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LESSON VI -
Supplement 5
THE TIIC: CHART PROBL:MS ¢

Ye are gettinz nov into the realm where there is no longer any "right" answer
to things. There ie your answer and my answer,

Of courre I have probably had more experience at this sort of thing than you,
8o 1 sunmose my answer is more likely to be right. However, in any given instance,
this 1s not necessarily so. Do not therefore, take vhat I say as gospel. I could
be wrong. (Every man is entitled to his first mistake!) Une the old beano. It's
lotr of fun to trip the teacher.

Hoatly the students got the same answers that I did. Hore in detail——

Problem 3. (You will remember that thin problem asked vou to find the most
prohadle cvele in the range 7 to 13 years in the lozs of the S, & P, C, A, actuals,
expres~ed as deviations from their 9-year moving average.) Hy answer is that a cycle
a little over 9 years long--perhans 9.1 or 9.2--is most probable, but that there are
hints of a mumber of other cvcles within this range which should be investigated also.

Problem 4. (This vrodlem asted you to find the most probable cvcle in the S. &
P. C, A, 9-year moving avernze itself,) liy answer is that the most nrobable cycle
is about 20 or 21 years lonz.

Problem 5. (Here, using the actual S, & P, C, A, lo~s, vou were asked to make
a time chart of the length found best in Problem 3.) In working this problem I used
a 9 1/7-year length. My conclusion was that this cycle is mresent in the actual
fizures as well as in the deviations, dut of course not quite so clearly.

Now, althoush most of vou came to the same conclusions that I did, there were
frequent differences of detail. Therefore, I think it will be helpful if I work out
at least nart of this zrouv of problems for you so that you can compare what I did
with what you did. I ghall do so.
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LESSON VI

Supnlement 6
SOLUTION TO PROBLIIIS

Probably the best way to correct the time charts called for by Lesson VI is to
show you howr I would have drawn them, and to tell you, for each step of the process,
Just wvhy I did es I 4id., You can then corpare your work with my work. In some
instances our methods and/or our results may differ. In such cases, if you can see
the logic of vhat I did, you can correct vour work accordingly. If you think vour
vay better, write me and I will either stand corrected or argue it out with you.

As Problem 5 is simpler of solution than Problem 4, I shall start by giving you

my solution of Problem S. I shall then work out at least a partial solution to
Problem 4.

LOG OF PROBLEH &

/
Inspection of the 9-year movinz average of logs of actuals plotted in S. & P.
C. A, #3 (the broken line) shows four and a half clear cut waves.

Lows fall: 1858 or earlier'[ ' Interval
4 .17 years, or more
1875 [ |
- 20 years
1895 11
> - 22 years
1917 [
~ 7 19 years
1936
Highs fall: 1871 [
: 14 years
1885 1
* " 28 years
1913 !
' 14 years
1927 !

! 22 years, or more
1949 or later !

The fact (a) that there are tuo hizhs 14 years apart, (b) trat the 28 years
betveen them is two times 14 years, and (¢) that the present wave can hardly end
short of 1952, which would make it at least 25 years long (nearly 2 x 14 years),
suggests the possidility of a cycle about li-years in length.

There mav indeed be a cycle of about this lenzth present in this series of
fisures. Hovever, startinz at 1885, there is no high at or near 1899; no low at or
near 1904, no high at or near 1941, and no low at or near 1948, In other words,

there is no consistent l4-year rhythm in the 9-year moving averages of the S. & P,
C. A,
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By inspection, the only rhytam present in this series of fisures is the one of
19% or more years suggested by the waves. (From the lov of 1B58 or earlier to 1935
equals 78 years or more. Four cycles in 78 years or more. Four cycles in 78 years
or more equals 19% years or more per cycle.) To try to get a better idea of the
%enzth of this cycle let us make a 20-year time chart. This is done. See T. C.
o. 1.

Ve start this time chart with a base one year before the beginning of the
series, 80 as to have room to ptot anything wve wish back as far as there are any
figures at all.

In 1858, ve insert a red bar with the symbod ’f‘ to indicate that the low comes
in that year or earlier. Iven though there 18 no clearspan number available we use
a full standard bar because the value is so very low. However ve use parentheses to
emphasize the fact that wve do not know that this really is a full standard low,

Similarly for 1949 we use a bar with the symbol .L to indicate that the high is
in 1949 or later. As a matter of fact the high of the 9-year moving average cannot
come before 1952 unless the 1955 value 1s lover in proportion to 1954 than 1930 ucs
to 1929, The 1952 position ie indicated on the time chart by parentheses.

Both the 1858 "low" and the 1949 "high" are of course ignored in trying to
determine cycle length., They help us to know that there is something of this general
order of maesnitude; until we can time them accurately they are of no use in deter-
mining cycle lensth.

Using method of semi-averazes we get semi-average points 2 positions (years)
dovn (after base) between the 1873 and the 1893 columns; 3% ositions down betwecn
the 1913 and the 1933 columns, 2 columns later. A drop of 1# positions in 2 columne
(twvo 20-year cycles) suggests 20 # 1 or 20.75 as the length.

2

Similarly for the hishs, the first sem!-average falls between the 1853 and the
1873 column, 15 positions’(ye&rs) dowrn; the second semi-average falls between the
1893 and the 1913 columns, 18 positions dowm. The line of hizhs is thus 20 { 3 =

21.5 years long. 2

Averagins these two values gives us 21.125 or 21.1 as a rough guess of the
probable length of this cycle.

In studying this cycle further, keep in mind the possibility of the li-year
cycle mentioned earlier, Also keev in mind a possible longer cycle of which there
is a slight hint from inspection of the 9-year movinz average curve as plotted in
S,& P, C, A, No.‘3,

Just for fun, as a l4-year cycle has heen mentioned, let us meke a li-year
vime chart. See T. C. No. 2.

The "low" in 1858 or before has not been connected, as it prodadly belongs in
the previous (1839) column.

The "high" of 1949 has not been connected for the same reason (1t probadbly be-
lonegs in the 1951 column).
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The downward step-ladder of the bars suggests that the lows of 1917 and 1936
should be set back a column. Bowever, this would merely give us the 20 or 2l-year
eycle which we already know adout, so we don't do it.

Note that the median position of the highs is 4 positions dorm and of the lows
10% positions down, 6% positions later. As 63 is close to 7 (half of 14) the 1i-
year pattern, such as it ie, is nearly symmetrical. Thig fact adds to the credi-~
bility of the idea of a possible cycle of this length. It should be kept in mind
and sought for later.

Conclusions:

The only rhythm present in the 9-year moving averaze of S, & P, C. A, is one
which yields a T. C. lenzth of about 21-years long.

It should be investigated further. Use deviations from a straight line or
parabolic trend.

The l4-year behavior is provocative. Clearly however there is no 14-year
rhythm, Keep l4-year length in mind in future analysis.
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LESSON VI

Supnlement 7
SOTUTION TO PROBLEH 3

Study of S, & P, C, A, No. 4 (deviations of logs of actuals from their 9-year
moving averaga) shows rather cle~r cut cycles about 9 years long at each end of the
series--a mixed up situation in the middle.

Graduated scale of 9.1 fits fairly well.
Picture clouded by short cycle a little over 3 yeare long which really should

be removed by a 3 year moving averase before tryins to find longer cycles. (A 3- A
year moving averagze will wipe out a 3-year cycle as you will learn in Lesson XI.) ., 3442

1
However, let us make a 9-year time chart., See T. C. #3. (The series is not FB@
long enouzh to make a 9.l-year T. C. feasable--only 11 cycles. Fence make 9 year
T, C., even though it may droop a little to the right.

Ve start base numbers in 1853 so as to have room to use any values we wish
back to the beginnine of the series.

By reference to S. & P, C, A, No. 3 it 1s clear that no matter how the 9-year
moving averase £oes there will be a crest at or before 1854. This fact is indicated
by a bdar with an arrov ‘1 , dut as ve do not know just when the top really came we
do not use this bdar in determining length.

Slope of bars for both Mighs and lous determined by eye (after covering up
bars of 1854 and 1954 so they cannot be seen). Lines are drawn in. Convenient
points are chosen on the lines and marked with equares. Lines slip about 1 year
from square to square (7 columns, or as I prefer to call them, 7 9-year cycles).
Hence indicated length 18 9 1/7-years.

Semi-sveraze points are computed. They show the same slope for lows, slightly
more (9 1/5) for hishs. I still nrefer the fit by eye.

Fote that 1deal time for current high, according to line of slope, is midway
between 1954 and 1955--1.e. end of 1954,

Tons more resular than bottoms. Suggests nossible concurrent cycle of half the
9 1/7 length (4,57 year--just about 55 months, a well known lensth) coinciding on
the crests, op~osed to trough., Yatch out for it. If not taken into account this
half length cycle (if nresent) may distort the lenzth of the 9 } cycle to make it
avvsar lonzer or shorter than it really is. . \

Checked back to S. & P, C, A, #4 with zraduated scale. 9 1/7 looks good, but
orobahly sometling longer or shorter (or bdoth) also present to cause fade out from
1900 to 1925. This lenzth would be avoroximately the next higher or.lower harmonic,
1. e. 1/9 or 1/11 of 92, the total number of ycars in our series of deviations.
1/9/of 92 1s 10,22, say 10 1/4; 1/11 is 8.36, say 8 1/3. 8 1/3 looks better. Try
81/3 T C,
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Did so. See T, C, #4,
Resulte not very good. Nowhere nearly as good as T. C. #3,

‘Tor vhat they are worth however results susgest 8 1/6 for highs and 8 /9 for
lows, as per slope lines added.

Fote that I have fitted these slope lines by eye. ilote also that in measuring
slope I have picked voints on the line which are in columns of the same length. The
1861 column 1s 9 years lonz; so are the 1936 and the 1961 colums. If I'had picked
a point in the 1928 column for example (a column before a 9-year column), I would
bave picked the other point in a column prior to another 9 year column,

There could be something a little over B years long in this series, but it is
quite inconclusive.

One of the chief uses of a time chart is to sugzest cycles of a length pther
than the length of the time chart that may be present. Yith this in mind note up-
ward stepladder from the red 1?7 in 1896 to the red 42 in 1921, as 1nd§cated'by the
red dashed line. This slope suggests that, working our way toward the left, we
should move the bars of the 1878 column to the previcus (1870) column, and so on.’
Goinz to the right we would move the bars of the 1928 colwmn into the 1936 columm,
and so on.

The final result, vhen we got through, would look like S. & P, C. &, Fl-A,
The upward slovins lines meagsures ahout 6§ years, both red and black.

InT, C. 4.3 I have left out the bars as we originally used them in the 8 1/3
year time chart so you can see the 6-year cycle more clearly.

Of course we should cunstruct a 6-year time chart to get the length with
sreater accuracy. Ye do, as T, C. #5, Of couree in a 6-year T. C, the bars with
clearsnan of red and black 3 becomes full standard.

It ie clear that we must adjust for the 9 1/7 (or whatever) before we can make
much nrogress wvith vhatever it may be that washed the 9 1/7 out in the middle.
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LESSOIT VI
Supplement 8
SOLUTION TO PROBLEl 3—CO."TIHUED

In Supplement 7 I showed you how I would start to solve Problem 3. I would
got the best possidble fit for the most obvious cycle by thumbing, trued up by a
graduated scale. Then I would make a time chart of the indicated length. I
vould do this, first, to get the length of the cycle as exactly as possible,
second to get additional evidence as to the validity of the indicated lenzth,
and third to see if I could get suggestions of cycles of other lengths which mizht
also be present in the fizures.

Havinz got the first cycle pinned down as best I could by graduated scale ani
time chart I would then start to look for another cycle.

To get my second cycle I would search again by thumb and graduated scale and,
in addition, use my first time chart, to try to get hints of other lengihs.

I vould procéed in this fashion until the entire range of wave lenzths in which
I was interested had been scanned.

Hovever, it is not alvuays possidble to proceed this way. It is one of the great
advantages of the time chart that when inspedtion, thumbing, and the graduated
scale fail, the time chart will often by itself give you the ansver you are lookirg
for.

In the solution of Problem 3 of Lesson VI most of you proceeded this latter
way in more or less mechanical fashion to make 7-, 8-, 9-, 10-, 11—, 12-, and 13-
year time charts. If you could not et hints in other ways this method is all
right.

So that you can see vhat you did rizht and wrong--at least in comarison with
the vay I vould do it--I enclose horevith 10-, 1ll-, 12-, and 13-year timas charts.
Vith these in front of you, you can correct your own work.

Let me re-emvhasize that if you cannot see the logic of the time charts as I
have made them, write me (via lilss Shirk),

I am not sendins you a 7-year time chart, for two 7-year time charts have
already been sent you with Supplement 4.

Also, as 9-year and 8 1/3-year time charts were sent with Supolement 7, I an
not sending you 8- and 9-ycar time charts herevith. You can correct your 8-year
time chart from the 8 1/3-year one, just as easily as from an 8-year one.
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SSSo VI
Supplement 9
IHAKING TIIfE CHARTS YWORK HARDER

There are manytiays in which you can make time chart work harder. Some of them
are listed belou.

1. Double the bars having double or triple your standard clearspan. Longer
cycles are thus often suggested. (See Lesson VI, page 13.)

2. ‘here you have but a fev revetitions of a cycle it often helps to use
bars not only for hizhs and for lous but for upward and downwvard crossings as well.
I use blue and green for the additional bars. Vhen you do this you have four lines
across the time chart instead of twvo. This gives you four slope lines to average.
Sometimes this helps.

3. Time charts often ennble you to notice reversing cycles. (For a discussion
of reversing cycles see Lesson V-A.)

L. Cycles of a particular length plotted on a grid tuice or three times as
long as the marticular len~th are often illuminating. (See Lesson VI, page 13.)

5. Tinally comes the matter of gettins from a time chart of one length hints
of cycles of other lengths. This subjedt has not perhaps yet been fully covered.

Any tendency for bars to crawl uphill or dounhill suggests the possibility of
another cycle.

For instance refer to the time chart illustrated by the blue print, page 35
of Lesson VI.

Mote first of all the drastic drop off (toward the right) of the reds from
the red bar at month 319 to the red bar four columns later 7 lines below the dbottom
of the grid at position 434,

Connect these two bars vith a lizht pencil line. The pencil line falls off
23 lines in ! columns, suggestinz a lenzth of 23 f 23 = 28 3/4 months.
L

Now continue the pencil line upvard to the left until it cuts the top of the
grid (about a quarter of the way into position 289).

lionth number 289 at the top of the 7th column is the same as month number 289
at the bottom of the 6th column. Therefore you can continue your line upward and
to the left from the bottom of the 6th column, using the same slope (23 lines in
L columns). Your line uvill cut the top of the grid about a quarter way into the
position representing month 174,

Similorly you can extend your line to the right. It will run from position
404 at the top downuard to position 519 at the bottom, and azain from position 519
at the top dounward to nosition 634 at the bottom.
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llote np)w that there are fallings off of the red bars from month 158 to month
218 and from month 558 to month 615, but our light pencil line does not go through
either of these fallings off. It is too steep.

How, either by trial and error or by the use of a little arithmetic find the
slope of a nev line that will take all threec of these drastic dounsweeps into
account.

I shall first proceed by trial and error. To start with, at a guess, I'1ll run
a line from position 558 to position 427. This line has a slope of 16 lines in §
columns.

Continuing this line shous thot it also is not quite right. -  Perhaps a line
that ran through month number 158, doun to the bottom of the -rid, once across the
grid, and down azain to the tar at month number 558 would bLe best. Such a line
would have to slip 16 £ 23 4 16 lines in 15 columns, of 3 2/3 positions per column.
This is 11 positions in 3 columns,

(If you count from the column which contains month number 158 to the column
vhich contains month number 558 you will get 17 columns. However, if you were to
connect these two bars by onc single line of the sort described you would have to
set your month 558 bar back tuo columns. Hence to get the slope you count two
columns less.)

A lipe drawn in on this basis fits fairly vell. It suggests that ve try a
26 2/3-month time chart.

Similarly the upwvard slope of the high from month 231 to month 312 could be
investigated. In fact all tendencies of highs and/or lows to run upward or doun-
ward offer clues to possible additional cycles. Usually they are all worthy of
the feu extra minutes required to exwlore them.
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L7ssor VI
Supplement 10
NOTH'R TIIE CHART
, Because time charts aro rather scarce--except in the files of the
few cycle analysts who knov about them——I think you will be interested to

see a time chart of the 9.18 month cycle in the ton miles of the Canadian

Pacific Railuvay. This time chart was made by G. lieredith Rountree, Chief

Statistician of that company. 1t is reproduced from Cycles for June, 1951,
page 216, |

The time chart is of the deviations of actual ton miles, adjusted
for seasonal variations, from their 9-month moving average.

You will note that, to simplify the presentation, lir. Rountree made
a 9-month time chart instead of a 9.2- or 9.18-month time chart., He then
allowed the bars to fall off to the right and fitted a 9.18-month line
to them,

You will also note that, because color was not available for repro-
duction, some of the usual time chart conventions in regard to color had
to be violated.

x * *

To fill up the back of this page I am reproducing for you the

Foundation for the Study of Cycles Index of Railroad Stock Prices, 1831~

1951, reorinted from Cycles for April 1952.
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FOUNDATION FOR THE STUNY OF CfCLES’
INDEX OF RAILKOAD STOCK PRICES, 1831-1951

mon stock prices suitable for cycle
analysis we proceeded as follows:

As the basis of this index we used
the following source material: (1) For the
period 1831-1R70 we used the Cleveland
Trust Company Index of Rail Stock Prices;
{2) for 1271-1938 we used the Standard
and Poor’s Corporation Index of Railroad
Stock Prices as extended Lackward by Alfred
Cowles I7] and Associates and pul)lished hy
them as Tndex P-3 in their liook Common
Steck Indexes; and (3) for the period
1929-105} we used the Standard and Poor's
Corporation Railroad Stock Tndex as pub-
lished in the Survey of Current Rusiness.

T O construct an index of railroad com-

As the Standard and Poor’s Corporation
Index is now hased on 1935-39=100, Lut was
formerly bLased on 1926=100, and as the
Cleveland Trust Company ¥ndex differs from
the Cowles Index, adjustments were made as
follows:

1R31-1270, x 1.149
1R71-103”, x 2.643
1939.1951, x 1.000

The values of the new index, thus de-
rived, are given bLelow.

You can keep this index up to date from
year to year or month to month or even
from week to week from the Survey of Cur-
rent Pusiness.

TABLE 1
Tie FOUNDATION FOR THE StupY oF CycLES INDEX OF RAILROAD Svock PR ICES.1831.19S1,

YEAR INDE X YEAR INDE X YEAR INDEX YEAR INDEX YEAR INDE X Year INDEX
1831 55.8 1851 74.3 1871  115.5 1891  123.2 1911 262.7 1931 191.6
32 7.8 52 83.5 72 t21.6 92 134.3 12 265.9 32 69.8
33 5.6 53 85.1 73 116.0 93  114.7 13 238.9 33 99 .7
34 69.1 54 £9.9 74  109.7 94 104.9 14 222.0 34 109 7
35 93.0 55 61.4 7%  106.S 95 107.6 15 213.8 3s 89.9
36 80.3 56 58.7 76 97.3 96 101.2 16 229.7 36 135.3
37 60.3 57 48 .9 77 74.8 97 106.0 17 201.7 37 130.3
38 53.2 58 44.4 78 81.1 98 119.2 18 181.6 38 69.0
39 48.9 59 40.1 79  100.7 99  147.5 19 185.3 39 74.7
1840 42 .1 1860 48 .1 1880 130.3 1960 150.9 1920 169.2 1940 711
4 39.2 61 44.3 8t 157.0 01 202.7 21 163.3 41 70.6
42 29.0 62 56.7 82 147.2 02 230.0 22 192.2 42 66.1
43 36.0 63 97.6 83 141.4 03 200.4 23 190.0 43 88.7
44 57.5 64 1126 84 118 9 04 199 6 24 202.7 44 101 0
45 §5.8 65 96.9 85 1147 05 258 0 25 236 6 45 136 9
46 9.0 66 100.0 86 134 3 06 2759 26 264 3 46 143.0
a7 64.0 67 93 S 87 138.5 07 227 6 27 3148 47 105.3
48 57.8 68  111.5 88 127 9 08 228 4 28 333 6§ 48 114 8
49 60.8 69 117.2 89 127 2 09 28t 8 29 389 3 49 96 .6
t850 67.0 1870 115.3 1890 127.9 1910  266.4 1930 330.1 1950 116.7
51 148 8
TABLE 2
DEVIATIONS OF YHE LOGS OF TWE INDEX OF RAILROAD STOCK PRICES (SHOWN IN TABLE | ABOVE)
FROM THEIR 19.YEAR MOVING AVERAGE
Yeag Logs YEARr Logs Year Ltoes Year LtoGs YeAR Logs YEAR toes
1831 +2.039 1851 2.123 1871 2.057 1891 1.994 1911 2.065 1931 2.086
32 *2.0%0 52 2.164 72 2.057 92 2.025 12 2.079 32 1.671
33 *2.161 53 2.162 73 2.026 93 1.945 13 2.033 33 1.849
34 *z. 118 54 2.06% 74 1.997 94 1.895 14 2.002 34 1.910
35 *2.244 55 1.991 75 1.979 95 1.893 1S5 1.991 3s 1.842
36 *2.175 56 1.950 76 1.937 96 1.851 16 2.026 36 2.035
37  *2.047 57 }.871 77 1.81S 97 1.855 17 1.966 37 2.037
38 *1.986 8 1.818 78 1.845 98 1.893 18 1.913 38 1.788
39  *1.946 59 1.761 79 1.937 99 1.973 19 1.918 39 1.849
1840 1.878 1860 1.826 1880 2.047 1900 1.965 1920 1.869 1940 1.857
At 1.843 61 1.779 81 2.125 o1 2.075 21 1.843 41 1.865
42 1.708 62 1.879 82 2.097 02 2.115 22 1.927 42 1.81%
43 1.799 63 2.108 83 2.076 03 2.035 23 1.951% 43 *1.977
44 1.996 64 2.158 84 2.000 04 2.015 24 1.997 44 *2.033
45 1.991 65 2.081 85 1.984 0s 2.109 25 2.079 45 *2.165
46 2.02t 66 2.079 86 2.051 06 2.122 26 2.149 A5 *2.184
47 2.057 67 2.036 87 2.057 07 2.020 27 2.234 47 *2.051
48 2.015 68 2.100 88 2.017 08 2.010 28 2.274 48 *2.088
43 2.039 69 2.105 89 2.010 09 2.097 29 2.356 43 *2.013
1850 2.083 1870 2.081 1890 2.010 1910 2.067 1930 2.304 1950 :2.093
* FROM THE ARBITRARY EXTRAPOLATED VALUES PLOYTED IN FIG. 1, PaGES 124/25 51 2-20
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LESSON VI
Supplement 11
HfORE ABOUT ROY TO GET HINTS OF CYCLTS

Several years ago I urote an article called "How to Get Hints
of Cycles." This article was printed in Cycles for September 1950
and October 1950,

It more or less repeats what I have said in Section A of Lesson
VI and in other places in the course, however it does have a little
nev material. And anyway, saying the same thing in other words
sometimes helps. I am therefore having it reproduced and am send-
ing ié to you herewith. I hope you find it useful.

lfany of the methods mentioned will be treated at greater length
later in the course. Do not be disturbed if the outline enclosed is
too sketchy to be entirely clear. This defect will be corrected as

the course progresses.



