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colurn ? la the proiluct of the valuas la colruns 4 (the coslac ourc aail 5
(tls orta) .

llo you total colunas 5, 6. sad?.

Ubat you oro stliviD€ to alo 18 to fl|ra th€ 3he cunte atla th! coths cnFo
rhtch. vhea cornblnett luto a slDo-coglne curvc. ulU nogt lea'rly flt ter alBta.
tOtr calr t chaage the !.l.Fltc of eltber alnc currc Or cosl,|rc Cutro. but tO1 ca! chr'rgc
thclr laplitucles. fV CettfDg tbo propar aupl ltudc for thc !1n! surc a'!al for thc
collne cu.rrc, not ouly vttl ihc llnc-coslne cruvc bgvc tbc proper erlplttuao. brt
It vtII bave the proper phare as vclI.

Ir11 tcIl you hov to tet th€6o amlrlltualos ln a ltmtte. Uut for lov lctrr to
o! ulth a alescllption of tbe table.

A lr tbe sy'loL ualed to denote tUe arplituAe of the ginc. tt turaa ort to bc.
tr thls craryr", u.519. coh:nn 8 th6n ts !cr61y L5.5L9 tlres tbs varl'or! valucl
il Cofr-o I itfte 

"af"e" 
of the slne clre vlth an a4il ttuile of 1). Colula 8 1g

therefore nerely a siae eurre trith ar aupl ltuile of 15.5f9.

3 lg the anplltuile of the coslne. It turas out to b', la tblr claoplc'
4.9133. Colunn i ls uerely 4.9t33 ttnes the Yarlorrs valueg la Coluol 4' Coluna

9 ls thcrefors ncr61y a coslne curve vlth a,a aoplltuile of 4'9133'

Colutr| Io ls the conblnation of the rlae cr:rrc of propcr (t5'519) auplltuac
(Cof. A) atd the coglne curye of proper (4.9f33) anplltude (Cof. 9) aril thc atcr-

age valuo of the T valus;-iloo). 
'It-ls 

yqu! analrcr. It 1B plott€al tn lle. 9 by

leans of a broken line.

llotr, bou ilo you €et your I a'Dil you! l?

A 1r the 6u0 of the txneE tllos the I values (186'23) alvtitcit ty bolf tbo

nubcr of terns (12).

t8tr,A = r5.5L9
12

! te the srl'[ of, tho coslnes ',lnes thE r vslusg (58'96) illvlileil by balf the

mrnbcr of t eru: (-r-2).

53.25 = ll.9L)3
12

!ary, lsnr t ltl

!!g Sh.aoe of Sing ggg Cost!6 gEE

I h e a l s p d t e o f t h e . b a D e o f g i n e a . a i t o f c o g i n c c u r c r l r c f e r r e i l t o t h o l r
lathmttcal cbaracterlstlcg. Y isua.U.y one sl!€ curre (or one coglac cunc) lay

.LsE vcry illffer€nt fron anotber. .seirig. to. rtII of the gurrcg ln ltg. 10 atc

6ig, tut of itlfferent lerloil aail/or aqflltude.
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L,cesOO )fV
Supplenent 1

Brlef llable of Slnea

l[o fintl the slne or coeine of anY
the anrJe fron soua lntel3al mfltlple
Sl6us to be preflretl to table valuec

and Coglneg

angle greater th'rn 90o, subtract
of t80o and uae ths table belol.

are as f ollfrrs :

Sln Cog

t t

: l

$railraut

I
I I

I I I
IV

Angle
( desreeg )

0_90
90-r80

180-270
7?o-360

Degrce Slne Coelue Ilegrco Slae- -
Slne Coslne- -
-8660 .5000
.6ibr6 .[911f,
.8829 .r+695
.8910 .l+5&O
.8988 . tl38l+
.9063 ,4226
.glts ,m6?
.9?05 J9q|
.9712 J?,+6
.93)6 ,3fr

