from now, let us say, in reviewing your work, if your notes are poor, mislaid, or
confused, vou can often tell from the date, which of two time charts (periodic
tables, or vhatever) was made first. For example, if your 8,5-year time chart
is dated 8-10-53, and your 8.4-year time chart is dated 8-11-53, it is obvious
that you first thousht the length was 8.5 and that, from this time ehart you de-~
duced that the lenzth was more probably 8.4 and that you then made another time
chart of the shorter lengtb--instead of the other way around.

3. Place the title of the chart at the top of the sheet (i.e. top as it
would be when filed in a loose leaf note book).
sud sudb
Alvave start your/title with the length of the time chart. Hake/title full
and comnlete, For example: "ll-vear T.C. of Dev. of logs of data from their
%WrmA.Vyz,

L, Tnter name of Time Chart in Index of Time Charts and Periodic Tables in
consecutive mumerical (and hence in chronological) order.

5. Place number of Time Chart in uprer right hand cornmer of Time Chart.
Get number from Index of Time Charts and Periodic Tahles.

6. Next make your grid.
7. Yov mave your time chart proper.

8. Record on the time chart itself any computation regarding length of indi-~
cated rhythms, or any observations that may occur to vou, for examdle “6o- & jﬁ-yr.
also?" or "Let's now try 13 3/4," or whatever.

9., Record on the time chart in the lower right hand cormer the source of the
data used in makinge it.

10. Do not neglect S0 record in the log whatever vou are able to learn from
the time chart.

11. TFile time char“s intermingled with periodic tables in order of length,
shor:est on ton. File by length of time chart and not by length of the indicated
rhythm, bu’ cross index by length of rhythm or rhythms if you wish. If you have a
time chart and a periodic table of identical length, file time chart on top.
Doudble and trinle time charts are filed according to the lengith of the wave being
doubled or trinled. Thus a 12/2 time chart would be filed under 6. So would an
18/3 time chart.
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WL : LESSON VIJ&
Ei‘:**:‘ 4 Short-Cut or Bastard Hethod of laking a Time Chart

_;if Altroush it is desir~bie to use the methods of constructing a time chart set
k&t in Lesson VI, som-times, when I plan to supplement the time chart with other
Qiatbods, I use the short cut or bastard method described below:

‘I’ .
- 1, Hare n chnrt of the curve ren vish to annlvze, prefersdbly on r-tio seale
‘upless ~ou \re char ars tle lora of ths dnta.

§;+~ 2. liake vour time chars grid.

;-"' 3. liark off on a miece of »aner n lepeth equal to your clearsga.n standard
.Q}.of the lenzth of the time chart, or the next smaller even number

.F; b.” Usinz tris maver to measure backunrd from successive possible crests and
troughs, nick out the full standnrd highs and lovs and post corresponding dbars

intc the time chart zrid.

‘ S. Pick out vairs of secondary or ter insry turnine points, as moy be neces~
ary to comlate the bars of the time chart.

6. Connect, rearrsnse, ~nd linc up bars,

* % ® ¥

‘Fo%e th~* +this method saves commutaiion of clearsnan numbers. On the other
hand, it cosis vou the ben~fi s th~t come from beire oble to read values and
cle~rsnar nvnbers direct from the 'ime charg.

This metrod is not ~denvate if vou nre going to lean beavilv on the time
chart, dbut it wvill sometimes serve if the time chart is to be suonlemented dy
other methods.

i
H
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LBSSoy Vi
Supplement 2.
TIIE CEARTS

:+ " In’general, students have had less trouble with time charts than I expected.
'%ﬂbvover, some noints have come up vhich I would like to clarify.

N
W .

£
2_1»'
A
i:‘ “"‘ -
x

ks

£

A Fittine Straieht Slope-Lines to the Connacted Bars.

Lines to shov the slope of the bars should de fitted by eve. I often place a
ruler edrevays over the bars and determine their slope by looking straizht down on
the uoper edzc of the ruler. liore often I place a transpvarent ruler flat on the

' bars to ~et an iden of the sloped line vhich most nearly fits all of them.

" I elvays commute the semi-averases and spot them on the time chart, but I never
5. let myself be hound by them if, in spitaof them, the eye savs that a line of some.
. other slope makes a better fit.

In figurinz the semi-avera~es I aluays use the nedisn bar, not the maan of the
positions of the bars. If I have an odd number of bars I sometimes use the middle
“bar tvice; sometimes drop it; sometimes make one "half" longer than the other.