Technical

CYCLE ANALYSIS

HOW TO CGET

In Two Parts

To make a cycle analysis of a series of
figures, you must do four things: First you
mist get a hint of a cycle that may Le
present. Second, you must find out all you
can about this cycle. Third, you must
come to an opinion in regard to the sig-
nificance of the cycle end accept it as a
prolable reality, or reject it as probably
due to random forces. Fourth, you must see
if there isa hint of another cycle present,
ahd if so, you must go throngh the same
steps all cver again. This process nust be
contitued until all the important cycles
present have been discovered, studied,
characterized, and evaluated. You have now
completed your cycle analysis.

11, following your analysis, you adjust
the original figures for the combined eflect
of all the accepted cycles, the remainder
will be a combination of the trend and the
sporadic or non-cyclic fluctuations (includ-
ing in this category the unimportant
cycles, if any). To these figures you can
fit a trend which you can project with due
caution. You can then ‘wrap’ the discovered
and accepted cycles around this trend to
show what will happen, except for non-
cyclice fluctuations, if the trend and
cycles continue as determined.

You will recall that your first step is
to get a hint of the cycles that may Le
resent. How do you do this?

At the Institute held at Foundation
Headquarters from June S5th to June 10th,
we discussed fifteen of the ways in which
this can be done. We also discussed types
of machines that have been found useful in
mnimizing computation.

10

HINTS OF CYCLES

- Part I

An outline of this part of the work of
the Institute follows:

HOW TO GET HINTS OF CYCLES
THAT MAY BE PRESENT
IN A SERIES OF FIGURES

Graphic Methods

1. Simple inspection
2. Quick count

3. Graduated rule

4. Time chart analysis

Computational Methods

5. Limited data
6. Autocorrelation
7. Relatives: (a) simple; (b) complex
8. Moving averages
9. Section moving average: (a) simple;
(L) weighted
10. Elimination of trend: (a) by compari-
son of the data with their moving
averages; (L) by other means
11. Comparison of one moving average
with another
. 12. Periodic tables
13. Harmonic analysis: (a) simple, and
(b) multiple
14. Adjust for cycles already found
15. Dr. Norlert Wiener’s methods

Machines

1. Optical machines

2. Mechanical machines

3. Electrical machines

4. Punch card and talulating machines

It may prove of value to you if this
outline is expanded.



20 CYCLES — A Report for September 1950

I fecl somewlat apologetic about givaing
you merely a Lrief description of the
diflerent methods, for at the Institute we
spent up to two hours apiece in developing
and describing each of the nineteen head-
ings listed alove, but space limitations
prevent an adequate treatment in this let-
ter. As far as I can, I will make up for
this deficiency Ly giving you references,
ahd as soon as possible, T will write
Technical Bulletins to cover each of the
methods or will get someone else to do so.

GRAPHIC METHODS

1. You should chart the figures (usually
o semi-log paper). When this has been done
you can often pick out the rhythms by
simple Inspection.

2. You can make a quick esunt of the
time intervals between successive crests
(or troughs) on the chart thus: Crest; 1,
2 3,4, Screst; 1, 2, 3, 4, 3 crest;

1, 2, 3. 4 crest; 1, 2, 3, 4, 5 crest; etc.

This method will often disclose crests
(or troughs) coming at more or less regular
intervals. Such d*sclosures can be used as
a basis for further study. In the example
given you could see if the tendency for
crests to come at fve unit intervals con-
tinued throughout the rest of the series of
figures.

3. You can make a series of graduated
rulars scaled off at various uniform inter-
vals and slip them back and forth upon the
chart. These rulers can be made of paper.
This method will often give hints of
rhythms that escape oblservation by either
ol the methods named above. Be sure to
look for Loth highs and lows.

4. You can compute the clearspan num-
bers and make a time chart anslysis. This
method is explained fully in Technical
Bulletin No. 3, issued Ly the Foundation
last year. To my mind the lloskins Time
Chart is the easiest and lLest way to get
hints of rhythms when a chart of the figures
does not show the rhythms Ly simple inspec-
tion as suggested Ly methods 1, 2, and 3

above. It is also a very valualble way to
check the regularity of the cycles sug-
gested Ly other methods.

COMPUTATIONAL METHODS

5. The simplest of the computational
methods is one brought to my attention ly
Boynton Hartz of Detroit which he calls
the limited data methed. This method in-
volves reducing excessive fluctuations of
the data on the theory that sporadic fluc-
tuations of great magnitude are necessarily
the result of random forces, or of cankina-
tions of cycles in addition to the cycle
for which one may Le seeking.

The method involves ranking the moves
both up and down and arbitrarily reducing
all the extremes i1n each array to the
value of the ninth (or sone other) decile.

It can be argued that any such distor-
tion of the series distorts the values and
therefore invalidates the conclusions. Ot
course the method creates distortions, but
remember that all we are doing at this
point is seeking hints of waves. The hints
thus obtained must subsequently be veri-
fied in other ways. A treatment of these
other ways is beyond the scope of this
outline.

6. Another method is called suto-
correlation, which means merely the serial
correlation of a curve with itself. You can
get a fairly complete description of auto-
correlation in The Analysis of Economic
Time Series by Harold T. Davis, published
ly the Principia Press of Bloomington,
Indiana, in 194].

7. One way to bLring hidden cycles into
relief is the computation of relatives.
There are two kinds of relatives, one
called moving percentages, the other called
moving differences. Which to use depends
won the nature of the series being studied.

Relatives always involve a comparison
of each point on the curve with another
point or points on the curve a fixed dis-
tance away. (For example, comparing the
sales of January of this year with the
sales of January of last year, the sales
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HENRICI"S HARMONIC ANALYZER
REPRODUCED FROM THE SCIENCE OF MUSICAL SOUNDS ey DAYTON C. MILLER, € 1916,

of February of this year with the sales of
February of last year, and so on.)

To learn more about relatives, you may
want to get hold of Dirsct Mathd ot Da-
tenatning Cyclieal Fluctnation of Econamic
Date, by M. A. Brumbaugh, Prenticé Hall,
1926.

Relatives must always Le referred to in
such a way as to indicate the time interval
of the comparison and whether or not the
comparison is made hy subtraction or divi-
sion.

Que-1tem moving diflerences are ordinarily
referred to as ‘first dilferences;’ ‘second
diflerences’ however are not two-item moving
diflerences, but are one-item moving diff-
erences of one-item moving differences.

The eflect of relatives is to eliminate
wvaves of the length of the relative and of
all its aliquot parts (that is, one-half,
one-third, one-fourth, etc. ), provided of

THE MACMILLAN CO.

.ourse, that the wave is uniform as to
period, shape, and amplitude. Belatives
also magnify waves in the general neigh-
lorhood of twice their length.

In using relatives you should realize
that every excessively low or excessively
high value, whether random or not, creates
an important reflection in the opposite
direction in your relative series at just
the length of the relative away. This fact
tends to create the appearance of waves
just twice the length of the relative, but
if the points thus reflected come at random
intervals, there will not Le a tendency—
except Ly accident—for these points to bLe
in any regular phase relationship with each
other.

Complex relatives were invented inde-
pendently Ly W. C. Yeatman of Los Angeles
and G. T. Lane of Rochester. I told you
about them briefly in my letter for June.
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8. The simplest way for you to minimize
the minor rhythms and the minor random fluc-
tuations is to smooth the data Ly means of
a short term moving avarage, (You will find
many details in regard to moving averages
in the Foundation's Technical Bulletin
No. 4.) When you eflect such a smoothing,
the longer rhythms, originally obscured by
the short term movement, very often stand
ot clearly.

Using moving averages of different lengths
will help you to see rhythms of various
lengths. That is, if you smooth by means of
a short-term moving average you will be
helped to find rhythms of medium length; if
you smooth with moving averages of medium
length, you will be helped to find long
cycles. )

Having smoothed the original fgures by
rmeans of a moving average, you can subject
the smoothed figures to inspection or time
chart analysis, or any of the other methods
for obtaining hintsin regard to the length
of possible cycles.

At this point I should warn you that
cycles can be found even in random numbers.
This 13 particularly true if you compare
grcups of random numbers, as you do when
you look for cycles in smoothed figures.
(bviously one group of random numbers is
almost certain to be larger than another
group. It is no great trick to vary the
grouping (by means of taking moving aver-
ages of various lengths) in such a way that
some of the high and low groups will fa)l
into rhythmic patterns. Of course, such
pattems in random numbers are not signifi-
cant, but while they last they look like
cycles and in fact are cycles—only they
are cycles that have Leen created by acci-

dent and not by a constant underlying
force that can be expected to continue.

It is worth pointing out that it is not
the moving average that creatad the cycle.
The cycle was already there (in the figures
taken as groups); the moving average merely
revealed it more clearly.

If you wish a mastery of moving averages
as used in cycle analysis, you will be
helped if you (a) make up for yourself a
simple series of figures that go up and
down regularly, such as 8 76 545678
765456 7R8.....and take various mov-
ing averages of it, charting both the wave
and each of the moving averages; (b) make
up a numler of such rhythmic series of
figures and subject each of them to the
same moving average, plotting each of the
waves and the corresponding moving average,
and (c) get hold of or make up different
sorts of random series of figures and sub-
Ject them to different moving averages,
plotting both the random series and their
noving averages.

9. The section moving average as I call
it, is also a useful tool for finding hid-
den periodicities and for separating one
cycle from another. It is described briefly
in Appendix III of Cycles--The Science of
Prediction by Mr. E. F. Dakin and myself.

The weightad section moving aversge is
an improvement upon the simple section mov-
ing average. It was devised by Mr. Lane
and was also described briefly in my June
letter.

Space limitations prevent consideration
of the other methods in this issue of
Cycles—A Monthly Report for Septembsr.
The remaining methods and the section on
machines will appear next month.
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HOW TO GET HINTS OF CYCLES
THAT MAY BE PRESENT IN A SERIES OF FIGURES

In Two Parts

In the September report I described for
you four graphic methods for obtaining
hints of cycles that might be present in a
series of figures. I also described five of
the computational methods.

In this section of the outline, I want
to tell you about six other computational
methods that are useful and also to des-
cribe briefly some of the machines that
have Leen used to minimize the labor of
computation.

e e

T T A T
ke’ o .

- Part II

e
0

Let us then pick up the story where we
left it last month and proceed to the con-
sideration of the tenth itemon our outline.

10. Elimination of trend. There are, of
course, a variety of methods of deter-
mining trend and, upon occasion, almost
any of these will be useful in helping to
get hints of cycles that may be present in
the data.

For a discussion of many ways of trend
determination, refer to Croxton and
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Cowden’s Applied Gemeral Statistics,
pps. 363-4A3. Having determined the trend,
one should remove it Ly dividing each
point on the curve Ly the corresponding
value of the trend.

However, as an aid in finding hints of
cycles, probalily the Lest iform of trend to
use is the moving average even though,
trom other points of view, the moving aver-

Fie. 10t

Rowe's larnenic analy zer.

age may Le one of the worst torms of trend
to use. Comparison of the actual data with
the moving average will emphasize certain
rhythms at the expense of others and will
often reveal cycles that might Le other-
wise almost completely hidden. This method
has the added advantage that you can kuow
the eflect of the manipulation upon all
regular cycles that may Le present in the
series.

For a description of the eflect of com-
paring the actual data with their moving
averages, see the Foundation's Technical
Bulletin No. 4.

11. Comparing onm :naving aversgs with
anothsr is another means by which you can
manipulate the data to reveal hidden
rhythms. Put here also, as always, you need
to Le on your guard in interpreting your
results.

12. Gettiug slightly more complicated,
you may now wish to make a series of
poriodic tablas.

A Periodic table is merely a table with
as many columns as there are items in the
cycle Leing studied and as many lines as
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tliere are possible repetitions of the
waves. Into this table you post the data
consecutively.

For a rudimentary outline of the
periodic table, you might refer to Croxton
and Cowden's Appliad Beneral Statistics,
pps. 554-562, Prentice Hall, 1941.

For a better description of the periodic
table, you could examine a chapter called
‘Analysis of Non-Harmonic Periodic Func-
tions’ in a lLook Ly Worthing & Gefner
called Treatient of Experimsntal Oata,
John Wiley & Sons, 1943.

From the amplitude of a sine curve
fitted to the averages of the columns one
can get some idea of the relative impor-
tance of the average wave with a period
equal to that of the table.

By dividing the table horizontally 1into
halves, thirds, or other fractions and
taking subtotals of the columns, one can
get some idea of the continuity ot the
glven average wave throughout the series.

I{ the crests and troughs of the aver-
age wave in each section slip slightly
forward or back in relation to the section
vefore, one has a hint that the rhythm, it
present, is slightly longer or shorter
than the given length.

If the nature of the data permits,
numbers above the trend or above 100 can
be recorded in black, the others in red.
In such a table bands of color running
diagonally across the page will often re-
veal hints of rhythms that may be present
of lengths other than the length of the
talle.

13. Harmonic snalysis will give you
hints of cycles that may be present. If
done by a mechanical or electrical ana-
lyzer, it is very easy. For an excellent
description of the principles involved,
see Dayton C. Miller’s The Scisnce of
Musical Sounds, published Ly The Macmillan
Company in 1937. This book also gives an
extended description of mechanical har-
monic analysis.

before making a harmonic analysis you
wust correct for trend. Harmonic analysis



gives you the amplitude (height) and
phase (position in time) of the waves that
may be present an the average in the series
as a whole, after corrections for trend,
and for each of the parts when averaged by
halves, thirds, fourths, ffths, sixths,
etc. In harmonic analysis the waves are
assumed to be sine shaped, but of course
they may not actually be of this shape.

Unless the data are truly repetitive,
as with a sound wave, cycles obtained by
harmonic analysis are merely mathematical
bui lding blocks, and have no necessary re-
lations to reality. We merely know that
when combined they will reproduce the
original wave, but for purposes of fore-
casting, one might as well project a photo-
stat of past behavior

Although you will often find the hints
developed by harmonic analysis of use in
finding rhythms that may be present in the
figures, you can get much better results by
a nethod that I have christened Multiple
Harmonic Analysis. As far as I know, it
has never Leen described in print, and so
I cannot give you any references to books
or articles where you can read about it in
detail, but in principle it is very simple.
You merely make successively a number of
harmonic analyses (perhaps & or 10) of
shorter and shorter sections of the orig-
inal data. For example, if your series con-
sisted of 200 figures, you might make one
complete harmonic analysis of them (as far
down the scale as your machine would go),
then another complete harmonic analysis of
the first 198 figures, then a third one of
the first 196 figures, and so on, choosing
lengths according to your particular needs.

Multiple harmonic analysis will give
you many more points on your periodogram—
ten times as many points 1f you make ten
analyses. A periodogram of this sort (with
ten times as many points) is really useful
and will point out possibilities of real
cycles instead of merely recording mathe-
matical abstraction.

(A periodogram is merely a chart on
which, after due adjustment, you record
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the amplitude of the average waves at
various wave lengths. In other words, it
is a spectrum.)

14. One of the best ways to get hints
of cycles is to adjust for and eliminate
cycles already tound, just as you would
adjust for a seasonal cycle.

Fi1g. 103. Michelson's harmonic analyzer and
synthesizer for twenty components,

15. No account of methods of finding
hints of rhythms would be complete without
reference to the methods developed by Dr.
Norbert Weiner. These methods were re-
stricted during the war but the restriction
has been lifted and the methods are des-
cribed in a book by Dr. Weiner entitled
Extrapolation, Interpolation, and Smoothing
of Ststionary Timw Serles published jointly



26

by the Technology Press of the Massa-
chusetts Institute of Technology and John
Wiley & Sons, Inc., New York, in 1949..
These methods attempt to extrapolate any
regularities present in a series of figures,
together with a measure of the probability
of the accuracy of the extrapolations.

The description of the method is quite
complicated and unless you have a good
mathematical background, these methods are
probably better read sbout than attempted.

MACHINES

1. A discussion of sptical machines is
more or less academic, for there are only
two such machines that I know about, one
in Tucson, Arizona, and the other in
Chicago.

The Arizona machine was invented by
Andrew E. Douglass in 1914 and is described
in “The Cyclograph: Variable Grating Type”
in Reperts of the Conferences ea Cycles,
Carnegie Institution of Washington, 1929,
pps. 34-40.

The Chicago machine was developed
independently some thirty years later by
L. V. Mitelman. It operates along more or
less the same lines.

2. The most important of the mschanjcal
machines nused to get hints of cycles in a
series of figures or curves are the hammonic
analyzers. These were touched upon above
in the section on harmonic analysis. The
best one that I know about is manufactured
by the Mico Instrument Company of Cambridge,
Massachusetts. The latest model costs
$12,500. We would like one, so,if you are
feeling generous......!

In addition, I should perhaps mention a
machine developed by C. G. Abbot for the
mechanical resolution of curves. You will
find it described in Smithsonian Miscel-
laneous Collections, Vol. 87, No. 4, under
the title The Periodomatar: An Instrument
Por Finding snd Evalusting Periadicitios in
Leng Seriea of Observations. I suspect the
machine was not too satisfactory.
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3. A fairly large number of slectrical
machinss for obtaining hints of waves that
may be present in curves have been developed.

One of these has been described by
R. L. Wegel and C. R. Moore in an article
entitled ‘An Electrical Prequency Ana-
lyzer,” published in the April 1924 issue
of the Bell System Technical Journal.

Another machine has just been developed
by H. Bruderlin of Los Angeles. It was
first put into use in May of this year.

Samuel F. Bagno and Charles C. Works of
New York have also built a machine for
electrical resolution. This machine was
demonstrated at the June 27th meeting of
the Foundation for the Study of Cycles.
(Refer to the Septemler report, pages 29
to 32 inclusive, and to pages 28 and 29 of
this report.)

Mitelman also has invented an electrical
device for analyzing cycles. This machine
was patented October 14, 1941, under
patent 2,258,859, You can get a description
of it from the patent office for twenty-
five cents. Mitelman built a rather crude
model, to prove that the machine would work,
which I saw in Chicago in 1942. I have not
heard what he may have done since.

4. The use of punch cerd and tadulating
machines for manipulating figures is too
well known to require particular comment
at this point. Vedder Hughey of Florida
writes that he has devised a method for
computing simple section moving averages
by means of punch cards. .

G. T. Lane writes that he has made a
39-term Macaulay weighted moving average
of a series of 1100 figures recording water
levels in Lake Ontario over a period of
years in a total elapsed time of eight
hours, including punching the cards and
running them through the machines.

All of these machines are of use in
minimizing lalbor, but often they involve
more fuss and bother than the time they
save is worth. Their use depends chiefly
upon the quantity of work of this sort
with which one is engaged, and the facil-




ities one has for carrying through on the
results of the machine work.

. . . * . .

Having used one or a combination of
these methods to obtain a hint of the
length of a rhythm that may be present in
a series of figures or in a curve, your
next step, as stated in the beginning, is
to find out all you can about the indicated
cycle. For example, you must find out the
exact length of the cycle, its amplitude,
its phase position, and its shape. More
important than this, you must find out
whether or not it is regularly repetitive,
that is, rhythmic, or if it is a mere
mathematical abstraction.

If it is rhythmic, you must then go
further and come to an opinion in regard
to its significance. That is, how many
times out of a hundred could a rhythm of
this regularity exist in a series of figures
as a result of separate random forces. As

SMITHIOMAN MISCELLANEOUS COLLECTIONS
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I have mentioned before, you can easily
fnd rhythms in random figures. but such
rhythms will not continue over many repe-
titions. The problem before you at this
point is to decide the probabilities of
the observed behavior having arisen from
random forces that cannot be expected to
continue or from some continuing force
that probably will continue.

Both of these two additional steps are
beyond the scope of tnis outline but it
will be treated in later monthly reports.

b —_ ________________— - - ]
Acknowledgunent: All of the pictures in this
article, except the one immediately below,
are taken, with the permission of the Case
School of Applied Science from Dayton C.
Miller's book The Science of Musical
Sounds, € The Macmillan Company, 1916. The
picture below is taken from one of the
Smithsonian Institute publications, as
indicated.
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LESSON VI
Bupplemen. /a2
THE HOSXINS TIME CHART

The time chart was invented by lir. Chapin Hoskins, a consultant of New York
City and Hopkinton, New Hampshire. He made his invention sometime prior to
1936, in which year he revealed this invention to me.