.93n ,Jt+?o

.g+SS .3256

. g5rr .3090
,9563 .2924
.9613 .T156
.9659 .25ffi
.no3 .24L9
.nr+I+ .2250
.978I .2V19
.9815 .1908

.981t8 .l?)6

.g$n 
'J564

.99A) .]-392

.99?5 .1219

.99+5 .10115

.9962 .0872

.9n6 .0598

.998tr' .0523

.ggg4 .O3L+9

.9998 .oL75
1.0000 .0000

Degree-166-
61
6z
6l
B+
65
66
6Z
68
69

?o
7L
?z
?1
?,+
?5
?6
7?
?8
79

80
81
82
83
8lr
85
85
87
88
8g
90

0
1
2
3
l$

5
6
7
8
9

10
l1
T2
13
t4
L5
15
L7
l8
1g

20
2L
22
2)
24
25
?6
2?
28
29

.0000

.0175

.o3t+9

.0523

.069g
,08?2
.10t+5
.L2L9
-1392
.L56+

.L?36

. rg0g

.2479

.2250

.2419

.2W

.2?56

.2924
'3090
.)256

.342o

.3w
,3?46
.3991
-4057
.t+??6
.438t+
.lltlo
.r$95
.4BI}8

1, oo00
.9998
.ggg,+
-9986
.gn6
,9962
.99t+5
.9925
.ggo3
.9877

.981+8

.9815

.n8t
'9?t+t+
.n03
.9659
.g6L)
.9563
.gstl
.9455

.93n

.93)6

.942

.9205

.9t35

.9063

.8988

.8910

. gg2g

.8?l+6

.5000

.5150

.5299

.N6
-5592
.5?36
.5878
.6018
.615?
.6293

.6t+zg

.656L

.669r

.5820

.6947

. ?0?I

.7L93

.73L4

.71+3r
,?54?

.?660

.?7?L
,7880
.?986
.8090
.8r92
.8290
.838?
.81+80
.95?2

.8480

.83W
,8290
.8192
.8090
.?%6
. ?880
.77?l

.?660
,?54?
.7431
.73t4
.7t93
.7VlL
.6*?
.6820
.6691
.656t

.6429

.6?93

.6L57

.6018

.58?8

.5?36
-5592
.M
.5299
.5150

3l
32
33
34
35
36
3?
38
39

llo
4r
t+z
43
4l+
45
t+6
t+z
|a
49

50
5L
52
53
1tr
55
56
57
58
5e
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Eor to llske r Slrple larloalc lnalyela

toq heer co mrch about hanonic analyrl s that tolr shoulA kDov about tt'

lbig 1r bor you oake a rhple barooalc analyale:

Iak. e aerles of flgurca.

llt a rlne-coginc curte !o. tb€c.

Iiake a pcrloittc table 1/2 the longth of the gerleo (zna haraonlc ) '

tlt a ttne-cosite c,urre to th6 averages of th18 teble (or. 1f you llke, fit tuo

colaocutl"s glne<oslne curves to your eeriea. )

tiako a perloillc table 1/3 the length of tho sErles (3rit harnonic) '

tlt a aine-coBine curve to the averagcs of this talla (or, lf ysu likc, fit

thlso cbbsocabtv. rlno-cosiDo cirnros to y@r oerlee.)

Cortituo the procees aa far ag you like'

Ai you get [o!€ anal nore slne-coslns cur?gE their slr! t'ill cole closer a'ail

cloeer to rcproalucin€ tho orlginal cu.ree.

If you carry the procese far enough l5o ot ?5 bernonlcg) tbe !yDthe818 of tho

varloug harnoDlc etne-cosine'.urteg nllt be alDoat as gooat as a photostat of g"curve

of your data.