Remember that if your series vere lons enou-h the red and blaclk lines would
aluays be'parallel. Any diversence is therefore an error on the nert of one line or
_ ithe other, or both. You get rid of this error (in vart) by avera~inz the slopes
of the two lines, but you can also minimize it by keepin~ the lines as nearly par-
allel to start with as the situantion permits.

Don't try to split eyelashes. Rememher the time chart ~ives only an apnroxi-
‘mation of the len~th of the cvcles. You make it to zet a hint.

Connecting the Bara

One student urote to say that you could connect the bars of a time chart to
maZe them shov any lenvth vou wished. This statement is not entirely so, but there
is a good denl of truth in it notuithstandinz. There are often scveral ways in
which vou can conncet the dars of a time chart.

In fact one and the same tinme chart vill often serve to indicate several diff-
erent cycles, all present concurrently in the same series of fimures. That is one
" of ita advantarzes. .

, Keep in mind the three main uses of the time chart: One, to show the most

. promisine cycle of the series, two, to help evaluate some particular cycle in vhich
.you are interested, and three, to zive you hints of other cycles also_g;eaent in the
‘., meries, oo T ’

If your object is the first one, vou connact the bars to #o ithere they will--
,-as lon< as thev oscill~te around a strairht line.. If vou have the second objective
‘< you try to hold the time chart to the len~th desired. (In any event you also look
g;for other patterns into vhich the bars can be fitted.)
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In any case, however, you must play the gane and use the highs and lovs of
greatest clearspan. You can't throu out a bar vith a bis clearsvan end use a bar
vith a little clearspan instead, just because the bar wvith the little clearspan
falls vhere you uant it to and the bar vith the big clearspan doesn't.

Posting Clearspan umbers and Yaluas

One student wrote to say he could not sec the vse of postins values and
clearspan nunbers abovc and belowv the bars of a time chart.

The'inportnnce of postins such cle~rsnan numbers is fourfold:

One. as both the clearshan and the vnlue are irmortant characteristics of your
hizhs or lovs, it aids you in the nroper connectin~ of wour time chart bars to have
thrge values in front of you.

Tyo, the valves and cleartnan numbers heln vou to understand the character<
istics of tre curve. This_is csnecinllr true vhen you have & time chart of the
orizinal dota (or their lozs) or have devintions from a straigzht line or other
mathenm~tical trend.

Yhen, under these circumstarces. you haove values and clearspan numbers on the
bars vou can rend at & slance, "The 9-year cycle has never had a hizh with a clenr-
snan of less than so and 80; never a Yizh with a value of less than so and so.

Ag the nresent values does not meet these standards it cannot be the hih of the
move unless it dbreaks all nrecedent.”

Or, instead of "never" you can say "only once in five times," or whatever the
facts are.

Thrge. the values and the clearsman numbers heln you to squeeze additional
informtion from your time chart. For examnle, every other lovu may tend to be
lover, or Mwe kigger clearsnans, or vhatever.

Four, 1t encbles me to sce with relative ease if you have made your time chart
correctly. I cannot undertae to correct time charts without such postings,
eqpecially tine charts of datn of your ovn choosing.
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LESSOr" V1 '

Supnlement 3
TINE CHARTS——Continued
Question:

Item (k) page 18-19 in reference to measurements of cycle length as indicated
by time-chart analysis reads in part: "Thus if you are working vwith an ll-year time’
chart and if, measured from the m:ddle of one cycle to the middle of 10 cycles later,
ceeest Uhere is the "middle" of a cycle on a time chart?

Angwer:

The column of 2 time chart from one base mumber to another is itself a cycle.
It would have been clearer, hovever, if I had said "Measured from the middle of one

column to the middle of the column which comes 10 columns later." See diagram en-
closged.

Qestion:

The last paragraph of item (x), paze 19 in reference to measurement of cycle
length as indicated by straight lines fitted to the bars of a time chart, reads as
follows: "In making this computation with time charts of fractional length commare
cycles of the same length. For example, if you are working with an llé-year time
chart choose cycles for measurement vhich are 11 years long or wthich are 12 years
long. Do not have one of them 11 years and another 12 years." Since the measure-
ment is alone the straight lires which have been fitted to the bars, and since a
straisht line rises or falls a constant amount per cycle, I do not see how the length
of the individual cycles could affect the results of the commutation.