In Lesson VI I did not call the time chart I described to you the "Hoskins
Time Chart" because what I described to you is not the time chart exactly as
Hr, Hoskins invented it and has gince developed it. Mr. Hoskins would not want
the time chart I described called the "Hoskins Time Chart." He would, I suppose,
call it the "Devey Time Chart.™"

Tha chief differences between the Hoskins Time Chart and the Time Chart I
described to you are as follows:

1. Hr. Hoskins uses reds for highs and blacks for lows whereas I use the
reverse coloring.

The reason I use the colors I do is because I sometimes use 2 time chart
in conjunction with a pericdic table done in color. VWhen time charts are used
this way, it helps to have the colors of the bars the same as the colors of
the figures in the periodic table.

Also it seems more logical to me to have the lows or negative numbers
represented by red in accordance with ordinary boolkkeeping conventions.

2, The second difference between the time chart I described to you and the
real licCoy is one of terminology. I used the word "clearspan' for the concept
vhich lr. Hoskins calls "violence.m

I finally prevailed upon Mr. Hoskins to issue an authorized description
of the Hoskins Time Chart. This description was written by Paul Davis and was
printed in the Journal of Cycle Research for January 1956. A copy of this
magazine is being sent you herewith. I trust that Wr. Davis'! exposition of
the Hoskins Time Chart will add something to your knowledge of time chart
technique.

Note that the printer got the colors on page 10 reversed. For that page
read red for black and dlack for red. ’



Lesson VI, Supplement 13

The Time Chart

Il you are performing cycle analysis manually (rather
than by computer) another useful device you can use (0
Inspect data for evidence of cycles is the time chart. Time
charts may reveal possible periods (lengths). In addition, the
time chart will give an indication of phase, but it will not
verify the validity of the cycle, nor reveal its precise am.
plitude or shape. I a possible cycle is indicated, additional
anslysis must follow.

The time chart was invented by Mr. Chapin Hoskins of
the Institute of Trend Research of Hopkinton, New Hamp-
shire. )

The time chart is a diagram of highs and lows set up in
such a way as to give you hints of thythms that may be pre-
sent in your time series. It is a most important adjunct for
cycle analysis. It depends for its usefulness upon an objec-
tive method for determining the “highs™ and “lows™ for any
given wave length being sought. The time chart itsell is
then merely a2 method of diagramming these highs and lows
in such a way as to throw light upon the length and con-

sistency of the thythm or thythms that may be present in
the figures.

The efficacy of the time chart technique depends upon
the concept of clearspan; it is necessary to understand
clearspan before attempting time charts.

First, the definition: clearspan is a number giving the
distance easured in time units from a point in time going
back to the prior point where, for rising values. there is a
value equal to or higher than the value at the starting
point: for falling values, clearspan is the distance (in time
units) back to the point where there occurs & value as low
as or lower than the value at the starting point.

Note that clearspan is a number that counts units of
time. If a data point is above the immediately prior data
point, clearspan answers the question: How long has it been
since the data were that high? You count back so many
time units until you bump into a value as high as or higher
than the one you started with. What is counted is the time
units, and the answer is that it has been so many weeks, or
months, or whatever, since there occurred a value as high
(or higher than) the one being examined.

Consider the following series of data points.

Time Period Data
Number (i.e.: value)

101
93

O NN L WK -
el
(=2}

The clearspan number for the value at position 6 is 2.
The value at position 6 is 98, and the value is up from the
previous one. You count back two places until you reach the
98 at the third position. With a rising value the clearspan
is a black value, and is obtained by counting back until
you reach a value as high as or higher than the value at
the starting point. A black clearspan means a higher value.
The clearspan for the 101 value at position 7 is 8 black S,
there being five time periods between the 101 at position
7 and the 102 at position 1.

When the value of the data point is down from the pre-
vious one, the clearspan is red or minus. A red or minus
clearspan means a lower value. Thus, the clearspan for the
value of 93 at position 8 is red or minus 3, there being
three time periods between the 93 at position 8 and the
91 at position 4.

Clearspan is counted and noted beside the data being
studied; the time chart is then plotted from the clear-
span numbers.

The time chart can also be plotted directly from a chart
of the figures being studied. The technique, first counting
and noting the clearspan numbers of a series of figures,
then making a time chart (or making the time chart from
the plotting of the figures) can be used at any stage in the
analysis. The technique can be applied to the original data,
ot to detrended data, for example.

The time chart is a grid constructed for recording the



dates of selected highs and lows. the highs and lows being
selected according to the full standard criterion established
by the period of the time chart, and the clearspan being
delermined by the movement and levels of the duta being
studied.

Only bhighs and lows tumning points are noted on the
time chart, and it is the date of their occurrence which
is noted. The rigid schedule of the time chart is determined
by the period being checked. To be enteied on the time
chart, a high or low must have a clearspan of at least half
the length of the period being checked (or the next lower
number il the period is an odd number). Such a clearspan
mumber is “*full standard.”

Thus. to check the possibility of a t2-month cycle you
would construct a 1 2-month time chart. The clearspan nec-
essary for a high or low to be noted on the time chart is
6 months. A high must be the highest high with full stan-
dard clearspan and must be preceded and followed by lows
of full standard clearspan. A low must be the fowest low
with full standard clearspan and it must be preceded and
followed by highs of full standard clearspan. The time
chart records the time of occurrence of high, low, high,
low, etc., according to its schedule.

These are the main rules with which the game is started.
A rigid format is set to check a certain period. If the data
show evidence of that period the time chart will 1eveal
it as the dates of the turning points with full standard
clearspan are marked. If the period is not the same length
as the time chart, but is near to the length, the time chart
will enable you to compute an estimate of the probable
length.

As the work on the time chart proceeds, the rules become
a little more involved, but we will start the demonstration
with the simplest passible example. Assume a cycle six
terms long: 1.2, 3.4, 3.2, and repeat. The clearspan would
be as follows:

Time BData

Period  Value  Clearspan

1 I + meant it could be
R 2 I+ more
3 3 2+ . means ared fig-
4 4 3+ urc: the curve is
5 3 R going down.
(] 2 -3
7 | -5
& 2 i
9 3 3

10 4 5

11 3 -1

i 2 3

(Etc) (Ezc.)

Clearspan is computed from the data value. Consider the
4 at position 10. The data are rising. You will go back 5§

places before you bump into a value as high as 4. The clear-
span is a black §.

Here is another example:

Time  Data
Period  Value Clearspan

| 100
2 400 1+
3 800 2+
4 700 -1
S (J4.4] -2
6 500 3
7 600 1
8 400 -5
9 300 -7
10 200 -8
(] 400 2

12 900 11+
12 1,000 12+

14 750 -2
) 700 -3
16 900 2
17 750 -1
18 650 -0

Highs and lows are turning points terminating rises and
declines. If a cycle is contained in the figures, it should
contribute some of the turns seen- not all of them—but at
least the turning points on irs schedule, if its amplitude
is sufficient. Therefore, only the highs and lows on the
schedule of the period being checked are valid to consider.
Using a schedule based on an assumed period is an objective
methiod for checking the presence of the assumed period.

The six-term cycle used above to illustrate clearspan
is plotted below. The cycle, being an ideal situation, repeats
precisely and continuously. (Such a rhythm is technically
labelled a periodicity.) We'll use five repetitions of the
cycle here to make a time chart.

Note Mhat in the repetition of the cycle, the last term
of each repetition is the base (or zero term) of the next
repetition.

Fig. 1: A 6-TERM CYCLE REPEATED FIVE TIMES



To check if there is a 6-termn cycle, 2 6-term time chart
is constructed. There are six vertical positions. The first
position in each column is zero to that column and the
positions going down are 1, 2, 3, 4, 5, or 6 places alter.
Going down the fourth column, the one headed by 18,
18 is the date of the zero position or base for that column,
The first position below 18 marks the 19th time slot; the
sixth position below marks the 24th time slot.
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Fig. 2: A 6. TERM TIME CHART GRID

The first high (crest) in the 6-term cycle occurs at time
position 4,

On 2 6-term time chart, a high or low must have a
clearspan of at least 3 to be entered. The first high occurs
at time posilion 4, and has a clearspan of 3. It is followed
by a full standard clearspan low, and can therefore be
entered on the time chart at position 4, four places after
0 in the first column. The second high also qualifies under
the rules—a clearspan of at least 3, and lows of full standard
clearspan before and after; it can be entered at position 10,
four places after 6 in the second column.

The crests would all be entered as shown below,

T R R R R
: }" H ,I; : } i Lj n—?-» l"}‘-‘ 1 . —}-
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n ! .[ 4 .i”- EiH
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Fig. 3: HIGHS OF A 6. TERM CYCLE ENTERED
ON A 6-TERM TIME CHART

However, crests and troughs are more correctly entered
successively; the complete chart follows. Crests are entered
as black lines, troughs as red lines where color is possible.
Here a broken line is used to denote lows.
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Fig. 4: A 6. TERM TIME CHART OF A
6 TERM CYCLE

The first entry on the chart is a low at position one.
Because you cannot be sure it'is a low—no data occurring
before that point-parenthesis are placed around it on the
chart and an arrow noted.

As mentioned above, highs and lows are entered succes-
sively. Although the result here is two horizontal lines, the
lines eventuated only as each separate entry was made;
the separate entries just happen to connect.

The horizontal line on the 6-term time chart indicates
the possible presence of a 6-term cycle; further analysis
is necessary to verify the significance of the cycle, and to
obtain a description of its characteristics. It is obvious,
however, that you could reach a conclusion about the
timing (phase) of the cycle from the above time chart.

Note that the clearspan is written to the right under
each entry as the entry is made. In a complicated situation
this notation can be helpful.

The time chart can be plotted from either the clearspan
numbers, or the chart of the data. When the chart is
used, clearspan is checked visually as shown in the following
enlarged section of our 6-term cycle. (See figure 5.)

Our example is as regular a cycle as it is possible to
find. Unless you are unusually perceptive or are making a
12-month time chart of a monthly weather series, or de-
partment store sales, or agricultural prices, it would of
course be unusual to draw a time chart with the bars going
horizontally with such precision.

ANOTHER EXAMPLE
The following tabulation records the warmest month of

the year at San Francisco for the years 1931—1940. The
month numbers are also noted, as the time chart is set up



s .— This high is the highest high fotlowing the TJO LET L=0
:-J:::] previous low. 1t clears five places before 80 FOR I=2 TON-I
: ' i‘ reaches a value as high as or higher. 90 IF (El” >= Ell-ll AND El”) E[“’ll)THEN 120
: AR EEEEE R B Y, 5 d1 100 1F (E[I} < =E[l-1] ANDE[I}<E|l+1]) THEN 190
110 GOTO 310
el N EH BB 120 FOR J=2TO I-1
s f A et 130 IF E{1] ¢ = E{l-J] THEN 150
- LA RN 140 NEXTJ
ERGET IS0 LET g2
cif NG 160 IF L=0 THEN 260
170 IF C|L] < 0 THEN 260

RS
)

TR TR I
'

Y IR
b RO

6o buld o ARl LEad ARSSR NSNS RELS HESR] RES+ : 180 GOTO 310

U] This low clears five places before it reaches .t_ 190FOR J=2TO Il

L1t @ value as fow as or lower. It is the fowest . 2001F E(t)> = E{1-J] THEN 220

LD tow, and there is a full standard high before !:: 210 NEXT)

Sl and after. H 220 LET J=J-1

‘ B 230 LET )=}
Fig. 5: CHART SHOWING VISUAL INSPECTION 240 {F L=0 THEN 260
FOR FULL STANDARD CLEARSPAN 250 IF C{L] <0 THEN 310

260 LET L=L+1|

using continuous month numbers. 2701F J<0 THEN 300
280 LET C[L]=J+1/1000
290 GOTO 310

Year Month  Number Year Month  Number 300 LET C[L) =5-1/1000

S N ’ . - ) o JIONEXT I

1931 Sep 300 1936 Sep 429 320 LET X=INT(P/2)

1032 Sep R3] 1937 QOct 442 330 LET J=0

1933 QOct RUZ) 1938 Oct 454 340FORI=ITOL

{934 Sep 405 1939 Sep 465 350 1F ABS(C{1]})X THEN 380

1935 Jun 414 1940 Sep 477 360 LET J=J+1
370 LET D{J]=C[¥)
380 NEXT I

The problem is to set up a 12-month time chart. No 390 PRINT TAB(25);“"CLEARSPANS”
clearspan is given--the data are selected correctly, and all 400 PRINT “POINT” “PEAK","POINT" “TROUGH"

that is necessary is to enter these highs on a 12-month 41I0PRINT Y ——— - b
chart, Try it! 420 PRINT ’
430FORI=1TOJ
APPENDICES 440 1F D{1]<0 THEN 530
450 IF 1=J THEN 570
The appendicies this month include the BASIC program 460 IF D{1+1]>0 THEN 570
for computing clearspan, and a tabulation of standard 470 LET Y=D|I+1]
month numbers. The standard month numbers should be 480 LET V=INT(Y)
part of your library if you are performing cycle analyses. 490 LET W=INT(D{!])

500 PRINT FNB(D(1]),W,FNB(Y),V
S10 LET 1=1+1
520 GOTO 580
530 LET Y=-D[1]
540 LET V=INT(Y)
550 PRINT TAB(30):FNB(Y),V
560 GOTO 580
) $70 PRINT INT(1000*(D{1]INT(D[1])#.0001)), INT:T "
Computing Clearspan Numbers 580 NEXT I
590 STOP

Appendix 4 : Program for

10 DEF FNA(X)=INT(100*(X-INT(X)+.001))

20 DEF FNB(X)= INT(1000*( X-INT(X)+.0001))
30 DIM G$[70] H$ |70} .E{500] .C|500] .D[500]
40 FILES LN752

50 GOSUB 3000

60 LET P=6




Appendix §

Standard Month Numbers

A numbering system for months is almost indispensable
for cycle analysis of monthly data. Month numbers are nec-

essary for computing clearspan, for arranging arrays, and for

various other manipulations. These numbers start with De.
cember of 1650 as 0. December of 1700 is thus month num-

ber 600. (Only the numbers for 1750 forward are shown
here.) December 1900 is month number 3000, according to
this system. If you are working with recent monthly data,
you drop the 3000 and use December 1900 as month

number 0.

Year

1750
1751
1752
1793
1754

1735
1786
1757
1738
1739

1760
1761
1762
1763
1764

1768
1768
1767
1768
1769

1770
1771
177
1773
177¢

1778
1776
1777
1778
1779

1780
1781
1702
1783
1764

1788
1708
1787
1768
1700

1v90
1701
1798
173
179

179
1797
1790
1799

16800
1801

1208
1004

Jan

1,189
1,201
1,213
1,225
1,237

1,249
1,201
1,273
1,268
1,297

1,300
1,321

Feb

1,100
1,202
1,214
1,226
1,238

1,250
1,262
1,274
1,208
1,208

1,510
1,522
1,334
1,348
1,358

1,370
1,382
1,304
1,406
1,418

1,430
1,442
1,454
1,488
1,470

1,490
1,502
1,514
1,526
1,538

1,880
1,362

Mar

1,101
1,203
1,215
1,227
1,23

1,251
1,263
1,275
1,287
1,200

1,1
1,523
1,333
1,347
1,39

1,37
1,363
1,393
1,407
1,419

1,431
1,443
1,455
1,467
1,47

1,401
1,503
1,515
1.527
1,539

1,351
1,563
1,873
1,387
1,59

1,611
1,623
1,69
1,647
1,650

1,6m
1,683
1,608
1,707
1,19

1,71
1,743
1,735
1,767
1,77

1,791
1,818

1,027
1,88

1,702

1,818
1,028
1,040

May

1,103
1,206
1,217
1,229
1,241

1,253
1,265

Jun

1,194
1,208
1,218
1,230
1,242

1,854
1,266
1,278
1,290
1,302

1,314
1,326
1,338
1,150
1,362

1,374
1,366
1,398
1,410
1,422

1,434
1,448
1,48
1,470
1,482

1,494
1,506
1,518
1,53
1,542

1,554
1,566
1,578
1,590
1,602

1,614
1,626
1,838
1,650
1,862

1,674
1,608
1,898
1,710
1,720

1,734
1,748
1,738
1,770
1,762

1,794
1,808
1,818
1,850
1,842

Jul  Aug - Sep Oct

1,15 1,19¢ 1,197 1,198
1,207 1,208 1,209 1,210
1,219 1,220 1,221 1,222
1,231 1,232 1,233 1,234
1,243 1,244 1,245 1,248
1,255 1,26 1,257 1,258
1,267 1,268 1,269 1,270
1,279 1,200 1,261 1,202
1,000 1,202 1,203 1,204
1,53 1,34 1,308 1,308
1,915 1,318 1,317 1,318
1,327 1,328 1,329 1,330
1,59 1,40 1,34 1,242
1,351 1,72 1,33 1,%4
1,363 1,364 1,365 1,366

1,471 1,472 1,473 1,474

1,798 1,76 1,797 1,

1,807 1,608 1,809 1,810
1,619 1,820 1,821 1,822
1,61 1,832 1,833 1,834
1,845 1,844 1,848 1,848

Nov

1,198
1,211
1,223
1,235
1,247

1,259
1,271
1,283
1,295
1,807

1,319
1,331
1,343
1,85
1,367

1,570
1,301
1,403
1,415
1,427

1,439
1,451
1,463
1,475
1,487

1,499
1,511
1,523
1,553
1,547

1,559
1,571
1,563
1,808
1,607

1,619
1,631
1,643
1,688
1,667

1,679
1,691
1,703
1,15
1,727

1,7%
1,71
1,763
1,773
1,767

1,799
1,011

1,69
1,847

Dec

1,200
1,212
1,224
1,236
1,248

1,260
1,272
1,284
1,208
1,508

1,320
1,532
1,344
1,8
1,368

1,380
1,302
1,404
1,418
1,428

1,440
1,452
1,484
1,478
1,408

1,800
1,512
1,524
1,536
1,548

1,560
1,572
1,384
1,598
1,808

1,620
1,632
1,644
1,686
1,808

1,680
1,092
1,704
1,716
1,728

1,740
1,752
1,764
1,776
1,788



STANDARD MONTH NUMBERS (Continued)

Yeur

1805
1808
1ec?
1608
1809

1810
1811
1812
1813
1814

1815
1816
1817
1818
1819

1820
1821
1822
1823
1824

1825
1826
1827
16268
16829

1830
1831
1832
1633
1834

16835
1838
1837
16838
1839

1840
1841
1842
1843
1844

1845
1846
1847
1848
149

1650
1851
les2
16883
1854

1888

1887
1858
1659

1860
1861
16062
1663
1864

Jan

1,849
1,861
1,073
1,085
1,007

1,909
1,921
1,033
1,945
1,957

1,969
1,981
1,993
2,005
2,017

2,020
2,041
2,053
2,085
2,077

2,009
2,101
2,113
2,125
2,137

2,149
2,181
2,173
2,185
2,197

2,200
2,221
2,233
2,245
2,257

2,260
2,201
2,293
2,373
2,317

2,329
2,341
2,353
2,385
2,377

2,380
2,401
2,413
2,428
2,437

Feb

1,660
1,682
1,874
1,000
1,R00

1,910
1,922
1,934
1,946
1,958

1,970
1,982

Mar

1,851
1,863
1,075
1.en?
1,99

1,01
1,923
1,9%
1,947
1,959

1,971
1,963
1,905
2,007
2,010

2,031
2,043
2,055
2,087
2,07

2,001
2,103
2,115
2,127
2,139

2,151
2,163
2,17
2,187
2,199

2,211
2,223
2,235
2,247
2,250

2,271
2,263
2,295
2,307
2,319

2,33
2,343
2,355
2,367
2,37

2,391
2,403
2,415
2,427
2,430

2,451
2,483
2,475
2,487
2,400

2,511
2,523
2,5%
2,547
2,559

Apr

1,852
1,064
1,876
1,688
1,900

1,912
1,924
1,936
1,948
1,960

1,972
1,984
1,99¢
2,008
2,020

. 2,082

2,044
2,056
2,068
2,080

2,092
2,104
2,116
2,128
2,140

2,152
2,164
2,176
2,188
2,200

2,012
2,224
2,236
2,248
2,260

2,278
2,284
2,206
2,308
2,320

2,332
2,344
2,358
2,368
2,380

2,302
2,404
2,418
2,428
2,440

2,452
2,404
2,476
2,468
2,500

2,512
2,524
2,536
2,548
2,560

May

1,83
1,865
1,877
1,869
1,901

1,913
1,925
1,937
1,949
1,961

1,973
1,965
1,997
2,009
2,021

2,033
2,045
2,057
2,060
2,081

2,003
2,105
2,117
2,129
2,141

2,153
2,165
2,177
2,182
2,201

2,213
2,225
2,237
2,249
2,261

2,273
2,285
2,207
2,309
2,321

2,33
2,345
2,357
2,360
2,381

2,303
2,403
2,417
2,429
2,441

2,453
2,485
2,477
2,409
2,501

2,513
2,525
2,537
2,549
2,561

Jun

1,654
1,668
1,R7P
1,890
1,902

1,914
1,926
1,938
1,950
1,962

1,074
1,968
1,998
2,010
2,022

2,034
2,048
2,058
2,070
2,082

2,004
2,106
2,118
2,130
2,142

2,154
2,168
2,178
2,190
2,202

2,214
2,226
2,238
2,250
2,262

2,274
£,206
2,208
2,310
2,322

28588
nunne

86 2
RSxaa

LR X
owv 3

Jul

1,855
1,867
1,279
1,601
1,903

1,915
1,027
1,939
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Aug

1,856
1,868
1,680
1,892
1,904

1,016
1,928
1,940
1,952
1,964

1,978
1,988
2,000
3,012
2,024

2,036
2,048
2,060
2,072
2,084

2,008
2,108
2,120
2,132
2,144

2,156
2,168
2,180
2,102
2,204

2,216
2,228
2,240
2,252
2,264

2,372

2,308
2,408
2,420
2,432
2,444

2,456
2,448
2,480
2,492
2,504

2,518
2,528
2,540
2,552
2,564

2,087

2,099
2,11
2,123
2,135
2,147

2,139
2,171
2,183
2,195
2,207

2,210
2,231
2,243
2,255
2,267

2,279
2,2
2,303
2,318
2,327

2,339
2,351
2,33
2,375
2,387

2,309
2,411
2,423
2,435
2,447

2,450
2,471
£,483
2,495
2,507

2,519
2,531
2,543
2,555
2,567




STANDARD MONTH NUMBERS (Continued)