If you proJoct the varloua sllc-cogils cnrtea lato tbe future you rll'I get a'n

afnoat iact- aupllcat ion if th. 
"*r" 

yo' atarteil tlth. 3ut 1t $qulal b. e lot 3ar1€r

anil cbeaper to let a Photostat a.nal PaBt6 it nert to the origi"'l curre'

Earronlc anatysis 1c ueeful 1o tr1rs fiarysis of soulil vews (heace itE "gd'c). It

lr also uleful in tldo ?nr'lysLs, ln sDgiDeetin€, a'Dil tD othsr lPcclal 1D!t6r'co6' Ear-

noaic alalyris 1g a aethot-of br eaklne a co1'ye into a lr;'bor of Dath€oatlcel lullttlng

blocks. dovwet, th6so tuUitiDg blocis bave !o trecolaarlly rotatig! tl .!!e reat,

ggglgq vhicb uaJr be prereat ln ibe ortglnal aatal uareos thsos cycles h4tPs! to Ie

u,nl t flactloas of tle fergth of your cirve. Xaruodc analygla 1s a nothoil of $'
scriptio!. gAn iOmC A{rfiSIS, lS SUCX,1S ISSOU}TELI UO q,OOD FOR 5O1ECASIIIIC.

U\y then Co I itsvoto e lesson to it? Io keap yor froo buraing -yoursstft 
ArA

bocaqri e uoillficatloo of harnonlc aralysts, to be illacuaseil, !g of value'

lhc rc$rlts of a hanotric a,DAIysi s a,re oftea recoriled on a perioitogran. Earooalc

aaalyrle .ls tbersforo so|letines ( erroneoualt) calt€it Pertoalolra! !!!.lysis.

Xov, because lla ooDic analysis is e vell knwa lathenatlcal techaiquet lt 16

firlIt alodcrilo(t in Da,$r tsxttoois. oD6 of the -ctearegt adl si4}lcst ilcscrilotloas 1s

that coltsrDoil in e roo*'Jii"a g!e-l"t'e*e 
"-,r+itil :Hl?;":}l'"1"*"i::,t:":tprlat. nas vrltton ta l9? by tbo late Devto! C' li

Scbool of Appffed Screrci, Ci.""i-a. Ofio. Erc€rpts fion tbet book, ale eDc1o8€'l

bcrttith as nrpPl €o.nt al naterlal.
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Flnally read the last artlcle of thte geileg callecl nPogelble Cyc1es ln Ple

I ron Prlccs, 1?8t+-1951t reprinted fron 9lg}.gg for Jqne 1952, Pa€eE 2A-7-9' Tblg

supplenent also includes a chart of preFon prlcsB 1?81-1951 takea frou CJ'cIee

for lfay 1952, Pages L4t-5.
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Hartnonic Anelysie2

Cur:res anil vave forns such ag those obteined ulth the phonoaleik Ere represent-

atlve not ody of sounal, but of neny other physlcal phenoDena. and their stuily is

of general inportance ln sclence. itli te tnspectlOn anil elnrple nea$:reDent- vill

oftin give go-ne lafornation concerning tbcse curves, as *i1l be explained later, tb€y

are 1tgenerel too coutrllceted for lnierpretation- ia their original foros. anal

lereral-"ethoits of analyBi s have been dertelopeA vhlch gr'atly essl8t 1n our uailer-

sta.nAhg of thon.
I D t h 6 v a v 6 l e t h o a o f a n a l y s i g , o f t e n u g e d l t r o p t l c a , t h e a t t e a t i o r r l s . l i r e c t e i l

to the rpeeil &nal atirectlon of piqtagat tol of the lrave' in the neillu[ and to thelr

coDblneA effccts; 1! tbe harno'nt. titftoa colgitleratio! is given priDarily to the

"ibratory 
clEract cr of tfreioveuents of the neiliun, these vibratlon8 being rcga,rileil

aa co't outtiled of e serles oi-t;;i;;;, vhich nay be lufLnlte in nrurb er ' but each of

whlcb ls of a si4rle il6flnlto tylte-
For the lrrrestigatlon of tle corplex curves of the eountls of nrgic adl gpeech'

the harnonic nethoit of -r"rvri" ir trt'. nost suitable anal cotr'enlent i it is baso'l upol

tha lDportsnt EathsletlcJ;iii"ipr. x"t'o aB. Eo'+&{s Theoren' tho stat erent ald

Droof ;f uhlch tras frrat puiffefrei in Paria, in 1822' by Saron J' 8' {: tr'ourler'

ior the prassrt lturpod e riurter t s theorer t]ay be stat eil a3 fo11on6 r If eqy curvo

be given. hsvlng e Itafe len€th I, tbe sa'ue curv€ can altrays ]e leproduced anil !n