Angver:

Uy use of the worl cycle to represent- the successive sections of a time chart
is azair the cause of your confvsion, If you substitute the words columns, I think
the sentence will become clearer. Thus, "In making this computatioh with time charts
of fractional lengths comvare columns of the same lensth. ror exammle, if you are
vorking vith an 113-year time chart comnare columns for measurements which are 11
years long or which are 12 years long."

In this connection refer to diagram 2.

Mestion:

In fitting a straight 1ine to the bars of a time chart by the method of least
aquares, I assume that the base years (assuming annual data) are taken as the X values
and the years after base as the Y values. Ia that correct?

Answer:

Ag a rule it is undesirable to fit straight lines to the bars by means of least
squares.
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The only exception might be where you had a great many repetitions of the cycle.
But even here the snmecious accuracy of a straight line fit ie likely to be misleading.

However, if sometime you do want to fit a straight line by least sguares, a
quick easy way would be: For the Y values assign values to the bars dased on their

vertical vosition. For the X values assign values to the bars based on their hori-
gontal position. See sketch 3.

Buestion:

In fitting a straight line to the bars of a time chart by the method of semi-

averages, I assume you averange the years after base (assuming anmal data). not the
year numbers. Correct?

Angwer:

Yes, you average the years after base. Thus if you have three entries, one one
year after base, one two years after base, and one three years after base, the middle
one vwould be two years after base. Actually this can be done quickly by counting as
in the 1illustration for t'e guestion immedintely above.

Mestion:®

In fisting a straizht line by the method of semi-averages do you use the median
or the mean?

Ansgwer:
Use the median.
Question:

The last paragranh of item (f), page 15 reads in'part: "For examnle if you
are maZzing an 11.4-year time chart number the lines 0, 1, 2, 3, 10, 11, 11.4
(for the 12th line), Do thie as a reminder of the lensth of the cycle. However,
the line so marked still renresents 12 years after base.” I should think this
practice would be confusing, esvecially when fitting straight lines, measuring cycle
lenath etc.

Angwer:

I find it helnful to de reminded in this way of the lenzth of the time chart.
However, if you find it confusinz, don't do it.
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LESS0H VI
Sunplement 4
TII™ CHARTS—Continued

There is only one vay to determine the vairs of full standard highs and lowe for
a time chart of any given length. However, when it comes to deciding whether or not
to dron out a nair of bars (leave a pair of bars unconnected) or whether or not to
add a nair of bars, c41e or dboth of which are sub-standard, there are different ways
in vhich this choice can be made. There is no single ab~olutely right way.

In part, what nair of bars you use denends uvon vhat you wish to learn from
your time chart. If you wvant to evalu~te some marticular cycle length you will use
pairs of bars to reveal the extent to which hizhs and lows oscillate around an axis
at or near that narticular lensth. On thes other hand if vou are merely exmloring,
vou will wvant to let the time chart tell its own story, and 2o up or down at will.

For exarmmle, on the stock market devintions with uhich you are workinz, the
7 year time chart can be alloved to take 1ts ovm course, in vhich event it will
reveal a cycle about six years long. However, if you already knov of this cycle or
if, for some other reason, you uwish to investigate the nossibilitics of a 7-year
cycle, you can use nalrs of bars in such a vay that they will throw light on the
nrobability and lenzth of any cycle in the general neighborhood of 7 years long.

Host of the time charts can be connected in at least two different vays. This
fact is illustrated in the sarmles enclosed.

I find the chief errors .iade by students in connection wvith time charts to be
as follows: :

1. Yhen students have to mave use of a sub-standard bar, I find that some of
them not onlv dash the sub-standard bar but the full standard bar that accommanies
it. Threy should nct do this. Use broken lines onlv for sub-standard bars and the
vertical connectinz line preceding them,

2. Some studente seem to think that a bar of full standard clearsvan vhich
havwpena to come where vou want it can be used in preference to the objectively
determined hivh or low. This is wrons. You must, 1% is true, occasionally throw
out pairs of’ full standard highs and lows, or add pairs, one or both of which are
sub-standard, but you can pever subatitute a bar of lover clearspan for one of
hisher clearsvan, evcn thouzh there is a clearsnan of different color between them.

3. Another mistake freovently made by students in connection with time charts
is in determining the slove of the line of highs and the line of lgws.

I somatimes vish I had not mentioned the use of semi-averames. Fit your lines
of high and the lines of low by EYE, For this purmose I find it best to use a
transparent ruler laid flat on the time chart.

After vou fitted the line by eve, find the median dar of each color in each
half. Post a dot with a circle around it to mark this median mosition. Note
vhether, in the light of this additional information, you wish to revise your line
of slope.
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