Year Jan Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec

1865  2,%9 2,570 2,571 2,572 2,573 2,574  %,575 2,578 2,577 2,578 2,570 2,580
1866 2,581 2,582 2,383 2,584 2,566 2,588 2,587 2,568 2,580 2,500 2,501 2,502
1867 2,593 2,594 2,508 2,508 2,597 2,598 2,509 2,800 2,801 2,602 2,603 2,604
1868 2,805 2,606 2,607 2,608 2,809 2,610 2,611 2,612 2613 2,614 2,615 2,616
1869 2,617 2,618 2,619 2,620 2,621 2,622 2,623 2,624 2,625 2,626 2,827 2,628

1870 2,620 2,630 2,631 2,632 2,633 2,63¢ 2,635 2,836 2,837 2,638 2,838 2,640
1871 2,641 2,642 2,843 2,644 2,645 2,848 2,647 2,848 2,649 2,650 2,651 2,652
1872 2,653 2,654 2,655 2,658 2,657 2,858 2,659 2,660 2,661 2,662 2,663 2,064
1873 2,685 2,668 2,687 2,600 2,660 2,870 2,671 2,672 2,673 2,674 2,675 2,876
1874 2,877 2,878 2,670 2,680 2,681 2,082 2,683 2,684 26685 2,686 2,887 2,688

1873 2,689 2,000 2,601 2,602 2,603 2,694 2,605 2,606 2,607 2,608 2,600 2,700

is?e 2,700 2,702 2,703 2,704 2,705 2,706 2,707 2,708 2,709 2,710 2,711 2,712
1877 2,713 2,714 2,715 2,716 2,717 2,718 2,719 2,720 2,721 2,722 2,723 2,724
1878 2,785 2,726 2,727 2,726 2,720 2,730 2,731 2,732 2,733 2,734 2,735 8,73
1870 2,737 2,738 2,739 2,740 2,741 2,742 2,743 2,744 2,748 2,746 2,747 2,748
1680 2,740 2,750 2,751 2,752 2,753 2,754 2,75 2,756 2,757 2,758 2,750 2,760
1881 2,761 2,762 2,763 2,764 2,765 2,766 2,767 2,788 2,749 2,770 2,771 2,772
1082 2,773 2,774 2,775 2,776 2,777 2,778 2,77 2,780 2,761 2,72 2,783 2,784
1883 2,785 2,786 2,787 2,788 2,789 2,790 2,701 2,792 2,793 2,794 2,795 2,796
1884 2,707 2,798 2,799 2,000 2,801 2,802 2,803 2,804 2,805 2,806 2,807 2,808
1885 2,809 2,810 2,611 2,812 2,013 2,814 2,615 2,016 2,017 2,818 2,019 2,820
1ees 2,821 2,F22 2,823 2,024 2,025 2,828 2,827 2,826 2,820 2,830 2,831 2,832
1ee? 2,033 2,634 2,635 2,836 2,637 2,638 2,839 3,040 2,641 2,842 2,843 2,844
1e66 2,845 2,046 2,047 2,848 2,049 2,P50 2,651 2,852 2,853 2,864 2,655 2,856
1889 2,657 2,868 2,P59 2,860 2,861 2,862 2,863 2,864 2,685 2,866 2,867 2,088
1890 2,860 2,870 2,671 2,872 2,873 2,674 2,675 2,87 2,877 2,67¢ 2,879  2,€E80
191 2,e1 2,782 2,003 2,884 2,005 2,686 2,807 2,868 2,rr9 2,800 2,801 2,692
1892 2,093 2,09¢ 2,805 2,806 2,807 2,808 2,000 2,000 2,001 2,902 2,003 2,004
1893 2,005 2,006 2,907 2,908 2,009 2,910 2,011 2,912 2,913 2,914 2,915 2,916
194 2,917 2,018 2,919 2,020 2,921 2,922 2,923 2,924 2,925 2,928 2,927 2,928
1695 2,929 2,93C 2,93 2,032 2,033 2,934 2,03 2,036 2,937 2,938 2,939 2,940
1696 2,041 2,942 2,043 2,944 2,045 2,946 2,947 2,948 2,049 2,950 2,051 2,952
197 2,053 2,954 2,955 2,956 2,057 2,058 2,959 2,960 2,961 2,962 2,963 2,964
1698 2,065 2,088 2,007 2,068 2,069 2,070 2,970 2,072 2,978 2,974 2,975 2,976
1809 2,977 2,978 2,079 2,90 2,901 2,982 2,063 2,004 2,985 2,06 2,087 2,988
1900  £,909 2,990 2,001 2,092 2,993 2,004 2,005 2,996 2,997 2,008 2,999 3,000
1201 3,01 3,002 3,003 3,004 3,005 3,008 5,007 3,008 3,009 5,010 3,012 3,012
1902 3,01 3,014 3,015 3,006 3,017 3,018 3,019 3,020 3,021 3,022 3,023 3,024
1903 3,025 3,026 3,027 3,028 3,029 3,030 3,01 3,032 3,033 3,034 3,035 3,038
1904 3,037 3,038 3,039 3,040 3,041 3,042 3,043 3,044 3,045 3,046 3,047 3,048
1008 3,040 3,050 3,081 3,052 3,053 3,054 3,085 3,056 3,087 3,058 3,050 3,060
1006 3,061 3,062 3,083 3,064 3,063 3,086 3,067 3,008 3,069 3,670 3,071 3,072
1907 3,075 3,074 3,073 3,076 3,077 3,07¢ 3,079 3,080 3,081 3,0n2 3,03 3,084
1908 3,08 3,006 3,0F7 3,086 3,000 3,090 3,001 3,002 3,093 3,004 3,005 3,008
1960 3,097 3,008 3,099 3,100 1,101 3,102 3,103 5,104 3,105 3,106 3,107 3,108

1910 3,100 3,110 3,111 2,112 3,113 3,114 3,115 3,116 3,17 3,128 3,119 3,120
1911 3,21 3,122 3,123 3,024 3,125 3,128 3,127 3,320 3,129 3,130 3,131 3,132
1012 3,133 3,134 3,135 . 3,136 3,137 3,138 3,130 3,140 3,141 3,142 3,143 3,144
1913 3,145 3,146 3,147 3,148 3,149 3,150 3,151 3,152 3,153 3,154 3,155 3,156
1914 3,157 * 3,158 8,156 3,180 3,161 3,162  S,163 3,164 3,165 3,168 S,187 3,168

1915 3,169 3,270 3,171 3,172 3,173 3,174 3,175  S,176 0,177 3,178 3,179 3,180
1916 8,181 3,182 3,163 3,184 3,186 3,188 3,187 3,188 3,189 3,190 3,101 8,192
1917 3,193 3,194 3,193 3,196 3,197 3,188 3,199 3,200 3,201 s,202 3,703 3,204
1018 3,205 3,208 3,207 3,208 3,200 3,70 3,211 3,212 3,213 3,214 3,215 3,76
1219 3,217 8,212 3,019 3,220 2,221 8,022 3,28 3,224 5,228 3,228 3,227 3,220

1920 3,229 3,230 3,231 3,232 3,233 3,234 3,235 3,236 3,237 3,238 3,239 3,20

10%1  N,P41  S,P42 X, %an 3,544 N, P45 S, p46 8,947 8,240 S p49 2,%%0 8,751 3,%%2
1922 3,753 3,254 3,233 3,256 3,287 3,258 S,259 3,260 3,261 s,262 3,265 3,264
1923 3,265 3,208 3,267 3,268 . 3,260 3,270 3,21 3,272 8,273 3,274 3,273 3,276

1924 3,277 3,278 3,2M 3,70 3,281 3,202 S,283 3,284 3,288 3,206 3,287 3,288



STANDARD MONTH NUMBERS (Continued)

Year

1923
1926
1927
1928
1929

1930
121
1932
1933
1934

1935
1978
1937
1938
1939

19¢c
1941
1942
1943
1944

1945
1946
1947
194¢€
1949

1950
1951
1952
1953
1954

1955
1956
19517
1958
1959

1960
1901
1962
1963
1964

1965
1966
1961
1968
1969

1970
1971
1972
1973
1974

197§
1976
1977
1978
1979

1980
1981
1982
1983
1984

jllll

3,209
3,3C1
3,13
=305
3,037

LT
3,361
2,373
3,%S
2,207
3,400
3,421
3,433
3,448
3,457

3,469
3,481
3,493
3,505
3,517

3,529
3,541
3,553
3,565
3,577

3,569
3,601
3,613
3,625
3,637

3.649
).66!
3673
3.685
AKX

d Lk D U o e Cd s Cd
- 00 00 =g~ =
- O G 0o

NN e O

o0 o 0o 0o %0 0o
fag- g7 9 e
~d N s O

Feb

3,29¢
3,3c2
3,04
3,226

3,830

3,750
5,2
2,374
3,306
1, 70p

3,410
3,422
3,434
3,446
3,45€

3,470
3,402
3,494
3,508
3,510

3,530
3,547
3,554
3,566
3,57

3,590
3,602
3,814
3,628
3,830

3.650
3.662
J6ol4
3.680
1698

3700
J22
314
3146
RIWAL ]

3770
3182
3,794
3.806
1Ri8

3830
3.842
3.854
3.866
187R

1.890
1.902
Jond
3.926
3938

3950
3962
3974
3.986
1,998

Yot G (e

4, Dop

May

3,203
3,305
3,817
3,79
SRS
R AN
L4685
3,377
3,379
7,401

3,413
3,425

3,989
4.001

Jun

3,204
3,506

3822
3.834

3.858
3870
3.882

3894
3.906
3918
3930
3942

3.954
3966
3978
3.990
4.002

Jul

3,205
3,87
3,29
8,51

RIS )

3,255
3,767
3,379

Aug

3,296
2.0l
5,320
3,:32
Ry

3,338
2,2
3,360
2,302
3,404

3,416
3,420
3,440
3,492
3,484

3,476
3,400
3,500
3,517
3,574

3,538
3,548
3,560
3,572
3,564

3,596
3,60€
3,820
3,632
3,644

1.656

3992

4,004

3.695
3,707

3.719
1m
3.743
3,755
3.767

371719
3791
3.803
3.815
3,827

3,839
3.851
3.863
3,875
3,887

3.899
3,911
3,923
3935
3947

3,959
3971
3,983
3,995
4,007

Dec

3,300
3,312
8,324
3,336
3,240

3,360
3,372
3,304
3,396
3,408

3,420
3,432
3,444
3,456
3,46€

3,480
3,402
3,504
3,518
3,528

3,540
3,552
5,564
3,576
3,588

3,600
3,612
3,624
3,636
3,648

3,660
3672
3.684
3.696
3,708

3,720
ERE Y]
3,744
3,756
3,768

3,780
3,19
1,804
3,816
3,828

3.840
3,852
3,864
3,876
3,888

3.900
3912
3.924
3,936
3,948

3.960
39
3.984
3,996
4,008
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CYCLE ANALYSIS:
A DESCRIPTION OF THE BOSKINS TIIE CHART

By Edward R. Dewey
Director, Foundation for the Study of Cyglee

In 1935 l{r. Chapin Hoskins, a business consultant of New York
Oity and a pioneer in rhythm analysis, devised a useful method for
getting an indication of the length and importance of the rhythmic
fluctuations that may be present in a series of figures. He calls
the method a "Time Chart."

The Time Chart denends for its usefulness upon an odbjective
method for determining the "highs" and "lows" for any given wave
length being sought, The Time Chart itself is then merely a method
of diagramming these highs and lows in such a way as to throw light
upon the length and amplitude of the rhythm or rhythms that may be
present in the figures.

Mr. Hoskins! objective method of determining the "highs" and
Mlows” can best be explained by an illustration., But first we must
introduce a concept that will be new to most readers. Coneider the
carve in Fig., 1. A8 everyone knows, each point on the curve has a
value, depending upon its height above the base line, Thus the
point for the year 1920 has a value of 850, But the point for the
year 1920 has another characteristic. It is higher than any of the
points of the three preceding years. That is, a horizontal line
projected backward from the point at 1920 until it intersects the
curve between years 1916 and 1917, as indicated by the fine dotted
line, would skim over three points., Similarly, a horizontal line
projected backward from the point at year 1922 would be lower than
the ten preceding points--but not lower then the eleventh. Those"
mumbers-~the whole years or time units backward on a horizontal
line that are in the clear before the curve is intersected, or the
end of the series reached--three and ten in the examples given, ars
called by Mr. Hoskins the yjolence of the point.* If the given

point has a value greater than that of the point next proceding,
the horizontal 1ine would skim above preceding points and the vio-
lence would be indicated by a black mumber. If the given point is

*"Violence" is an arbitrary word used by lr. Hoskins for this
concept, to imply that the rise or decline, the results of vhich
are being measured, come about through motion. To the author the
::rd Clearspan would seem preferable, Certainly it is more descrip-
ve.




below the point next preceding, the horizontal line would skim be-
low the preceding points and the violence would be denoted by a red
mumbar. When, as with the years 1902 and 1903, the values are
higher than at any previous time, this fact is indicated by -. + eign
after the violence, the plus to be read "or more," Thus the clear-
snan or violence for 1902 would be 1+, one or more. When the value
of a point 18 exactly equal to the value of the point next oreccd-
ing, the violence is 0, usually writton in the opnosite color from
the violence next preceding.

The value and violence of each point on the curve in Fig. 1
are given in the following table.

Violence Violence
Year Yalys  (Clearspan) Year Yalne {Cleargpan)
1900 — e 1917 750 1
1901 100 - 1918 €650 é
1902 400 L 1919 700 1
1903 800 2 1920 850 3
1904 700 1 1921 850 0
1905 600 2 ‘1922 500 10
1906 500 1923 550 1
1907 600 1 1924 600 2
1908 . 400 5 19256 900 8
1909 300 7 1926 800 1
1910 200 1927 700 2
1911 400 g 1928 50 27+
1912 900 11+ 1929 200 1
1913 1,000 12+ 1930 250 2
1914 760 2 1931 200 1
1915 700 1932 100 3
1916 900 3

The violence can be computed graphically by counting the points
over or under which an imaginary backvard horigontal projection
would skim until it intersects the curve, or passes beyond the first
point of the curve.

The violence can be computed more easily from the mumerical
data, Thie is done as followss Frst notice if the value of the
point for which the violence is being computed is over or under the
value of the next preceding point. If it is above, the violence
vill be recorded in black., If below, in red. The mumerical value
of the violence will be the number of points back to a value as high
or higher, less one, or as low or lovwer, less one, as the case may
be. Thus the violence of the point at year 1920 ie found by counting
the points backward until one finds the first mumder with a value as
great as or greater than 850, and subtracting 1. In thie case, one
mst go back four years to 1916 to get a value as high or higher
than 850, The number of the violence is therefore 4 less 1, or
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three, recorded in black, Again, the clearsnman or violence of the
point at year 1922 is 1l less 1, or 10, recorded in red.

If the points are mumbered consecutively, as they are when the
series of figures are anmual ones, one does not need to count,--one
can subtract. Thus, to get the violence of 1922, one scans the value
column (without counting) until one reaches a value as low or lovwer
than 500, because the value for 1922 is below the value for~ 1921,

- Having found the value sought, one notices that it is at year 1911.
Subtract 1911 from 1922; the difference is 11, Subtract 1 to get
the clearspan or violence of 10: record it in red, (In practice, of
course, one subtracts the year after 1911, namely 1912, from 1922,
and obtains 10 directly.)

If the data uned-aeé monthly, in order to make these computa-
tions practicable it 18 necessary to give consecutive mumbers to all
the months. Any consecutive numbers will do, bui Mr, Hoskins chose
December 1900 as month zero. This scheme mares December of 1901
month mumber 12, December of 1902 month mumber 24, etc,, December of
any year being 12 times the number of years after 1900, For longer
series, December 1900 can be taken as month mumber 1,000 or 3,000,
Hogkins month mumbers from Janusry 1901 to December 1960 ars given
in the table on Page 13. They are standard for all who use this
method of analysis.*

We are now ready to proceed to a deacrintion of Mr. Hoskins!
objective method of determining highs and lows.

"Highs" and "lows" can be defined as terminal points of cyclical
rise and cyclical decline, To meet 'full standard" for a high or a
low, a point must have a clearspan or violance equal to at least one
half of the length of the wave being sought, or the next larger odd
muber. Thus, for either 6= or 7~year waves, the violence of full
standard highs or lows must be 3 or more, black for the highs, red
for the lows. : :

The high 1s the highest point of the required violence betwsen
two lowe of the required violence. Thus the high for 6~ or 7-yesr

*For the analysie of short term rhythms vhere weekly data are
used, Mr. Hoskins has set the week ending July 2, 1932, as veelc mum~
ber zero. With this numbering plan the weel ending December 31,

1949 would be week number 4913, For pré-1932 calculation, he calls
the week ending July 2, 1932, week 4000, For work with daily figures
a deily mumber in which Saturday is seven times the week mumber
could be unsed.

In passing, it should be noted that in all rhythm analysis us=
ing dally figures, Saturdays, Sundays, and Holidays must be included,
either with real or interpolated values.
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waves is the highest point with a violence of black 3 or more be-
tween two lows of red 3 or more; a low, the lowest point between two

highs of black 3 or more.

Yor example, in tha curve given in Fig, 1, if we are seeking
6= or 7=yesrr waves, we could start at the beginning and go forward
until we get a violence of 3 or more, either red or dlack. We find
such a point at 1906, This year, with a violence of red 3, could
mark (as far as violence is concerned) a full standerd low for a
6~year wave, and is such a low, unless a lower value is present be~
fore the next black 3. We then proceed to loo) for the next point
with a violence of black I or more. We find such a point at 1912
with a violence of black 11+ . The year with the lowest value be=
tween 1906 and 1912 is 1910 with a valus of 200 and a clearspan or
violence of red 8. It is the low of the move.

We then go on from year 1912 until we find a point with a red
violence of 3 or more, as at the year 1915, The highast vnlue be-
tween 1910 and 1915 is at 1913 with.a value of 1,000 and a violence
of black 12 , This point is the high of the move. Similarly, year
1918 e a low, year 1920 is a high, year 1922 a low, year 1925 is a
high, and year 1928 is a low,

Year 1903 is probadbly a high and year 1901 is possidbly a low,
and these facts may be indicated, but neither point has a known vio-
lence great enough fully to meet standards.

Suppose we were seeking 2- or 3-year waves, We would take as
our full standard highs the highest points with a violence of blneck
1 or more between points with violences of red 1 or smore. 3y this
rule, highe would be oresent at years '03, '07, '13, '16, '20, '25,
and '30; lowe at yeare '06, '10, '15, '18, '22, and '28, Lows are
also perheps at 1901 and 1932, but this cannot be known. (In nrage
tice one would hardly expect to find a 2~year wave throuszh the use
of anmial figures, but we are concerned here with principles only.)

Thus, by this method, for nny given length of rhythm, 1s 1t
poseible to make an objective determination of highs and lows, It
is the only method knomn to the emthor whereby this can be done.

Suppose we with to use the Time Chart to scan the curve in Fig,
1 (the valuss of which are recorded in the table on Page 2) for all
possible wave lengths that would bde revealed by this method. The
longest wave that could repeat itself completely within the length
of thie series of figures would be half of 32 or 16 years in length.
Full standard highs and lows for such a wave would have a violence
or clearspan of black 8 or more and red 8 or more, and would be
determined by the methods already descrided. From Fig. 1l.or from
tho table on Page 2 we see that highs of these standards occurred at
1913, and 1925, and that full standard lows came in 1910, 1922, and
1928, There is a possibility that }903;/1axceeded as it s by only
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six values in the entire 32 years, is alco a high, but this fact can-
not be known without earlier figures.

These facts could be diagrammed on the grid shown in Fig. 2
using a 80l1id 1line —=—=——= for highs, & wavy line rw.~.~for lows.*
High or low values that come so near the beginning of the series
that wa do not know their true violence could have this fnect indicat-
ed by a parenthesis. In Fig, @ the base year, 1900, i8 written in at
the top and the lines are numbered to represent years after dease.
Fig. 3 18 1ittle more than the grid of Fig, 1 and Fig. 2 turned from
sidewnys to up and down and maiked to indicate highs snd lowa.

Another way to represent the time position of these highs and
lows would be to cut the grid in two, as in Fig, 4, and place the
second section beside the first. The nmumbers at the top of tha col-
umn slill represent the base years, in this case 1900 and 1916; the
mumbers down the side renresent the number of years after basa. The
lines in the first column represent the first sixteen years of the
series, the lines in the second column represent years 16 to 32 in-
clusive. The last year represented in the first column ig the base
year of the second column, .

The first low (wavy line) comes at year 19)0: the first high
(solid 1ine) at year 1913, but there is a probable high (solid 1line
in parentheses) at 1903; the second low (wavy line) comes at year
1922, or poeition 6 after base year of 1916; the next high (solid
1ine) comes at year 1925, or 1916 plus 9; the last low (wavy line)
at year 1928, or 1916 plus 12.

Now, if there were a 16-year rhythm in this series of figures
there would fend to be one high and one low in each column of 16
years; the highs would be about 16 years from each other and would
therefore fall in about the esame section of the grid. In other words,
the 8olid lines would tend to make more or less of a horizontal line.
The lows would tend to do likewiese. In Fig. 4 they do not do this.