0!6 parttsulrr rray gtrly, ii""ri"""aire etrqrl e, harnonlc curve! of 8ulteble arlrlltuilcs

aad 
'phasee, 

in general -infinite in rnrnber, havlng the sa$e axis' anil hsvlng vde

i"i"iil-Ji'f,172 y, tll !, antl auccessire artquot perts of !; ths. siven currs

iay*tra"e .oi ariiti"ry'foi, *,lat e,ve", includtng a'uy nnnb er of stlaight Portlols.
provideil that the orainaie of th6 curve is alvays iinlte end that the ProJectlo!

on the axls of a point ilescrilln6 tbe curve noves altrays in the saDe- dllectiolr'

Itaay of the curres 
"t"dijf,1;-;fi"-i"g1roa 

can be exactly r sproaluced !y cmpounillu

a liulteit mrnb er of tft" 
"ftpi" 

o"t"es; for eouDil naveg the uuober of cotlpouent e

rcquiretl 18 often nore trran'ien, and rarely as nanJr as thirtyi 1n aoue arlitrery

rothematlcal curves. , f ii'it 
" 

--^ri"r 
oi coropono.nte gives onli e 19r1.or 1683 alltrotl-

lets repregentation. vrriil aa exact 
"eproductton 

requires tha lnfilito sertcs of

conponont s .
trorrrlerr e theorem naY be stated in urathenatical forn in the Forrrler. souqtiglt

ao for lors: . ,  
.L ,  r

,l i,ih;'"i=<* l.i"fr- i [i.lr*"+- 
a*j'i"re +"""""

y .g lvar f ;  :  _  r  I

i,b ;111i"",-zc-a*)"o,sti-q [t- li"* og *1"*'*an /..........
r i t f o " - - -  r  

- - J - - -  r  ' f r . . t o  I  J  1

ID tht6 equation g is the ordinate of the original couplex o11e-3t any sPecl-

fieit point 1 on the t.." iti", [f, i.-i; the funilanintal uaoi 1eaeth. Ih€ ?rinciDal

Dart of this equatton t" 
" 

iiifiLitiic 
- 
aerrea - of 

- 

"io"" "rA 
coglo"" ard tldg (or tbe

iioi "r"*qt i ol 
l"t il:l i:,"#i !t.ll #,1@*4"ff i#; o by $r it i Ds * ln a s sc oa.r

stDb ollc fore:

,  i " I  s l n r  l r r .  e i n 2 '  l " t  s l n

I-ao f ('  v '  
i - 0 ,  c o s f  / b a  c o s I . I b l  c o s

zchapter IY, Pages g2-g?
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IVlultiple Harmonrc Analysis

N  t h e  R e s e a r c h  D e p a r t n e n t  o f  t h i s
icsue I  repor ted uPon some hints  of
long cyc les in  cot lon pr iccs. {Thece

hintg tlre revealed by 
" 

mrltiple harnroric
rnalysie of those prices'

An rcgistant rnd I uade the analyeis
on en Henr ic i  type lechanical  enalyzer
nanufactured end pleced et our dieposal
for the purposc through the courtesy of
thc Hico-InJtrrnent C.ompany of C,anLridge'
Maggachusetts.