It 18 therefore obvious that in this series of figures we do not have
a l6-year rhythm,

. But our Time Chart can be made to tell us more. As well as tell-
Ang us of lengths that are absent it will tell us the approximste
length of the rhythms that are present (if there are any),

Consider Fig. 5. Here we heve extended the diagram of Fig. 4
by adding two additional 16-year sections based on 1884 and 1932
respectively. In the 1884 section, let us now remeat three years

*On work sheets or in drawings, one uses golor: bdbut the exnense
of color printing makes 1t necessary at this point to use the symbol-
ism of straight lines for highe and wavy lines for lows. Any two
colors would do, but lir, Hoskine uses red for highs to indicate dan—
ger, and black for lowa. The author prefera to use black for highs
and red for lows as this scheme fits better into other methods which
have been found to be i{ndispensible supplements to the Time Chart,
and vhich will be described i{n later bulletine,
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after its end, the first solid line, "A", of 1903. Similarly, let us
repeat the wavy line "B" of 1928 in the 1932 section, five years be-
fore its beginning, We can do this because any position in time can
be plotted in any column if we extend it far enough one way or the
other. We now have no more than one pnair of highs and lows in each
column, with all the lows on the same side (in this case above) all
the highs next following. Let us connect highs and lows with verti-

.cal lines of their own sort--solid or wavy (in ectual use, according

to the author's standards, black or red).

We see that the highs and the lows thus represented do line up
after a sort, but not alocng a horizontal line as they would 1f the
wave were 16 years long. To represent how they really fall, let us
connect the midpoint of the firat and last of the highs and the
first and last of the lows by dotted lines., We note that for the
wavy lines or lows, the dotted line slopes unward by 14 years in two
cycles. This suggests a length of 16 years lees 7 years (14/2) or
9 years. The dotted line comnecting the highs slones upward 10 ‘
years in two cycles or five yeers (10/2) var cycle. This suggests
a length of 11 years (16 years less 5§ years). Averaging the two
indicated lengths (9 and 11 years) we set a length of 10 years as
a first spnroximation of the length of the rhythm.

Let us now make a 10-year Time Chart of the values (using a
violence or cisarspan of five (Vg)). This is done in Fig, 6. It
happens that Vg gives us no additional highs and lows in this in-
stance, 4s before, wavy line "A" and "A" both represent an identie

"~ cal low point, in this case the low at 1922, (poeition 1910 plus 12

or position 1920 plus 2). M tting a straight 1line to these vositions
will give us the closest length that we can get by the time chart
method. For so few repetitions it will not bYe too accurate, but

if the series is long enough the time chart will indicate the length
within 1% or less. .

Hote that on the Time Chart there is a number above each of the
lines and a number below each of the lines, The mumbers above the
lines give the value of the curve at the time indicated-—-i.e. the
height above the base line; the numbers below the lines give the vio-
lence or clearspan for the particular turning point at this positione-
bold face for black, italice surrounded by circles for red.

This 18 how one would interpret such a chartt There has been a
tendency in the data plotted in Fig. 1 and recorded in the table on
Page 2 for highs to come st about 10-year intervals and lows like-
wise. It fe true that there have been but three repetitions of this
wave, but thers could not have been more repetitions of a wnve of
this length in a series as short as this. For the significance of
such behavior we must resort to additional tests, but for what it
may be worth we can obeerve directly from the Time Chart that no high
has ever had a value of less than 800 and that the most distorted
high came only two years after median position. Also, that insofar
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as we have the figures, no high has falled to be higher than all
values for at least the preceding 8 years. The median high nosition
is 3 years after base, and {f this behavior contipueg, we may expect
highe in the general neighborhood (perhaps two years one way or the
- other) of 1933, 1943, and 1953, etc.

4As for the lows, no low has failed to have a value lower than
any value in at least the B preceding years; no low has ever had a
value in excess of 500, and the median behavior indicates a value of
200 as being closer to probabilities. No low has come more than 2
years before median timing, nor more than two years after such tim-
ing, (In longer series it is helpful to spesk of the range within
which the majority of the highs or lows have fallen.) If thig be-
havior contipues, lows may be expected 2 years one way or the other
from 1940, 1950, and 196Q.

Other methnds oan be used to refine these observations, to
evaluate them, and to determine their significance.

Orieinally we started to look for whatever rhythm might be pre-
eent at about half of our overall length of 32 years. We came up
with a rhythm of about a third of bur overall length. We might next
look for a rhythm of a quarter of 32 years, or 8 years, to see what
we would find, then to a fifth of 32 years, & sixth of 32 years, and
g0 on for as {or as we wighed,

On the other hand, we might start by eimple observation and use
a Time Chart to see the regulerity of some particular rhythm we

~ thought might be present. Or we could start from a preconceived

1dea and explore the extent to which a 9~year or a 33-year or a 6~

year wave might or might not bte present. In any event, the Time

Chart will be useful and will throw light on our problenm.

Oocagsionally one finds an extra pair of highs or lows within a
cycle, as in Fig. 7, The Time Chart for such behavior would de 1like
the one in Fig. 8, The extra vairs should be diagrammed and crossed
out,

Often one fails to find highs and lows of full standard clear-
span or violence. In such casee one is compelled to fill in with sube
standard highs or lows, When this is done, this fact should be indi=
cated by broken lines, If the violence of the point used for a high
or low is lees than full standard but over one-third of the proper
violence, the point is called a pecondary high; it i8 indicated by a
dashed 1ine. If the violence is less than one-third of the nroper
violence, but greater than one ninth, the high is called a tertiary
high and it is indiocated by a dotted line,

Sometimes one finds a oycle with no hichs or lows at all., In
such a case the cycle without high or low ig left entirely blank and

.



no effort is made to connect tn each other the highs and lows on
either side of it, or they are connected with curved lines, thus(::).
The Time Chart can be made to tell much more, For instance,
- hinte of longer cycles may be revealed by double or triple underline
ing of all highs and lows which have double or triple the required
violence. Also, it is often helpful to use a grid twice or three
tines as long as the length of the wave bVeing sought. Thus, in ex-
ploring for a 6~year rhytkm, one might use a grid 12 or 1B years
long and repeat the wave two or three times per column. This pro-
cedure often reveals unsuspected facts in regard to the behavior of
the series, Such a Time Chart would bde called 'Twelve-over-two"
(12/2-year) Time Chart Vav; or "Eighteen-over-three" (18/3-year)
Time Charts, Vzv; to indicate the length of the grid and the vio-
lence used for full standard and secondary standard highs and lows.

The above outline deecribes the Time Chart only in 1ts most
elementary form, There is much more that cculd be said in regard
to 1t, 1te use, and its interpretation. In fact, so much could be
said that, if he could find the time, Jr, Hoskins could undoudbtedly
write a small monogrsph on the subject. It ig the hope of the
-sathor of this descrivtion that someday he will,

The value of the Time Chart method lies first in the concept
of "violence" or Mclearspan," second in the objective method of
determining highs and lows, &nd third, in the fact that the individ-
ual cycles are not lost sight of through any sort of mathematical
averaging,:

Finally, a note of warning: Simple as its elements are, the
Time Chart must be used vith care, or unjustified conclusions will
be drarn. It must be remembered thet after all, the Time Chart ie
meiely a tool for obtaining hints of rhythmic behavior. It does not
reveal whether the indicated rhythme, 4f any, are "real" or ere
merely the result of random forces.

=B



CHARTS AND TASLES




Value rrrrarrrrTTT T v ! LA 1
1000
900
800
700
600
500
400.
300
200
100
OILJ*I" l;'#llLJlllJ!JlLlell
1900 1905 1910 1915 1920 1928 1930
Fig. 1. This chart shows a hynothetical curve from 1901 to 1932
inclusive. The fine dotted lines illustrate the concent
of clearsvnan or "violence'.
l 24 124 ] 8
Base . _
Year 8 1 500 9
. 1900 : ‘ »
N1 2345678 91011RISMISBPIBVD AL223XADB26X7BI30AI
Years After Rase Year
‘Fig. 2, This chart represents time from sero years afterlS00 to 32 years

after 1900; in other words, 1900 to 1932. Heavy solid vertical
lines indicate highs; navy vertical lines indicate lows. (In
actual practice, one would use black and red.) The varentheses
that surround the first high indicate that we do not know for
certain that it is 2 high. The mumbers to the left of the line
refer to the value of the curve at the time indicated. The
numbars to the right of the line indicate "violence" or "clear-
span. Red violence is indicated by a circle, but in actual

practice would be written in red. This chart is merely a short=-
hand method of indicating the highs and lows with a "violence®
of 8 or more, as found in Fig. 1 above.
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32

Fig. 3. This diagram is the

. same as Fig. 2 except that it
is represented in a vertical

insteal ofa horizontal position.

10

Base Years
1900 1916
0
1
2
4
¥
e 6 %
5 ?
5 o
c L 200
% 10
§ 12 %0
®
1000
T
14
15
16

Mg. 4. This diagram shows the first

step in the making of al6-year Time
Chart of the data plotted in Fig. 1.

The "violence" standard is Vg. The

‘highs and lows are not yet connected.
Fig. 4 1is the same as Tig. 3 except
the second half of Fig. 3 has besn
moved over and up, thus showing two
consecutive 16=year sections. The
first low in the second column comes
6 years after base year 1916, or 1922,



Base Years
1884 1900 1916 1932

0 B7

Years after dase year

0

1

; ; \

a Lows "elip back" 14

4 years in two cycles.

5

6

7

8

ol .

10 4

11

12

13 \

14} Highs "slip back" 10

16 years in two cycles.
18+

' /. Lo oo . S '

. Hg. 5 This is a completed 16=year Time Chart of the data plotted in
Fig. 1. Violence standard Vg. Two more cycles have been added to the
grid and the first high, "A" ig then repeated i{n the new section based
on 1884. Tha last low, "B", is then repeated in the naw section daeed

~ on 1932, You will note that both the first hizh and the last low fall
outside of the grid. The highs and lows were then connected. Because
the highs and lows do not fall oppasite each other in a horizontel line,
. 1t 1s obvious that thers 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 2
cycles, we seae the indicated length is 16 minus 14 over 2 or 7 years.
As the highs slip back 10 years wé see the indicated length is 16

- minmus 10 over 2 or 5 years. It is obvious that the length of the
rhythn is mpproximately 6 years (745 over 2) less than 16 years, or 10
years, i oo :

This dlagram would be clearer if red and dlack lines were used instead
of wavy and straight lines. -
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Years after dase year

Base Years

1900 1910 1920 1930 1940 1950
My Wy Hy
My, MUy, My

Fig. 6. A 10=year Time Chart of the dﬁta plotted in Fig. 1. Violence
Highs and lows connected.

standard V.

Uy signifies predicted median
position of highs. My signifies nredicted medinn position of lows.

—-

Fig, 8. A 4-year Time Chart of the data ‘aﬂhovm in Fig. 6.

i

12
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1 H e 1 1 1 i1
1900 04 108 Nz 116 V20 24 728 782
Tig. 7. This chart shows another hvpothetical series of data, 1901-193l.
o Base Years
1900 1904 1908 1912 1916 1920 1924 1928
:0 : . -
;i
o k2
> 3 3
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HOSKINS STANDARD UONTH NUMBERS
Year Jan. Feb. Mar. Anr, Hay June July Aug. Sept, Oct. Nov. Dec.

1901 1 2 3 4 5 6 7 8 3 10 11 12
1902 13 14 15 16 17 18 19 20 21 22 23 24
1903 25 26 27 28 29 30 3A 32 33 34 3B 36
1904 37 38 39 40 41 42 43 44 45 46 47 48
. 1905 49 50 51 52 B3 B4 B5 56 5?7 58 59 60
1906 61 62 63 64 65 66 67 68 63 70 71 72
1907 73 74 75 "8 T 78 79 80 8r 82 83 84
1908 86 86 87 88 B9 90 91 92 93 54 95 96
1909 g7 98 99 100 101 1102 103 104 106 106 107 108
1910 109 110 111 112 113 114 115116 117 118 119 120
1911 121 122 123 124 125 126 127 128 128 130 131 132
1912 133 134 135 136 137 138 139 140 141 142 143 144
1913 145 146 147 148 149 150 151 152 153 154 155 156
1914 157 158 159 160 161 1562 163 164 165 166 167 168 .
1915 168 170 171 172 173 174 1?5176 177 178 179 180
1916 181 182 183 184 185 186 187 188 189 190 191 192
1917 193 194 195 196 197 198 199 200 201 202 203 204
1918 205 206 207 208 209 210 211 212 213 214 215 216
1919 217 218 219 220 221 222 223 224 225 226 227 228
1920 229 230 231 232 333 234 235236 237 238 239 240
1921 241 242 243 244 245 246 247 248 249 250 251 252
1922 263 254 2685 256 257 258 259 260 261 262 263 264
1923 265 266 267 268 269 270 271 272 273 274 275 276
1924 277 278 279 280 281 282 283 284 285 286 287 288
1925 289 200 291 292 293 294 295 296 297 208 299 300
1926 301 302 303 304 306 306 307 308 308 IO 311 32
1927 313 314 315 316 317 318 319 320 321 322 323 324
1928 326 326 327 328 829 330 331 3}_2 333 34 33 336
1929 337 338 339 340 341 342 343 344 345 346 347 M8
1930 349 350 351 352 353 354 355 356 357 3BB8 359 36O
1931 361 362 363 364 365 366 367 368 369 3I70 JI7l  I72
1932 373 374 IS 3IT6 3I?? 378 379 380 381 382 3B3 384
© 1933 385 386 387 388 389 330 391 392 333 394 395 396
1934 397 398 399 400 401 402 403 404 405 406 407 408

1935 409 410 411 412 413 414 415 416 417 418 419 420

1936 421 422 423 424 425 426 427 428 429 430 431 432
1937 433 434 435 436 437 438 439 440 441 442 443 444
1938 449 446 447 448 449 450 451 452 453 454 455 456
1939 457 458 469 460 461 462 463 464 465 466 467 468
1940 469 470 471 472 473 474 475 476 477 478 479 480
1941 481 482 483 484 485 486 487 488 483 490 491 492
1942 493 494 495 496 497 498 499 500 501 602 503 bO+4
1943 506 506 507 508 509 510 611 612 613 514 515 6516
1944 617 618 519 6520 521 522 523 524 6526 526 527 628
1945 529 530 bH31 532 b33 534 535 636 6537 538 E39 540
1946 541 542 543 644 546 546 547 548 549 560 551 652
1947 B63 654 555 556 6657 568 559 560 661 662 6563 564
1948 665 666 667 6568 569 570 571 572 573 674 575 576
1949 677 b578 679 580 6581 582 683 584 585 586 587 588 .
1950 589 690 691 592 593 594 595 6596 697 598 599 600
1951 601 602 603 604 605 606 607 608 609 610 611 612
s1962 613 614 615 816 617 618 619 620 621 622 623 624
1953 626 626 627 628 629 630 B3 632 633 634 635 636
1954 637 638 639 640 641 642 643 644 645 646 647 648
1955 649 650 651 652 663 654 655 856 657 658 659 660
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Lesson Vi-A
Page 1

LESSON VI-A

HOW TO GET HRINTS OF CYCLES
~-CONTINUED

Hy object in giving this course is to make a trained cycle analyst out of you.
1 want to teach you enough so that I could hire you and you could get to work vith-
out further instructions. ZIven more, I want to teach you enough so that you can
make cycle analyses on your own and come up with the right answer.:

The guts of the course is Lesson VI, How to Find Hints of Cycles. You cannot
possibly learn how to find hints of cycles in one lesson. It requires practice.
It's somsthing of an art.

It is almost as if a professor at a medical school were to say to his students,
"And nov this morning, gentlemen, we will cover the subject of diagnosis."

Yet in Lesson VI, I said about all I could think of to gay on the sudbject.
And I gave you about all the problems I thought wise for one time.

The answer to the dilemma would seem to be to go back to the subject (as
many times as may prove necessary) with additional problems interspersed among the
other lessons.

Therefore, for this week's assignment, instead of going on to a new sudbject,
Please review Lesson VI and work the additional problems given on the attached
sheet,



Problem 1,

Lesson VI-A
Page 2

Lesson VI-A —, Problems

Now I want you to take a series of figures of your own choosing and

carry it through the procedures called for up to and including Lesson VI,

I don't care vhat series of figures you choose., Take some daily, or weekly, or
monthly stock market figures, or some monthly or annual lake level figures, or
the hourly variation of terrestrial magnetism, or daily spot oat prices, or

consecutive random numbers, or the monthly or annual sales of your own company.

More particularly, having chosen your figures—

1.
2.
3.
b,
5.

Fill up gaps in your data, if any.
Convert your data to logs.

Chart.

Determine if trend should be removed.
If so, scan for cycles, compute the appropriate moving average
trend, expresa the data as deviations from the moving average trend,
end chart.

Scan deviations for cycles.

Smooth deviations, if necessary, and scan again.

Time chart the smoothed and unsmoothed deviations,

In doing all this I want you to observe the Standard Practice Instructions so
far given.

Finally, and this is most important, I want a copioug log to tell me for each
step of the analysis (a) exactly what you did, and (b) why you did it, and (c)
¥hat you concluded as a result of your labors.

Howv much time did this problem take you?



Lesgson VI.A
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LESSON VI.A
Supnlement 1
Dear Fellow Student of Cycles:
1 gave you Lesson VI-A as kind of a test.
Firat, I vanted to make sure you would not run into any problems in connection

with your own varticular time series which had not been covered in the lesson mate-
rial so far presented.

Second, I vanted to see how vell you had mastered the techniques which have
baen presented so far.

Third, I wanted to et some sort of an idea of how good a job I, myself had
done in presenting the material. ‘

As I vrite you this letter only one student, lir. S, has sent back Lesson VI.A,

It may, hovever, heln him and help you if I comment in some detail upon his
procedure.

Tre series of figures in which lir. S is interested consisted of about a year
of daily market orices which fluctuated from adout A6 to about 76.

Ur. S proceeded as follows:

First, he interpolated values for Saturdavs, Suhdays, and holidays.
Sacond, he plotted his data and his intermolations on arithmetic scale.
Third, he converted to 4 place lorarithms.

Ennzﬁh. he smoothed these logarithms by means of a three-day moving aﬁeraga.

Fifth, he computed a 9-day movinz averase of the lozarithms and expressed
the smootred data as deviations from this 9-day movinz average.

Sixth, he plotted these deviations on arithmetic scale.

Seyenth, he studied this plotting by means of dividers to try to find highs
and lows that were equidistant.

Bighth, he computed clearspan numbers.
Ninth, he made three time charts of the deviations of the 3.day moving average

from the 9-day moving averags. One time chart was 8 days long, one was 15 days
long, and one wvas 16 days long.
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Fov let me reviev vhat vas richt and vhat was uronz with vhat lir, S did.

First, he vas right in interpolating values for Saturdays, Sundnys, and holi-
days.

Second, he vas right (my instructione to the contrary notuithstanding) in
vlotting on arithmetic scnle. ‘hen you have 80 mmall a rance as 66 to 76 there is
no need to plot on losarithnic scale. In fact arithnetic scalc is much better be-
couse you con exargerante the vertical sc~le 80 28 to sece the cycles much more
clearly. You cannot do this vken vou vse ordinary semi-loz naper (ratio scale).

You do need lozarithnic scale for initinl nlotting uren there ie a consider-
able snount of trend and/or vhen the v-riations are considerable, but neither of
these conditions nrevailed for lir. S's series.

Third, the conversion to lo~arithns vas vronz--at this stage of the game.
As no cormutations are reouired, ond as the varistion vas so small, the use of
lorrithme--here--is totally unnecessary labor.

Fouvever, Iir. S was right in thinkinz that & nlace losarithms were probably
cnlled for, if and wren lomarithns wvere used, becnuse vith a series as flat as his,
the cycles trould be bound to be of inconsecvertial ammlitude.

Fr. S could have saved some work by onittine the characteristics of his
lo»~rithns. As all of the firsures vith which he hnd to deal had two dizits to
the left of the decimal, the characteristics in all cases vere one. 'Therefore,
he could just ns ensily have omitted them. Omitting his characteristics vould
have been the sane as nakins them zero. This is the saome, in effect, as dividing
hig dota by 10 so that there vould hnve been only one disit to the left of the
decimal. lmltinlyin~ or dividin~ your datn by a constant does no harm from the
standpoint of cycle analysis.

Fourth, as all of Lesson VI-A ig nerely reconnaissance, there was no need to
smooth the series. Smoothins is often necessary but it comes later in the game
vhen you '"mov vhnt yvou want to smooth out.

Fifth, as there trns no trend to zet rid of it vas urong to express the data
as deviations fron trend (the 9-day moving mverage).

In the stock n~rket atudy vou had to use deviations from a trend line because
the fiures ran all the way from 12 un to 200. Fisures that vary as rch as the
stock noret figures must hove the trend removed before you can deal with them but
vith figures runnin~ from 66 to 76 there was no such necessity.

lioreover even uvith fipgures varyinz lile the stock narzet figure there is a
preliminary sten befoge you can decide uvon the trend to use. In order to know
vhat kind of a trend to use you hove to have a preliminary knowledge of the
cycles. Thercfore, your initial reconnaissance must aluays be vith the rav
fisures. In iir. S's case he should have stayed vith the rav figures.



Lesson VI-A
Supplenent 1
Pare 3

Sixth, lir. S vas richt in nlottins the deviations (once he had them) on
arithnetic scale. This is so becavse they vere in lo's. But even if thery had been
in percentnzes he should hnve used arithnctic scale so that he could 7et suitadble
amplitude for his cycles.

The scnle chosen uas corrcct but the nlottins vas a vaste of time because his
orizin~l »lottinz vould hove served hin as vell or better. In fact, the charting
of the deviations vns a hindrance to the discovery of any cycles excevt cycles in
the general neishborbood of 9 dnys (6 davs or so to 12 days or so).

Seventh, as a rule it is not a good »lan to study a chart by means of dividers.
If this vere the vavr to lool: for cveles I vould have told you so.

The trouble vith loo™ins for cvcles vith dividers is that the dividers tend
to »ick out equidistant hish noints ratker than eonidistant high arens (or low
voints and arcas as the case nay be).

The thumb and prncil, beinz cruvde, cnables vou to concentrate on areas more
easily. The graduated scnle likevise ennbles you to concentrate on areas of high
and areas of lov. Also, with a mr-dunted scale, you can nlace the scale along
the horizontal axis of the ch1rt covering un either the upner or lowrer nortion
of the crcles at vill, Firﬂllv. the graduated scale has the advantage that it
enables vou to scc all the hi-hs (or lovs) simultaneously.

Incidentally, lir. S should h~vc sent in his gr-duated scrles with his other
papers. “i§s Shir: and I nced then to evaluate his conclusions.

Eigh&p. the clearsnan numvers were comnuted correctly.
Hinth, !'r. S's time charts vere not made correctly.

To heln keep you from mal-ins the same nistnlzes I shall tell you the things
Hr. S did vronz.

(a) Ee did not follov standard practice instructions. For examnle, he did
not put on the time chart the clearsnansthnt he had used for standard. FHe will
have to snend time to fimure them out if, some 3 months from nou, he should wish
to revierr this vorl:. Also, I nced then to evaluate the charts.

(b) 1r. S made his tine chart of hi~hs only, le'ving out the lovs. As a
rule no one c~n internret a time chart adecountely vithout lous as well as hicshs.

(¢) ¥r. S left out his clearsman numbers. Clearspan nunhers are indispens-
able. (liiss Shirk and I will not even bother to correct time charts without clear-
span numbers on ther®)

(a) Iir, S failed to updérstand that in putting hishs in a time chart you
must use the high of the move, not just a hi~zh that hoppens to fall here you would
li%e to have hisch. That is, in loo:in~ for an 8-month cvecle vith a elearspan



Lesson VI-A
Sunplenent 1
Page 4

standard of Vu you nisght have a red 7, then a very nice block 6 just vhere you
uvanted it, folloved by a red 3, folloved by a black 23, folloved b~ a red 4. Under
these circumstances tbhe blnck 6 uould not be the high because ve do not get a low
until the red 4, and the rizhest value betireen the red 7 and the red & is dlack 23.

Under)thcse circumstances the bl-ack 23 mst be used. (Similarly of course for -
lovs.

(e) Finally the nature of lir. S's naninul~tion, namely, deviations from a
9-day noving averasge wvould eliminnte at least 1/3 of any 15- or 16-day cycle that
mi-ht hnve been nresent in the orizinal figures. In nost instances it would de

unfruitful to bothrer vith time charts of these lengths (15 or 16 days) in devia-
tions of this sort.

Sunqary. lir, S's trouhle vas that he tried to hard, He tried to do too good
a job. He did not renlize that ve are, nt this stage of things, engaged merely in
rcconnaissance. All he has beon tauzht so far is hou to find hints of cycles.

If he had snent one fifth of the time (i) studying the curve of the data,
(i1) thumbing, (iii) refininz his thumbing by means of graduated scales, and
(iv) refinine his graduated scale conclusions by making suitable time charts--
and making them correctly--he wovld have got much farther.

Live and learn!
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Supplement 2

As I write this supnlement, quite e number of answers to Lesson VI-A have come
in.

The most common mistake is the use of daily instead of weekly or monthly fig-
ures.

For preliminary reconnaissance:

(a) Use daily ficures for cycles of 3 or 4 days up to perhaps 3 or 4 weeks.
(b) Use weekly figures for cycles 3 or L weeks up to 3 or 4 months.

(c) Use monthly firres for cycles 3 or & months up to three or four quarters.

(d) Use quarterly figures for-uycles 3 or 4 quartemup to three or four half-
years.

(e) Use semi annual fi-ures for cycles 3 or 4 half years up to 3 or 4 years.
(f) Use annual figur=s for cycles 3 or 4 years and up.

Going at it this way cuts dovn the vork and keeps you from becoming bogged down
in detail. Or, for the same vork it enables you to get more repetitions of your
cycle,

Then, after you have vour cycles pretty well definitized, you can, with a
minimum of effort, dron back to finer subdivisions of data.

For example, suppose,using monthly firures, you have explored a dozen possi-
bi1lities between 6 and ? months long. Supoose, you have decided wpon 6,41 months
as best, Nov, wvith a minimum of effort, you can use veekly data dnd test for that
one particular lenzth. If yowwork with wveekly data does refine the length, you
can, if vou vwish, go 9till farther and use daily data. But to use daily or weekly
data to start with will only bog you down in a morase of detail from which you will
never be able to extricate yourself,
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Supplement 3
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LESSOY" VI-A
Supplement 2

Random lfumbers

As 1 have told you before, random numbers evidence cycles too. However, the
cycles found in random numbers are not significant and will not continue.

Two students have already chosen random numbers for the problem called for
in Lesson VI-A. One of these series, chosen by Gardner B. liiller, shows such a nice
cycle that I have asked Mr. Miller to reproduce his original work chart. A blue-
print of it is attached hereto.

You should become familiar with the kinds of cycles you can find in random
numbers to help you to distinguish between these evanescent cycles and cycles which
are significant and can be expected to continue.



S e S O SYRRNAN esin o o, .5

wr,

T T PLAYT U uvuﬂ aﬂq UQ“H\* M§§.~v Hu
VIVPT 30 vMQV hﬂ \1‘!\\( N!§§q§~ hc>

T IIVIFAY T IMACW  WILT ~ LT WOYy T

T T o vaglngi.dﬁjlgjx

—9°é6 7

T FvNy

E AN Taa S

S¥FOWAN oONVPY O

SFrr3IS

SR vEEYe CgRswiAN

PRRE IV
g

FROIEIAND QUG AR UL L ISUadUA 10w

TR




Lesson VII
Page 1

25501 VII
EFOV! TO MAFE AND USE A FERIODIC TABLE-Part I
You will find the Periodic Table an important tool in cycle analysis.

It has four main uses, vig,:

1. If you knov the lengzth of the cycle, it will reveal %o you the typical or
average shape, strength, and timing of the cycle, as nearly as the figures will per-
nit.

2. It is one of the ways of revealing to you as exactly as possible the length
of any cycle that may be wresent in the series. That is, it will tell you the

length of the cycle in days, months, or years from crest to crest or trough to
trough. .

3. It will often enable you to separate one cycle from another, when two or
more cycles are present concurrently in the same series of figures.

L, It will help you to find hidden and unsuspected cycles.

On the other hand there are certain limitations to the use of the periodic
table. These will be explained as ve go along.

Thie lesson will be limited to a discussion of use 1 only.
Let us start by seeing vhat a periodic table is.

EO'Y TO I'A"E A SIIPLE P"RIODIC TABLE

In principle at least, you will find the making of a simple periodic table
the easiest thing you ever did.

For exammle, supvose the average anmual prices of widgets, for a l2-year period,
are as follows:

1939 12¢ 1945 13¢
1540 10¢ 1946 11¢
15141 10¢ 1947 15¢
1942 11¢ 1948 16¢
1943 8¢ 1949 15¢
1944 1o0¢ 1950 13¢

Let us now make a 3-year periodic table of these data. It is’'done like this:

P@rst of all you construct a grid onto which you can post all of the figures,
In a column headed "Base Year" you put the number of the vear befors your series
atarts, and every third year thereafter.

Then across the page, under the cavtion "Years After Base Year" you will
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write at the head of each of three columns the mumbers 1, 2, 3. Thus:

TABLE 10
The F =Y P -
Base Year Years After Base Year
1 2 3

1938

1941

1944

1947

We are going to post the prices of widgets into the appropriate blanks, add
the columns, and average. But before we do let us make doubly sure that you under-
stand the grid.

Here is the grid agzain, and into each space we have posted the number of the
year represented.

TABLE 11

The Form of a 3-Year Periodic Table Data 1939-1950
Hith the Various Positions Filled in Vitl Year Numbers

Base Year Years After Base Year
1 2 3
1938 1939 1940 1941
1941 1942 1943 1944
1944 1945 1946 1947
1947 1948 1949 1950

Yote that the base year for any line is always the same as the last year in
tre line above.

Fow let us make tl'e actual veriodic table.

Into the space opnosite tre first base year and in the first column you will

post the nrice of widgets for one year after dase year, i.e. the price for 1939.
The price is 12¢.

On the same line, into the second column, you will put the price for two
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years after base year, i.e. the price for 1940. (10¢)

On tre same line, into the third column, you will wost the price for the third
year after base year, or the vrice for 1941. (10¢)

You will then nroceed in the same way to fill the svaces in the second line,
and the third line, and thre fourth.

Uhen you get through you will add each column and divide by four to get the
average, and your periodic tadle will be comnleted. Thus:

TADLE 12

A 3-Year Periodic Table of the Price of Vidgets 1939-1950

Bagse Year Years After Base Year

1 2 3

1938 a2 10 10
1941 11 8 10
1944 13 11 15
1947 16 19 13
Sums 52 by L8

Averages 13 11 12

That is all there is to it! The job is done.

In other vords, you "chovped" the series of figures with which you started
into sections each of which in this case is three years long. Because there are
twelve years in your series you came up with four sections.

You then arranged the fizures of the first section in a horizontal line across
the page, and put the fizures of the second section underneath it. Sinilarly for
the third and fourth sections.

You then add and average. Now you knov how to make a periodic tadle. Simple,
isn't 1t?

LT RoR TATTON

Now that you have done all this, what does it mean? It means that IE there
is a 3-year cycle in the figures you krov its average phase (position in time),
shape, and amnlitude (heizht) (subject houever to distortion due to random ele-
ments, other cvcles, and trend which mav also Be present). And this is all it means.
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By itself the presence of this average vave does not mean that the wave has
any sisnificance whatever, or that it is rhythmic or repetitive. You will alvavs
get an average wave of the exact length of your periodic table, unless all the
values of your data are precisely the same or the irregulnrities comnletely cancel
out.

Fowever, you do see that IF there is a 3-year cycle the ideal time for the
crests is one year after the base ycars, for that is the year wken the average
valve is highest. Thus, a crest is in 1939, vhich is one year after 1938, and
every threa ysars thereafter. Si~ilarly, IF there is a 3-year cycle, the ideal
time for the trough will come two years after the base years. A trough is in
1940, tvo years after 1938, and every three years thereafter.

How it hapmens that in these figures for widgets there is a 3-year wave,
just because I put one in vhen I read the figures from the ceiling. Therefore,
the avera=ze in this case does have sienificance. It gives you the average nhase,
shane, and ammlitude of a cycle that is re~lly there, as nearly as wve can deter-
mine it from tre figures.

Fowever, there is no 2-yeor cvcle in the figures and no L_year rhythm in the
fizures (because I put them tosether in such a way trat there would not be).
FHevertheleas, a 4-year meriodic table and a 2-year neriodic table will shov
average k-year and 2-year cvcles respectively.

Supnose, just to test this cut, ve male a 4-year periodic table of the same
figures:

TABLE 13

A L-year Periodic Table of the Price of Yidgets 1939-1950

Base Year Years After Base Year
1 2 3 L
1938 12 10 10 11
1942 8 10 13 11
1946 15 16 15 13
Sums 35 36 38 35
Averases 11 2/3 12 12 2/3 11 2/3

As before, the line called aversses means merely that if there is a b-year
rhythm in the figvres, it hes thre shape and height and nosition in time indicated,
but as ve already know that there is no svch wave, we knov that the line is mean-
inzless.
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Let us male a 2-yenr veriodic table of the same figures:

TABLL 14
A 2-Year Pe a8 Tab P ¢ -

Bage Year Year After Base Year
1 2
10938 12 10
1940 10 11
1942 8 10
1944 13 11
1946 15 16
1948 15 13
Sums 73 71

Averages 12 1/6 11 5/6

From these exarmmles it should be clear that you cannot rely on a periodic

table for evidence of rhvthm, but nonetheless it is a very useful tool, as we shall
see.

U Perigdic Tadb Give Us A P S -
C } e Lene C K

It shovld follow immedintely from vhat has been said above that if, from sons
other sovrce of inforpation vou can Ynouw that there really is, in any series of
fizures, a rhythm of any certain length, the periodic table will give you very
valuable information as to the average rthase (timing), shane, and amnlitude
(heizht) of the tynical or average wave.

Therefore, ¥novinz this, and knowinz that widgets do have a 3-year cycle, we
can go dback to the 3-year table and get some additional valuable facts.

You will remerber that the averazes of all four 3-year cyclee.were as
follows: (T-ble 12): 13, 11, 12, and that the base of the table was 1938 and
every three years thereafter.
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By averaging the above figures ve get the axis about vhich the cycle
fluctuates:

13 411 4 12 - 12
3 .
Thersfore ve not only see that this particular 3-year cycle has its crest at
one year after the base years, as mentioned before (namely at 1939, 1942, 1945,
and 1948, 1951, etc.), but also wo see that this crest averages one cent over the

axis of the cycle. Similarly, the trough comes two years after base years (or
at 1940, 1943, 1946,and 1949) and has a value one cent delow the axis,

The entire wvave, expressed as differences from the axis, has values as
follows: 13-12; 11-12; 12-12 or {1, -1, O.

You have nov found a real use for the periodic table, namely to show you the
average vhase, shane, and anplitude of a wave vhere you knov the length.

HO'* T0 JAFE NORT COMPLICATED 2 I0DIC TABLTS
A. Tables of Fractional Length

Before going on to consider other uses of the periodic table, you should
learn hou to make veriodic tables of fractional as distinct from integral lemgth.

Suppose, for examnle, that in a series of fizures you knov that the length of
the wave is not ar integral number of time units. Instead of 2 years or 3 years
or 4 years supmmose the cycle is 2% years long.

Let us drav such a cycle, as in Fig. 31 and read consecutive values from the
chart. These values are: 8, &, 6, 6, 4, and repeat.

For such a crcle you night mo'-e a periodic table as follows:
TABL 15

A 2)-Year Periodic Table of Controlled Data (an Ideal 2h-year Cycle)

Base Year Yeares After Base Year

1 2 2%

1938 8 [ -
1940 é 6 i
1943 8 4 -
1645 6 6 4
1948 8 Ly -
1950 6 £ A
Sums L2 30 12
Averages 7 5 4
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As you will have noticed, a 2%—year periodic table is made un of 2-year and
3-year lines alternately. In this way ve met an aver-~ge lenzth of 2 years. The

3rd column is headed 2% to vut us on notice that we do not have & 3-year periodic
table.

In this connection there are several thinss to note:

"First of all you vwill observe, if you vlot the values 7, 5, 4 in position
1, 2, and 2} after base, and repeat, as in Fig. 32, that they do not exactly re-
produce the original wave wvith which ve started.

Fext you will note that if, instead of having set up your 2i-year periodic
table so that the first line was 2 and the second line 3 years long, as ve did,
you bad set it u» on a dbasis, such that the first line was three years long and the

second line two years long, as shown below, you would get a etill different shaped
vave, as shown in Fiz. 33.

TABLE 16

Another 23-year Periodic Table of Controlled Date (A 23-Year Cycle)

Base Year Years After Base
1 2 2
1938 . 8 L 6
194) 6 4 -
Sums —;Z- -_;;- -E-—-
Averages —T;_— -—;T- .;:_—

Finally, you con easily see, by making trial, that is, instead of ta-ing 2,
4, 6 or some other even number of cycles so that you would come around to a repe-
tition of your wave in exact nhase, you had tazen an odd pumber of cycles so that
you wovld not have an equal number of long and short lines, you would have got &
still different shaned wave, as illustrated in the two Zé-year periodic tables
£iven bdelow.

The first of the tvo tables is set up with an odd number of lines on a basis--
such that figures for 2 years were entered on the firet line and 3 years on the
next. The second table vas set up in reverse, that is, figures for three years
are entered on the first line and figures for two years on the second.
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TADLE 17

Another 2}-year Pertodic Table of Controlled Data (A 2}-year cycle)

Base Year Years After Base

1 2 23

1938 8 b -
1940 6 (3 4
1943 8 4 -
Sume 22 W I

Averages ‘—7“1/3 TZ/3 s

TABLE 18

Another 23-year Periodic Table of Controlled Data (A 2}-year cycle)

Base Year Years After Base
1 2 2%
1938 8 L 6
1941 6 h -
1943 8 L 6
Sums 22 12 12
Averages 7 1/3 b 6

To summarize, there are four different average waves that can be got from
2}-year periodic table of data containing nothing but a perfectly regular 2)-year
wave, and none of then is right!

Of course the differences between the average wave as derived from the
periodic table get less as the mumber of terms in the cycle increass. Thus, if we
had a perfectly reguiar zhé-ﬂonth vave, and set up a Zhg-month periodic table
(that is, a 24-month, 25-month table), the differences between the average vave
derived from such a table and the actual wave would be neglizidle. FHowever, the
shorter cycle (fewer terms) used in our exarmle illustrates a fact that you should
not forget, namely that where the cycle is not an integral number of units long,
the average wave as revealed by the periodic table is distorted.
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Also, it may be noted in passing, that if you have a long series of figures
vith many renetitions of the cycle it is less important that you stop the periodic
table at a nlace such that the pattern has come around again to the place of
bezinning. One odd line out of tuenty is much less distorting than one odd line
out of three.

Before we go on there is just one other minor point you ehould notice. That
is, in those two 2}-year veriodic tables vhere we started with three figures on
the first line instead of two, the third column, headed‘2§ really represents
vositions that are three years after the base year. That is, the firure 6 in
the first line i3 not the value for 23 years after 1938, it is the value for three
years after base.

As the column headed "23" really contains in all instances values that are
three years after the base year of the line involved, you may vonder why we do not
head 1t *3". We could, if we wished, but it saves confusing a 2-year table with
a 3-year table if wve can look at the ton of the last column and see immediately
vhat the true length of the table is.

As long as the last colunn represents three years after base, we could just
as wvell insert all values that are three years after dase. Let us do so, putting
parentheses around them to renind us that the same numbers will apnear on the
next line also.

TABLE 19

Another 23-year Periodic Table of Controlled Data (A 2i-year cycle)

Bage Year Years After Base
1 2 2%
1938 8 4 (6)
1940 6 6 L
1043 8 L (6)
1945 6 6 4
Sums 28 20 20
Aversages 7 5 s

The value of the average of the third column should be plotted 3 years after
base. Constructing your vweriodic table this way gives you still another set of
values for your average wave--also wrong.

Eow can you overcome the difficulties nresented, and get an average wave
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that will be identical with the wave in the original datal?

Very easy when the cycle is 4 a time unit more than an integral lenzth. lake
a veriodic table of the orizinal values, 2 wvave lengths long, like the 5-year one
below. (Two times 2} is 5. TFive is an integer (a vhole number).

TABLZ 20

A 5-Year Periodic Table of Controlled Data (A 23-year cycle)

Base Year Years After Base Year
1 2 3 bk 5
1938 8 13 6 6 Ly
1943 8 4 6 6 L
1948 8 L 6 6 L
Swms 2% 12 18 18 12
Averages _ET L 6 6 —E-

This gives us exactlv the wave wve started with. You can see a chart of it
in Fig. 34,

"If ve chart tris wave it vill rot logk quite the same as the wave we started
with, because ve are merely connectinz tre noints and not interpol-ting the correct
values betveen vmoints, but this is not the fault of the meriodic table. It is be-
cause the data taken from the original curve were not numerous enovgh.

Sometimes the series is so short that it is not feasidble to ma%e & neriodic
tadble lonz enouzh to handle the matter as above. In that event there is another

vay of gettin~ a closer approximation of the original wave than in a periodic
table of the original data, viz:

In the exarmle given above, internolate valves between years, and, instead
of a 2%-year periodic table, mave a 5-half-year periodic table thus.

TABLE 21

The Interpolation of Falf-Yearly Values

Actual Values Intervolated Values
Fal f-1 ) A

8 6 (84u4)+2

b 5 (4 f6)*2

6 6 (646)+2

6 5 (644)+2

L 6 (4 48)a2

and reveat and reneat
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TABLD 22

A 5-Ralf-Year Periodic Table of Controlled
Data (a Zé-ycar cvcle vith intervolated values)

Bgge Year Half Years After Base Year
1 2 3 L 5
1938 8 6 4 5
1940 6 6 6 5 L
1943 6 (and repeat)
Sums 12 14 12 9 9
Averages 6 7 6 Wi ui

The results are nlotted in Fig. 35.

We have been considering periodic tables vhere the fractional length is 3.
Fouv about periodic tahles of other fraoctional length? As an example let us cons-
truct a periodic table 4.222 months long, data starting with month mumber 49.

To make such a table you put your base number (the number of the time unit
before the beginning of your data) on the first line, and in your machine. Then
put 4.222 in your machine. For your second base mumber, you add 4.222 once and
post a rounded value to your table. For your third base nunber, you egain add
4,222 (to the unrounded number) and read off a round mumber. And so on, tims:

TABLL 23

Form of a 4.222-month Periodic Tabdle, Bese lonth Ho. 48

' lionths after base
Base Vork 1 2 3 b 4,222
: Colunp
L8 x x x x -
52 (48 4 4,222 ) x x x x -
56 (48 £ (2 x 4.222)) x x x x x
61 (48 £ (3 x 4.222)) x x x x -
etc. etc.

In actual practice the work column is omitted. I used it merely to show you
how the successive base numders are obtained.

Uhen it comes to adding and averaginz periodic tables of fractional length,
if the fraction is less than .5, you ordinarily ignore the last column. If the
fraction is .5 or over, the t~ble is ordinarily filled in and averaged, as in
Table 19.
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Ji v L
then there are a great many terms to the cycle being investigated and only a
fev repetitions of the cycle it is often wise to interchanse colunns and lines,
and to set up your periodic table the way you would set up a time chart.
TABLE 24

Form of Periodic Table for Long Cycles
50 month cycle, Base month 300

.