T h i a  a r t i c l c  r i l l  t e l l  Y o u  j u s t  h o r
that  enalyc is  ras nade.  In  other  rords,
it ril l rork rut for you !n cxamPle of the
technique of nultiplc harnaric analysis-. I
rou ld  sugges t  th i t  be fo rc  read ing  th i s
article y* read the other one on Page l?
for backgrornd.'

then you urake a harnonic analysis rith
an Henrici type uachine, You trece rith e
sty lus the 

"ut t .  
to  be analyzed,-  F ig '  I

on ptges 18 end 19. Then yotr read the sine-

"o"i.I 
values frqn the diels on the rnach-

ine. Frqn these valucg, rhich rre in centi-
netera, you ctn easily corpute an index of
the enplitude' or tn inder of the elope of
the rave. Yalues for ftve hrruronics can be
read aB one t ime. I  think the procedure
rill be clear to You as rG Procced.

l c  f i r s t  t r e c e d  t h e  c u r v e  r i t h  t h e
u a c h i n e  t c t  f o r  h e r a o n i c e  l ,  2 ,  3 ,  4  '
end 5.

As the curve ras 209 Yeers long, the
readinga for hamronic l, the frurdanenbel,
cnablel us to conpute the enplitude of a
ginc curve f i t ted Lo the entire ceries of
d a t a - t h a t  i s ,  t o  e l l  o f  F i g .  l .  T h i s
vrlue turned out to bc 6.6- Thig leve has
Do nelning rhatever for forecasting pur'
poses._It ttrely mang thaton thc average,

. R E ? R l i l T G O  ̂ T  T l l E  E t l o  o F  r x t  3  A n T l  c L E '

length as a
Fricticn ldgtlt

l{arc of of thc in
lLrsuric Frndsmntal Years

A P P L I E D  T O  C O T T O T T  P R I C E S  I 7 3 I - 3 2 - 1 9 3 9 ' f 0

gcctionc of the curve uc arc
higher than thc other l01X

of the five hartrcnics, end
empli tudeg, tre givcn in

Table I

one l04X-year
rne lyz ing  i r
years.

Ttre lengths
the i r  re la t i ve
thc teble bclor.

D
Relative

Anpliude
of Fictcd
Sfute Curve,

(Ccntimers)

Funder;ntel
2nd
3d
4tlr
Stlt

I 28 6.58
tn l$.5 2-Y2
Ln 69.7 3.80
tll 52.25 3-89
l'/s 41.8 3.84

lVhat does this tsble tell you? It tclls
you that IF thcre ere ralcs of the indicetcd
iingirt, 

""d 
if they are aine ghapd, thet

the! have thc relative arylitude ghcn'

it does not tell you that tavcs of this

length are real,  oF l f  real,  thac they arc

repcti t ive.'After 
re took our readings for thc first

five harncrice, te rctraced the curve rith

ih" g""" rheeie churged go that the uechine

ro,rl-<l give ua rcadinls- fot the 6th to the

iOit hirnonics 0/6 of 209 ycars.d-l to

l / f0  of  209 ycer ! ;  in  other  rords,  f roo

i l . a  y e t r s  i o t n  L y  f o u r  a t e p a  t o  2 0 ' 9
years. )'  

Then re rctreced the curvc r i th thc

nachine get to give us readinga for tha

llth to thc lSth 
-hernmics, 

rnd cb dr, dcn
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D 
aYcLgs-A Rcport

To r t r r t  r i th,  let  uc conccDtr l te our
r t tcnt ion for  e l roocDL upon thc eecond
hrrmnic, thc ttcrrF of tirc scctions l0l
t irru l*S (ignoring frecriong, rhicb re
ehall lcrve tothe oechine to botrhcr t ith).

It is obriouc ther IF thcrc really did
l.ppgn to_ bc r rcgulrr r.rc of l0{ i..""
in thcrc figurce, the crest of thic ravc in
both thc f iret rnd eccond l ines-that icr
in both thc 6rer rnd the rccond 104-ycri
pcrioda-rould frll under crch other, rnd
to  rou ld  the  t rougha .  fn  f r c t ,  i f  t hc
ecrica of 208 figurea consistcd of nothing
but, tto pcrfcctly reguler lO{,-ycrr r"t."l
the f,gurcc in each colunn of 

-thc 

"""orjl inc rould be identical r i th the f igurer
rbovc it in thc fir-rt line, urd thc .rir.ge
rold, of cqrrre, b thc suE too.