300 350 400 450 500 - Sum. = Averaze

t
AN HFW o =

ete.

50

c | ic T D Yhich I T
So far ve have been considering the simolest nossidble cases.
Let us nov introdvece soms comlications.

Sunpose we ma-e a l-year periodic table of a verfectly resular ‘b—yeé.r cycle,
as nlotted in Fig. 36 ths:

TABLY 25

A 4-year Periodic Table of Controlled Data (a L-year cycle)

Years After Base Year

Base Year 1 2 3 L
1938 8 6 b 6
1042 8 6 L 6
1944 8 6 4 6
Average 88 € 4 6
Axis of the Cycle : 6 6 6 6
Cycle as Devi-~tion from axis 2 0 -2 0
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Obviously, the average is the wave we started uith.

Let us nov comdbine this 4-year cycle with a trend line, which goes up one
unit every year. The commosite is nlotted in Fig. 37. Let us now ma'ze a veriodic
table of these values:

TABLE 26

A b.year Periodic Table of Controlled Data (a 4-year Cycle and Trend)

Years After Base Yeer

Base Year | 1 2 3 b
1938 8 7 6 9
1942 12 1 10 13
1944 6 A5 BUR A7
Sum 36 33 30 39
Average 12 11 10 13
Axis of the cycle 12/11/10/13 113 113 113 113
I
Cycle as deviation from axis % -3 -13 ‘ A%

Plotting this averaze wave across the page shows a totally distorted pattern,
as you would expect. See Fig, 38,

From this exammle you can easily see that the values you record in a periodic
table must be corrected for trend. Theres are various ways that this correction can
be made, as I exvlained in Lesson III and Lesaon IV, Probably the simnlest way
is to express the data as percentages of a moving averaze trend.

Another way in which you can remove the effect of trend from the average of a
periodic table is to rotate these averages.

First of all, you have to make some estimate of the trend, end to end. As
you are dealing with controlled data you can extend the series one additional term.
It is 20 (8 # 12). As, at the sane poaition in the gvcle, trend has gone up 12
points in 3 cycles (20, the value of the 13th term, less 8, the value of the let
tern, equals 12), it is clear that trend has gonme up 4 points per cycle (12 + 3),

1 voint ner year (4 & 4),

In rotating the cycle we want to offset this distortion. Ye do it as follows:
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TABLZ 29
A h-year Periodic Table of Controlled Data
(a b-year Cycle and Trend), with Averages
Botated to remove Effect of Trend
Years after Base Year

Base Year 1 2 3 L
1938 8 7 6 9
1942 12 11 10 13
1944 A6 A5, U A7
Sun 36 33 30 39
Average 12 11 10 13

Correction for trend _ﬂi A —=§ =
Sun 13 114 9 11

Axis of the Cycle

élai{nt#%#uig 113 113 13 113
Cycle as Deviation from axis 2 0 -2 0

In connection with this manivulation (Table 27) there are several thinzs to
note.

Note first that the rotation is effected by lowering the values of the average
in Column 3 and 4 and by raising the values of the average in Column 1 and 2. (If
the trend had been downvard ve would have rotated the averages the other.va.y.)

Note that, because there are an even number of terms to be rotated, the axis
around vhich the rotation tazes nlace, the zero, is hetwean the two center terms.
(If their had been an 0dd number of terms the axis vould have been at the center
term. It would have remained unaltered.)

Note that the totel amount of trend to be compensated for, 4, is divided by -
L, veceuse there are fouw terms to the cycle. !e thus have a correction factor of
§ or ') per nosition. As the 2nd and 3rd year after base are } position from cemter
Wwe.add and subtract 3 respectively. As the lst and 4th year after base are 13
positions from center, we add and sudbtract 13 respectively. .

Note that the sum of the maximum negative rotation, -13% and the maximum
positive rotation, {13, does not equal 4, the amount of correction we wish, but 3.
This is becanse the cycle really extends from % of a position before 1 year after
base to 4 of a position after 4 years after base. You alvays make your correction
in such a vay as to rotate your average wave, first term to last term inclusive,.
by an amount that is 1/x less than full correction, vhen x equals the number of



Lesson VII
Page 15

te ms in the cycle.

Fou do you estinate trend vhen you are pot dealing vith controlled data?

Vell, sometimes you have a few values in the cycle after the last full cycle.
In this case you can comyute the move from position 1 in the 1lst c7cle to position
1 in the cycle afte the last one you are interested in.

Or, you can find the move from lst cycle to last full cycle and prorate to
allov for the last cycle,

In “wild" series you mey want to average several initial and several terminal
values to come up with a representative number.

D, The uge of Color in the Periedic Table

) Vhen making periodic tables of deviations of numbers that are plus (4) and
mims (-) around an azis you always post negative numbers, percentages less than
1007, and logs of less than 2.000 in red.

Positive values, or percentaze values 1007 or more, and loxs 2.000 or more’
are posted in dlack.

I"hen making periodic table of most raw data or logs of such data, use black
only.

The reason for the use of color will become clear in a subsequent lesson, but
see 1f you cannot figure it out for yourself in the meantime.
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Lesson VII-Problems
Problem 1. Hake periodic tables of your stock market figures, using deviations of
lo-s of data from their 9-year moving aver=ge. Make tables for h~rmonic intere

vals from 7th to 13th inclusive (7 tables), Averaze and plot the averages.

Harmonics are unit fractions. Unit fractione are the recinrocals of whole
numbers, i,e. 1 over intergers,

You have 92 1tems in your series. The 7th harmonic of 92 is 92 $ 7 or 13,14,
The Bth harmonic of 92 is 92 4 8 or 11,50,

Compute harmonic lengths to three decimal places., Round to tvo places.
(Mways compute gyervihing to one more place than you use.)

Be sure to use color. Red for values 1,999 and less, black for values 2,000
or more.

Problem 2. Make three periodic tables of the logs of your data (Col. B of S. & P,

G.A,,T.S.-1) omitting however, for purvoses of comparability, the first four
and the last four terms.

Lot the lenzth of the table be the 9th, 10th and 1lth harmonics of the nume
ber of data used, i.e. 92.

Rotate to compensate for trend.



ST/2'DARD PRACTICE INSTRUCTICONS
8. Periodic Tnbles
). Place vour initinl nand da*te in the unwner left hand corner.

2. Place the title of the Qpriodlc tablc ot the $op of the sheet, Lfter
naminz geries, alvave start théotitle with the lanx'k of tre prricdic ta»le. 3Be
neccurate and comlete, For exnrmle!

Cotton Produetion

8.33-vear periodic t-hle of dev. nf J~vear m.a. of loese of datr from 9-year m.n.
of lo~s of datz,

3. Tnter lensth of periodic tnble in Index of Time Charts nnd Periodic
Tabl-s in censrcutive numertcal (and hence in chropnlogicﬂl) order,

4, Plece number of neriodic table in upper riert hand corner of meriodic
table, Get numlers from Index of Time Charte and Periodic Tables. Flace prge
numbcr (Prgzs 1) under weriodic table pumber.

S. Fet, set up vour t~hle and enter vour bnse numbers. ZPnter (in paren-
theses) the decimnl, if any, appertaining to one of the last bass numbers sc thnt
one can continue the table without recnlculating all the bare numbers from the
beginning. Exarmle: 625 (.5).

€. Record in the lover richt hnnd corner the source of the data used in the
vericdic table. Mark "compared)' with the date ond vour initial.

7. VUhen $be nnriodic table has been averazed, check apd mark "ckd.", date,
and initiqd,

8. Wow take a shent of 5 to the irch quadrille paper. Hemd it the same title
ae the periedie t~dle. Give 14 the sanc chart number, but call it Prge 2. Be
sure to nost the base numher of the veriodic table as port of the heading.

‘9, Onto Pase 2 of vour periocdic thle, chart tre avernzes of the various col-
umng, reveated at lenst one and a half times and “referqdly twice.

Thnt is, if vou have a four day periodic t-ble mlot the avernzes for day 1,
dny 2, day 3, dev &4, dav 1, dav 2, dav 3, day 4. This w1ll give you vour averase
wave reneted twico so that vou can look at it from crest to erest or “rough to
troveb at vour ootion.

If vou hawve a '} day taMle vou uill karve A value for ‘he 5th column. Plot it
in 9ositien 5. Phan nlo" the value for d4a7 1 one h1lf a time interval later so
that 1t vill be 1% time intervnols after the olot ing of day 4.

Tte.

10, If a cvcle is i1dealized dc this on Paze 2 of the meriodic t-ble, or set



S.?.I."g
FPrge 2

D A nevar~te fage 3. Pave 2 or Fase 3 is aleo the nlrce to record a list of
d~tee of Fizks and lows of the irdicated cycle.

11. 3Be sure to recerd in ing »bat veou learn frem the vericdic table. State
vhnt led vou %o make tre %adle, what vou found out, wha® is indiented os the
next move. Record rotes nlso on vrriodic table atself, Ixarmle: "Iry 7.65"

12. Feld veriecdic t~hle no that number in upper right band corner 1s clearly
viridble.

13. File, interminsled with time charts, by lengths of nmeriodic t-ble (not br
lenstk of the irdicated rhyttn), shortest length on tov,

14, Iz 1-rze jobs, set ud eross index sheete for length of cycle, if different
from len~'h of periodic tabtle.
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LISSOF VII
SUPPLEIENT §
Sueation from a stndent:
(Lesson VII, Page 17, Problems 1 & 2)

I do not understand the si-nificance of "Harmonics® as applied to a series of a
lensth not neceesarily identified as the common multiple of several cycles and inte-
Fral numbers of such cycles.

If the 7th harmonic of 92 is 13.14 does this mean that the cycle length is
13.147 Obviously not, so what is the si-nificance of the harmonics of a random num-
ber? The number 92 ia random. A year later it will be 93.

Anaver:

The reasons I chose harmonic lenzths for the various periodic tables will be-
come clear vhen we 7et & bit further into the course., The results of this work will

fit into the lessons on Harmonic Analysis, Multinle Harmonic Analysis, and the
Periodozgram.

In the meantime it may be said that—-

(a) Periodic tables of all harmonic lengths will completely scan your series
and vill pick up at least half of any cycles present. They are good lensths to
rtart with for reconnaigssance. They provide systematic scanninz.

(b) Periodic tahles which are harmonic lengths of your series of firmres will
alwvays come out even. There i1l be no numhers left over. This simplifies things.

(c) A eycle which is as lonz as the next hisher or lover harmonic is corplotoly
reshed -out of ~ neriodie’ todle of the 1-nrthr of the harmonie. For exarmple, if there
is a cycle 9.2-years lon: in 92 years of data, it will appear full force in the
averaves of the 9.2-year periodic table, dbut will be completely washed out of the
averates of a periodic tadle as long as the 9th harmonic and as lonz as the 1l1th
harmonic of 92 years (10.22 and 8.37 years respectively),

(a) It's a good idea to get used to thinkinz in terms of harmonic intervals.

(e) I wanted to zive you fractional length periodic tables and thought I might
as well =ive you lozical and systematic fractional lenzths, as random ones.
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LESSOH VII
Supplement 2
THE USE OF COLOR IN THE PLRIODIC TABLE
I am enclosing a reprint of a little article I published in
Cycles for May 1951, pages 179-80, called "The Use of Color in the
Periodic Table."
This article also gives you an example of & periodic table,
The reference to throwing out high and low values in each
column of the periodic table anticipates part of Lesson X, "Randoms:

Three Vays to Minimize Them."



THE USE OF COLOR IN THE PERIODIC TABLE

NE neat little trick you should know

about is the use of color in the per-

iodic table, If, when making a periodic
table of deviations, you record all the
numbers 100.00% or over in black and all
the numbers 99.99% or less in red, you
will often find the result to be quite re-
vealing. Of course if you are using
logs you would put all values 2.0000 or
over in black, all values 1.9999 or less
in red

In preparing such tables I use a two-
ended Autopoint automatic pencil with red
lead at one end and black lead at the
other.

As we do not have color printing avail-
able T cannot show you here just how such
a table would look in red and black, but I
will try to give you an idea by setting up
such a table in light face and bold face
type, as below.

For the example I have chosen twelve
lines from a 9.20-month periodic table of
industrial common stock price deviations.
The deviations, in logs, are deviations
from a 9-month moving average of the data.
The deviations have been adjusted for the
effect of an 8.18-month cycle.

In this table the numbers in the left
hand colum, called Fase Month, are the
Hoskins' Standard Month Numbers, as printed
in our report for September 1950. Month
number 465 is September 1939. Therefore
2.0243, the first figure in the table, is
the logarithm of the corrected percentage
deviation for October 1939, the first
month after base. The last base month num-
?er given, 566, is the number for February

948.

It is easy for the eye to see a ten-
dency for strength (black) in the center of
the table. (It is easier to see on the
work sheets where the light face type num-
bers are in red.) This tendency for
strength at about 9,20-month intervais is

confirmed by averaging the figures in each
colum. These averages gives us the aversge
shape of the 9.20-month wave, if there is
a cycle of this length in these figures.

I might say in passing, as en aside,
that in averaging columns of a periodic
table of deviations (or any series where
there is no trend) I usuwally find it more
helpful to omit the highest and lowest
values in each column, or the two highest
and the two lowest values, or sometimes
the three highest and three lowest values,
to obtain the aversge median of the colum.
Such a procedure has no effect upon any
perfectly regular wave of the same length
as the length of the periodic table, but
it does tend to eliminate major accidental
variations where the columns of the table
are not long enough for these variations
to be offset by the laws of chance.

But getting back to the matter of
color, the presence of color in our ex-
ample will tell you several things.

First, by the fact that the black items
and red items more or leas tend to fall in
vertical lines, it confirms the fact that
you may be on the right track in searching
for a wave of about 9.20 months in these
figures.

Second, the relative uniformity of each
color tells you that the indicated wave is
rhythmie. That is, it shows you that the
average weakness at position ] and average
strength at position 6 has also been strong,
weak, strong, weak, strong, weak, time
after time in each of the lines.

Of course there are better ways of de-
termining rhythm, but this is an easy way
achieved by a twirl of your fingers as you
write.

Third, color will often show you whether
the indicated average strength is or is not
the result of a wave which is .three (or
five) times the length of the periodic
table. In the former instances the black

179
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(and red) areas will show up more strongly
on every third (or fifth) line.

Fourth, color will often indicate the
concurrent presence of another wave. In
the example given it is clear that the
black (and red) figures tend to slip off
to the right as well as to group them-
selves in vertical colums.

For example, draw a line from the fig-
ure 2.0070 in the 1st line 4th column
{Month No. 469 (465 ¢+ 4), to the 6th line
10th column (Month No. 521 (51] ¢ 10).
Here we have an indicated length of 10.4
months.(Five cycles in 52 months (521 - 469
& 52), average 10.4 months per cycle.

CYCLES o= Report fot May 1951

You can draw a continuation of this
line from the 7th line, lat column to the
12th line 7th colum and you find the be-
havior seeming to continue.

This slippage shows the possible pres-
ence of enother wave in these figures
about 10.4 months in length. After the
exact length of the wave about 9.20 months
has been determined you cen make a 10.4-
month periodic table as a first step
toward seeing if the 10.4-month wave is
real. Thus color has given you a clue
which might otherwise have escaped you.

Always meke your periodic tables in two
colors when you can.

9.20-MonTH PERIODIC TABLE

fNoUSTRIAL Comon STOCK PRICES. STANOARD & POOR'S CORPORATION INDEX
DeviaTions oF THE DATA, in Loes, From THEIN 9-MONTH MOVING AVERAGE

(DEVIATIONS ADJUSTED FOR THE EFFECT OF AN 8. 18-MONTH WavE)

Gase MonTHS AFTER BASE MONTH
Mow TH
Nussen 1 2 s 7] s ] 7 8 ] 10
485 2.0243 2.0161 2.7087 2 2.0124 . 2.0813  1.9800 1.9492
474 1.9708 t.9879 2.0129 2.0154 . L0028 2.0084 1.9872 1.9930 1.9866
484 1.9067 1.9968 2.0171 2.0072 2. 0080 2.0170
493 2.0029 1.980% 1.96S4 1.96812 1.987¢ 2.00% 2.
502 1.99490 1.9835 1.9835 2.0004 2.0071 2.01588 2.02%%
S1t 1.9944 1.9935  1.99%52 1.9842 1.9942 2.0108 1.999 .
520 : 2.0057 2.0177 2.008% 1.9%8¢ 2.0039 1.9902 1.9894 1.994¢ 2.0000
530 t.9947 2. . 1.9737  1.9900 t.9965 2.008S
539 2.0082 2.0161 3 2.0;3 2035 2.0256
548 1.9725  1.9764 1.9990 1.9857 1.9761
s57 t.9964 2.0200 2.009S . 2.0082 1.9979 1.97:?
s86(.4) | t.9753 2.0000 2.013%8 2.02% > 2.0178  1.9984  1.9956
AVERAGE ’ ~—~——
ex t H, 1.9913 1.9988 2.0034 2.0034 2.0048 2.0082 2.0055 1.9994 1.9973
| Le

SAVERAGE OF | TEMS EXCEPT FOR THE HIGHEST AND LOVEST VALUES IN CACH COLUMNM,
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LESSON VII
Supplement 3
ROTATII'G TO COSP°X-SAT™ FOR TR™ID

Rotatin~ is a problem you will rarely meet because it is not often that the
origiral data arc put into a periodic tnble. And if original date are used they will
not necessarily cortain a pronounéed trend.

Of course when you are using deviatiors from a trend the trend is horizontal
at 100 or 0 ard there is no problem.

But if vou are using the data, and they shov a pronounced trend, and you make
a periodic table as e quick check on a prominent wave you may see by a first in-
sbection of the data, you may then reach the point where you want to take the trend
out of the averages of the table.

However, there is a trend in the data,and of course when you snlit the data into
a table, a certain amount of the trend is present ir each line of the table, and an
average amount is present in the averagzes of the table.

For instance, suppose on inspecting S & P C A Chart 3, which shows the logs of
the data, you decide there is a wave about 9 years long. You have not yet worked a
moving avecrace so you put the logs of the data into a periodic table, and average
the columns.

As an example here, we will use the 9.2-Year Periodic Table of the Logs of the
§¢ P C A Data because Problcm 2 of Lesson VII was set up that way. The original
averages of this table follow:

=) (-]
1.655
1.657
1.694
10720
1'7?7
1,822
1.833
1.831
1.795

A chart of these averazes is plotted in Figure 1.

\O@\’O\V\P\JNHE

As you can sees, the drop between the ninth position and the second plotting
of the first position is partly cyclic, and partly trend.

There are numerous ways to remove the trend, a.d I will start wvith the quickest,

When the table vas set up, the first value entered was 1,161, and the last value
entered was 2.084. This is a growth of about 0.923 over the entire table. Since
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there are ten lines in the table, this is an average grovth of 0.092 per line.. Also,
the average of the table from position 1 through position 9 will have a growth of
0.092 in 1it,

Because there are 9 positions in the average wave, this would be 0.010 per
position. The middle or zero position in the rotation is column 5, and the adjust-
nent becomes:

(If you are working with a table with a fractional column which you are using,
for instance a 5.8 table, then in computing the movement by vosition, you would
divide the average growth by 6.)

0 in column 5
#.010 in column 4 and -.010 in columm 6
#.020 in colum 3 and -.020 in column 7
4.030 in column 2 and -.030 in column 8
#.040 in columm 1 end -,040 in column 9

(If the table you are working vith has an even number of columns the middle
position comes halfway between the middle two columns and the first move is plus
or minus one-half a full move. For example if we had an 8-year cycle and an aver-
age grovth of ,080, the middle position would be ll% and the corrections would de
4.035, £.025, 4.015, 4.005, -.005, -.015, -.025, ~.035.)

(If the trend vere downward you would lover the left hand half of the table and
raise the right hand half. However downward trends are unusual.)

This adjustment apvlied to the averages given on page 1 would vork like this:

Column Average Trend ustmen Adjueted Averasze
1 1.655 040 - 1.695
2 1.657 $.030 1.687
3 1.694 4.020 1.71k
4 1.720 4.010 1.730
5 1.777 0 1.777
6 1.822 -.010 1.812
4 1.833 -.020 1.813
8 1.831 ' -.030 1.801
9 1.795 -.040 1.755

The corrected average for the 9.2-year tadble is drawn in Figure 2.

This method is the quickest, and serves here just to illustra.te houv to rotate,
that is, wvhen you divide, and subtract, and add, etc.

However, this method is also the least reliable, because it is so very cruds.
For instance, in the table used the next value that would have been entered is
2.166. This of course would materially change the results.

Variations which serve to refine the trend correction used require elightly
different arithmetic, but once you understand what was done above, it is relatively
easy to change the method to match the circumstances.
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There are two things wrong vwith the method given above. (1) Growth is distorted
slightly because you are not measuring between pdnts wvhich are in the same part of
the cycle. (2) Growth is distorted to the extent that the positions you chooge for
measuring grovth are distorted by randoms (or other cycles).

The first distortion can be avoided by figuring growth from the value of the
1st position 1 to the value of the last position 1. (instead of, as in the example
given, to the last position 9.),

The second distortion can be minimized by finding the growth between groups of
vointe instead of single points. For instance, in the example given, you could find
the grouth between the average of the first three values in the first line and the
first three values in the last line (always keep measurments between the same part
of the cycle).

Better yet, average the entire first cycle and the entire last cycle and get
the difference between these averages.

Fote that in both methods just given to get the average growth per cycle you
divide by the number of cycles between the grouns of points teken. In our example
you would divide by 9 instead of by 10, because it's 9 cycles from the lst cycle to
the 10th cycle.

Of course ideally you would determine growth by fitting a growth curve to the
data, but that is getting a little ahead of ourselves at this stage of the course.

Once you understand the basic idea and process of rotating it can be handled in
vhat for each particular instance seems to be the most logical way.
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Calendars for 201 Years, 1776-1976

INDEX OF YEARS

esRunallecnie
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These calendars are reproduced by per-
mission of J. L. Sweeney & Co., 51 Madison
Avenue, New York City, who published and

copyrighted them in 194]1. This company pro-
vides stenotype reporting service for all
sorts of meetings.

CaLinoar No. 1

1776
1016

LEAP YIARS

1844
1872
1912

1940
1968

CatesnpAr No. 2
COMMON YEARS
1777 1800 1823 1831 1879 1913
1783 1806 1834 1862 1890 1919
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CaiLenpar No. 3 CattnDAR No. 4
COMMONMN YEIARS COMMON YEARS

1801 1833 1874 1914 1779 1813 1841 1869 1897 1926

1807 1846 11883 1923 1790 1819 1847 1875 1909 1937

1818 1837 1891 1802 1830 1838 1886 1913 1943
1863 1903 19354 1963 197%
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CAuan No. 6
COMMON YERARS
1781 1810 1849 1383 1917
:::g ::;: ::;: 1787 1821 1888 18904 1923
1916 1798 1827 131866 1900
1877 1906
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CAI.!NDAR No. 7

COMMON YIARS

1782 1803 1833 1861 1889 1907

1793 1811 1839 1867 1898 1918

1799 1822 1830 1878 1901 192¢
1935 1946 1937 1963 1974

CaLenDAR No. 8
LIAP YIARS

1852

1880
1920

1784
1824

1948
1976
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CALENDAR No. 9
COMMON YEARS
1842 11881
1833 1887
1859 1898
1870 1910
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CAuNon No. 10

COMMON YEIARS

1786 1813 1843 1871 1899 1922

1797 1826 1334 1882 1903 1933

1809 1337 1363 1893 1911 1939
1930 1961 1967
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CarLenoar No. 1N

LEAP YEARS

1788 1836 1924
1828 1884 1932

CALENDAR NoO.12
LEAP YIARS
1792 1832 1928

1804 1860 1956
1888
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CaLeinoAar No. 13
LEAP YIARS
1796 1836 1892
1808 1864 1904
1932 1960
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CaLenDAR No. 14
LEAP YEARS
1812 1868 1936
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1908
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DAY NUMBER AND DECIMAL EQUIVALENT

{NON -LEAP -YEARS ONLY)

JANUARY MARCH MAY Jury SEP TEMBER NOVEMBER
1 1 .003 1 60 .164 1 12 .332 1 182 .499 I 244  .668 1 305 .838
2 2 .00S 2 61 167 2 122 .334 2 183 .50t 2 245 .67% 2 306 .838
3 3 .008 3 62 .170 3 123 .337 3 184 .504 3 24 .674 3 307 .841
4 4 .on 4 63 173 4 124  .340 4 185 .S507 4 247 .677 4 308 .844
5 S5 .014 5 64 .175 5 125 .342 S 18 .510 5 248 .679 S 309 .847
6 6 .016 6 65 .178 6 126 .345 6 187 .S12 6 243 .682 6 310 .849
7 1 .o019 7 66 .181 7 127 .348 7 188 SIS 7 2% .685 7 311 .8%2
8 8 .022 8 67 .184 8 128 .3s! 8 189  .518 8 251 - .688 8 312 .855
9 9 .025 9 68 .186 9 129 .3%3 9 190 .s28 9 25 .690 9 313 .8%8
10 10 .02? t0 69 .189 10 130 .3% 10 19t .s23 10 253  .693 10 314 .860
1"t .0% 11 70  .192 1 131 .as9 1192 .52 11 254  .696 11 315 .863
12 12 .033 12 71 .195 12 132 .362 12 193 .s29 12 255 .699 12 316 .866
13 13 .036 13 72 .197 13 133 .34 13 194 .532 13 255 .701 & 13 317  .868
14 14 .038 14 73 .200 14 134 .387 14 185 .534 14 257 .704 14 318 .87
15 15 .041 15 74 .203 15 135 .370 15 196 537 15 28 .707 15 313 .874
16 16 .044 16 75 .205 16 1% .373 16 197  .S40 16 2% .710 16 320 .877
17 17 .047 17 76 .208 17 137 .37% 17 198,542 17 260 .712 17 321 (879
18 18 .049 16 77 .2n 18 138 .378 18 199  .54% 18 261 715 18 322 .882
19 19 .0%2 19 78  .214 19 139 .38% 19 200 .548 19 262 .718 19 323 885
20 20 .0S5 20 79 .216 20 1490 .4 20 201 .SS1 20 263 .72t 20 324 .888
21 2t .0s8 21 80 .219 21 141 .386 21 202 §53 21 264 .723 21 325 .890
22 22 063 22 81 222 22 142 .389 22 203 .&%6 22 265 .726 22 326 .893
23 23 .063 23 82 .22% 23 143 .392 23 204 .559 23 26 .729 23 327 .896
24 24 .066 24 83 .227 24 144 .35 24 205 .62 24 267 .732 24 328 .899
25 25 .068 25 84 .2% 26 145  .397 25 206 .64 25 268 .734 25 329 .901
26 26 .071 26 85 .233 2% 146 .400 26 207 .67 26 269 .737 26 330 .904
27 21 .074 27 86 .236 27 147 .403 27 208 .S70 27 270 .740 27 331 .907
28 28 .077 28 87 .238 28 148  .40% 28 209 .573 8 271 .742 28 332 .910
29 29 .079 29 88 .24 20 149 .408 29 210 .S7S 29 272 .745 29 333 .912
30 30 .082 30 89 .244 0 150 .41 0 211 .58 30 273 .748 30 334  .915
3t 31 .085 31 90 .247 a1 1851 .414 31 212 .8t OCTOBER DECEMBER
FEBRUARY APRIL June MGUST 1 274 .751 1 335 .918
1 32 .os8 191 .249 1 152  .416 1 213,584 2 215 .7%3 2 33 .921
2 33 .09 2 92 .2%2 2 153 .419 2 214 .586 3 2716 .1% 3 337 .923
3 34 .093 3 93 .25% 3 154 .422 3 215 .89 4 2717 .7%9 4 338 .926
4 35 .096 4 94 .2%8 4 155 .425 4 216 .%92 5 278 .762 S 339 .929
5 36 .099 S 95 .260 5 1% .427 s 217 .895 6 279 .764 6 340 .932
6 37 .10t € 9 .263 6 157 .43 6 218 .598 7 280 .767 7 M1 .9
7 38 .104 7 97 .26 7 158 .433 7 219  .600 8 281 .770 8 342 937
8 39 .107 8 98 .268 6 15 .436 8 220 .603 9 282 .773 9 343 .940
9 40 .110 9 99 .271 9 160 .438 9 221 .605 10 283 .775 10 344 .942
10 a4 .12 10 100 .274 10 161 . 441 10 222 .08 11 284 .778 11 345 945
1" 42 .us 1 101 277 11 162 .444 1M 223 .61t 12 285 .781 12 346 .948
12 4 .18 12 102 .279 12 163 .447 12 224 .614 13 286 .784 13 347 .951
13 44 .12 13 103 .282 13 164  .449 13 225 .616 14 287 .786 14 348 .953
14 45 123 14 104 .285 14 165 .452 14 226 619 15 288 .789 15 349 .95
15 46 128 15 105 .288 1S 166  .45S 1s 227 .622 16 289 .792 16 3% .959
16 & .129 16 106 .290 16 167 .4%8 16 228 .625 17 290 .795 17 351 .962
17 48 132 17 107 .293 17 168 .460 17 229 .627 18 291 .797 18 352 .964
18 49 .134 18 108 .296 18 169 463 18 23 .630 19 292 .800 19 33 .967
19 S0 .137 19 109 .299 19 170 .46 19 231 .633 20 293 .803 20 354 .970
20 St . 140 20 110 . 301 20 171 .468 20 232 .636 21 294 .805 ° 21 355 .973
21 s2 .43 21 111 .304 21 172 .4M 21 233 638 22 295 .808 22 3% .975
22 53,145 22 112 .307 22 173 .44 22 234 641 23 296 .81 23 357 .978
23 S4  .148 23 113 .310 23 174 .4717 23 235 .644 24 297 .B14 24 3% .981
24 55 .51 24 114 312 24 175 .479 24 2%  .647 25 298  .816 25 3% (984
25 % .153 28 115 .318 25 176 .482 25 237 .649 26 299 .819 26 360 .966
% 57 % 26 116 .318 26 177  .485 26 238 .652 27 300 .822 27 36t .989
27 8 .159 27 117 .32t 27 178  .488 27 239 .655 28 301 .825 28 362 .992
28 9 .162 28 118 .323 28 179 .490 28 240 .658 29 302 .827 29 %3 995
29 119 .326 29 180 .493 29 241 .660 30 303 /830 30 %64 .997
30 120 .329 30 181 .496 30 242  .663 31 304 .833 3t 365 1.000

31 243 .666
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You are adding to vour brez of tricks.

From Lesgson V you learncd to combine anv collection of treads, randoms, and
¢cvcles vhen the values of ench for eack time interval are given.

(In this connection remsmher that where examles were given of combination
by addition it vns junt so veu could follov the aritbmetic move easily. You nl-
mont never combine by addition (unlecs the values nre expressed ip logs). You
should almost alwavg combine by multinlication.)

Riskt now vov could comdine 40 different cvcles if I gave trem to you.

You ~lso learned ho to mnseromble anv collection of trends, rendoms, and
cveles whon the values of each for ench time interval are given.

From Lesson VI wou learned all the easy vave known to me to get hints of
cvcle length, vhether trend has beon rermoved or not (only i4's oasier itk trend
removed). You learned how to nmake and how to use time charts and egradunted recales.
(I almost never have to reaort to more commlicated me':hods.)

From Lesson VII wou learned hov to find the average shame, timinz, and amli-
tude of pnv cvcle vhen the length of thie evcle is known, whether trond hng dbeen
removed or nct.

You need lots more nractice in these mattera, but I do not see that Tou necd
any more insirvction. The lecrons will, therefore, press on to other mnatters.
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LESSON VIII
HOW TO MAKE AND USE A PERIODIC TABLE - Part II

In Lesson VII, I told you something of the first of the four main uses of the
periodic table, namely to tell you the typical or average shape, strength, and

timing of the cycle, as nearly as the figures will permit, if you know the
length of the cycle,

In this lesson I wish to speak of the second main use of the periodic table,
viz: to reveal to you, as exactly as possible, the length of any cycle that may
be present in the series. Let us see how the periodic table can be made to do this,

Let us start with controlled data.
Consider a 16-day cycle with values which run smoothly from O at trough to 48

at crest, troughs being in position 1 after base. (I have chosen these values so

we won't have to bother with fractions.) Enter these values into a 16-day periodic
table as follows:

TABLE 28

A 16-day Periodic Table of Controlled Data (a 16-day cycle).

Days after base

Base A 2 3 4 5 6 7 8 9 10 11 12 13 1 15 16
0 0 6 12 18 24 30 36 %2 18 %2 3% 30 24 1B 12 6
16 0 6 12 18 24 30 36 42 LB L2 36 30 24 18 12 6
32 0 6 12 18 24 30 36 k42 LB 42 36 30 24 18 12 6
Average 0 6 12 18 24 30 36 k2 48 42 36 30 24 18 12 6

A chart of these averages repeated twice, is shown in Fig. 39. It is obvious
that, as the periodic table has the same length as the cycle, the average of any
number of cycles will give you merely the values of one typical wave.

Let us now put these values into 15 and 17 day periodic tables respectively.
You know from Lesson VII that when you add and average you will get 15 and 17 day
cycles, but let us do it anyway.
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TABL 29

A 15-day Periodic Table of Controlled Data (a 16-day cycle).

Daye after base

Base A 2 3 4 5 6 2 8 .9 10 11 12 13 1& 15
0 0 6 12 18 24 30 36 42 48 42 36 30 24 18 12
15 6 0 6 12 18 24 30 36 42 48 42 36 30 24 18
30 12 6 0 6 12 18 24 30 36 L2 48 k2 36 30 2
is 18 12 "6 _0 6 12 18 24 30 36 L2 48 42 36 30
60 24 18 12 6 0 6 12 18 24 30 36 42 48 42 36
75 30 24 18 12 6 _0 6 12 18 24 30 36 L2 48 42
(sum) 20 66 54 5k 66 90 126 162 198 222 234 234 222 198 162

Avercoge 15 11 _ 9 9 11 15 21 27 33 37 39 39 37 33 2

These aver~ges repeated twice are charted in Fig. 40. You will notice (1)
that tre cycle you get from the 16-day cycle when cast into a 15-day periodic table
is 15 days long, (2) that it has lower armlitude than in the 16-day table, (3) that
it has a different tiiinz from in a 16-day table, and (4) that it is not syrmetrical.

If now wve make a 17-day veriodic table of our 16-day cycle you will see that we
get the sane four results. The 17-day vmeriodic table is given below. Its average
is charted in Fig. 41.

TABLE 30

A 17-day Periodic Table of Controlled Data (a 16-day cycle).

Days after base

Base 2 2 3 4% 5 6 7 & S 1011 12 13 14 15 16 17
0 0 5 12 18 24 30 36 %2 43 b2 36 30 2% 18 12 6 O
17 & 1z 18 24 30 36 42 4B 42 36 30 24 18 12 6 O 6
34 12 18 24 30 36 42 L4e L2 36 30 24 1 1z S 0 6 12
51 18 24 30 36 42 48 Lz 3¢ 30 24 18 12 6 0O 6 12 18
68 2, 30 36 bz 48 L2 35 30 24 18 12 €6 0 6 12 18 24
&s 30 36 42 48 L2 36 30 24 18 12 6 O 6 1z 18 24 30

20 125 162 198 222 234 234 222 198 162 126 90 66 54 54 66 GO

Average 15 21 27 33 3732 39 37 33 27 2 15 11 _9 9 11 15
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Incidentally vou 1rill notice that wien the cvecle is longer t!an the neriodic
table, 28 in Trble 29 the crests and the troughs slip to the SIGHT as we go from
ton to bottor. llote nlso, that if uve h2? continued the table the cresis and trouvshs
would Jjump & vwhols cvcle tlen ther started in at the left again, tvo cycles later.

On ﬁhe other hzsd, vhen tre eycle is ghorter then the neriodic table as in
Tahle 30, tte crests and troughs slin to the LiIT as we zo from ton to bottom.
lioreover, tlhie crests and@ troughs, trhen they start in at the right nzain double up
and start in tlie game cycle in which thev ended.

"Jou viil find it necessary to keen these facts in nind as we vrogress vwith the
vorlc,

Sumose now we divide Table 29 into two halves of 3 cycles each, add, average,
and »lot as in Fig, 42. The averages are as follows:

TABLE 29 AVERAGID BY EALVES

Days after Base O

1 2 3 & 5 6 7 8 9 10 11 12 13 14 15

e e e asmms  Gmmw  tmeme  owas  Goumn  essme  Gmmae  Gmmen e emSen emmes e

Av. 1st half 6 4 6 12 18 24 30 36 42 LY 42 36 30 24 18

Av. 2nd half 2% 18 12 6 & 6 12 18 2k 30 36 L2 b k2 36

The averaszes of the first half of the table swrmarize or editomize the first
half. They boil it down to a series of values nroperly renresented at the mid-
voint of the block being averaged. That is, just as when you average the 12 nontha
of a year to get a yearly value you revresent it as belonzging to the mid point of
the year, vhen you average three cycles you. consider the averages as collapeirg the
three cvcles into one--the middle one. (If you hzd averaged an even number of
cycles yeur average would have fallen between the two center ones.)

Siﬂilarly the averave of the last three cvcles rust be thow:I:% . of as evite-
mizinz the last three cycles. In other words we have boiled Table 2¢ dovn so that
it looks like this:
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TATLS 2¢ AVTR-GTD BY F.OVS

Days after dbase

Base 1 2 3 & 5 6 7 8 921011 1213 1415
(4] X X Xx X X X X X X XX X XX X X X
15 6 4 6 12 18 24 30 36 L2 L4 42 36 30 24 18
30 X X X X X X X X X X X X X ‘X X
Ls X X X X X X X X X X X X X X X
60 24 18 12 6 4 6 12 18 2 30 36 42 4k 42 36
75 X ¥ X X X X X X X X X X X X X

(Incidentally. if ve averaged the values given nbove wve would obtain the
orizinal avera=ss of Table 29.)

It should bte clear from the above that the two averages should be thoughtof as
three cycles apart.

It should elso be clear from an insmection of the toble, or of Fig. 42, that
the crest of the cycle ix the second half (and the trough likevise) has moved
thres spaces to the risht of ths cyele in the first half.,

If the cycle —oves threes mositiciis in three cvycles it must move one vosition
in one cvcle. In other words it must he 15 days »lus 1 (3 + 3) day lonx. That
is to sav, the sliwrase to the risht from one 1alf of the veriodic tatle to the
other reveals that the inhereni cyvcle is 1 day lon~er than the length -of the
meriodic tahle. As the mariodic todble iz 15 days lons, the cvele is 16 days lonz.

Zealirn~ -'ith controlled deia vwe knew this to start -ith, so it econos 22 no
curorise. But dealing ith actual data, vhere tre do not 'mov the true lenzth,
tris maniul-~tion vill tell wma, subject to the distcrtion caused by randon, trend,
and otker cycles, 4s nearlv a3 it is nossidle to lmow, tthat the truc length raally
is. '

e have aver~ged ovr nerindic {2hle by halves., Let us noi- averaze it oy thirds,

TATI 20 AV 3= .1 37 TEIRDS

let third 33 215 72 2 33 39 45 45 39 33 2 2 15
{lev two cycles) -

7»d third 15 9 3 3 9 15 21 27 33 39 _4s 45 39 33 27
(3ra "%tk cycles) ‘

3rd third 27 2115 9 3 3 9 15 20 27 33 39 45 ks 39

(5:h"5th evcles)
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The results are nlotted in Fiz, 43, dut aver vithout the chart we can see the
cycle slinhing across the tahle tvo positions to the right in tvo cycles--one
nositien ner cycle.

Of course in Table 29 you cen see the cy:le slippinz across aone position
avery cycle, but remember that in T-ble 29 you are dealinz with controlled data
vhere there is but one cycle nresent and where there are no distorting randoms.
In real iife the cycles are usually so distorte?, or the “ovement per cycle is
so small, that you cannot obtain the best nossible ansver by visual inspection of
the veriodic table or by any means other than measuring the slippage of groups of
cycles in a periodic table.

In drincinle all this is very easy:

1st, by means of inspection or thwibing of data (usually exoressed as devia-
tions from trend), you get a hint of a cycle.

2nd, you subject your hint to the test of the graduated scale or its brother
vith the college education, the time chart.

3rd, having gone as far r3 you can with these tools you then make a veriodic
table of the estimated lensth of the cycle. (Of canrse you gould start dlindly
vith one or more weriodic tables. Ve will get into this subject later when ve
consider harmonic analveis and rultiple. harmonie analysis.)

Lth, by mositicnin~ the cycle in different parts of the periodic table, not-
inz the slipnage from the cyclé in one mart to the cycle in mnother vord, ant the
nunber of cyecles hatwveen perts, you can comdute the lensth of the cicle as exactly
as the irrcrularities and the noturc of your dota will allow.

To': do veu "posiiion" a cvcle? That is, Mo d5 vou deterrmine just vhen the
crezig and trouzhs corme? ith the controlled data given sbove th> ansver is easw
in real life it is harder. Tefiritizing cvcles will be {he subjest of the next
le=gon.

Fow do yov determine hov many cycles to average into a group? That also will
be the subject of another lesson.

Fovever 2s p-rt of fris lesson let us be gure vou xno'r hor to locate the
distance between zroups of eycles.

Swriwee reur nerisdic tahle is 10 crclse long. The average of the first five
cycles would fall at cycle 3. The average of the last fiva cveles would f2ll at
cvele 8. ‘The "wo averages would be 5 cvcles apart. The slimmaze betireen the first
roun) and ihe szcend zrowd would be divided dy 5 to ge; the averaze slinvage »er
crcle. :

Sunmose nov you averared the first six= cvcles and the last four cycles., The
averange of the first six would be ot cycle 3». of the last four would be at 8%.
The tuo growss would still be five cycles anari.
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Supv0ssl you everaxed the first seven and (overlapning at the middle) the
iast seven. The averaze of the first group would fall ai cycie 4, the average of
the last seven would be at 7. The grouns would be three cycles apart.

Sumose you averaged the firat seven and tbe last six. The average of the
first seven would fall at cvele four. The averzge of the last six would f211 at
cycle seven and a half. There would be 3} cycles between groups.

From 2 study of the examnles given above you shouid be abdle to see hov tn
measure the distance, in cycles, of anv grouw of cycles in a periodic table from
AnY other groun of cycles in the same table.

In connection with slippaze from one half of a periodic table to another note
that if tlere is anyv considercble amount of slipoage, there is no vey of knowing
from the averazes of the two balves of the t~ble wheother the slirpage is to the
rigzht or to the left.

Sunose for axammle won have an 8 month maricdic ta»is. Supnose the averase
of the first Lalf of t)e $-ble cresits in o5sitionm 3, the averaze of the second
half of the table crests at positisz A, From these facts you must not asaume it
slips to the rigtt by 3 nlaces. It could have slivoed to the left by S5 mlaces.

Therefere, it is aliavs necessary to check the directior ir whizk the slip-
vage occurrad br some oiher means.

Probe®iy the best means of cheo'zing the slippage is to average the table by
thirdc 2s vell a8 dy halves so that Fou car ase the successive nosition of the
cycle as it marches one un™ or the other across the oeriodic tatie. You should
alsn check b7 zrnduajed scale and by time chart.