Jrut for ecrvenicnce of discusrion, let
us lrruc thet thia gcrieg of 208 6gurer
doee consist nercly of tto pcrfectly rcnr-
lar  104-yerr  r rvcr .  fmagine the lor in
pofi t- io1 l ,  thar is, in tbc f irat colum,
rnd thc hid, 52 yearr letcr in colurn 33.
__ Supposc nor thet in eddit ion to your
l0{-yem periodie table you nede e ghorter
t$le 103 yeers in length. In such a table
thc lors end highs of the second 104-year
rlye rould fall, not under the lor of the
f i rs t  _ I0{-ycar  r ryc,  but  one ycar  t  r l r r ,
arrd the- anplitude of rhe lversgc rould be
lcss then rhen both rtvca rei.  cr.cBly
rnder crch ocher.

If rc nede e longdr.periodic teblc of
105 yeers, the lors and lighsofthe sccond
cycle rould fel l  one year rrr l l rr ,  and of
c(rrnc, thc mplitu& rqrld decrease lilc-
t lsc.

Tho longer  or  ahor ter  rc  rcde our
pcr iod ic  t ,eb le,  rhc leas rould be the
urglitu&.

A rave of 104 teraa ia too long for
purposcr  of  i l lur t ra t ion,  but  ruppose I
rorh out an exenple for you using a 

-siorter

t lvc.
Cansider r serier of 8-year ;aves having

thesc vel r rcr  :  -1 ,  -2  ,  0 ,  12 ,  14,  12 ,  0 ;
-2,  _rnd rcpeat  thus:  - { ,  -2 ,  0 ,  t2 ,  i l ;
|.Zi 0, -2, etc.

T h r o r  t h e a c  v e l u e s  i n t o  r n  g - y e e r
pcriodic tablc:

for Novernbcr 1950

adile 2

let Cycle -{ -2 0 12 il .2 0 -2
2rd Cycle -{ -2 0 }2 rl t2 0 -2

Totel -8 -{ 0 tl rB r4 0 -4

Avcrrge -4 -Z 0 |2 Il 12 0 -2

Nc thror thc errc vtlucr into 1 J-yeer
pcriodic trblc:

_ Trllc 3_ -
Dnri iiq.

I  2 . 3  I  5 _ , 6 _  7 . .

lst Cycle -4 -2 0 12 j1 12 0
2nd Cycle -2 -4, -2 0 rZ r1 rZ.

Totel -6 -6 -2 12 06 16 tz

Avcrege -3 -3 -l rl 13 o3 f l
('fith 0 and -2

left over)

It is cleer that the rnplitude has ghrunk
fron 4 to 3 by rceaon of thc fai lure of
the bro cregts rnd the t ro t roughs to
aatch up under cech other.

If you irad slipp.d thc rccond :eve the
o ther  r r y  by  aak in t  r  t . year  pe r iod ic
tebler you ;ould have hed the rran reduc-
tion of aqlitudc, llere re have rorked out
e 9-yaar periodic tablc of the perfect ly

"ot- t'l 
"-5;r". -

lct Cya,lc -l -2 0
2rd Cycle -2 0 12

0 -2 -{
4  4 . - r

1 2 d t 2
r 4 r 2  0

Total

Avcrege

4 : 2 1 2 6 t 6 t 2 4 4 4

-3 -l ll r3 r3 .l -l -3 -3
(tno u.c figrrrca ere borrcd

fror drc ncxt cyule. )
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CYCLES-A Seport for Noverrrlcr 1950
For exanple, there ic a gap of 5?X yerre
bctrccn the length of the ahortect funda-
ucntal end the lcngrh of thc longect 2nd
harmnic, r 8ap of 11.3 yeua bctrcen the
length of thc rhortcrt 2nd harnonic end
the lcrgest 3rd harunic.

Betrecn the rhortect 3rd harooric end
thc longeet lth herrorric, horcver, there
ie no eepccial trp, urd bctreen the ehort-
crt {th heraonic rnd thc longrrt Sth htr-
rcric, tlrcne is en tctuat overlap.

This ir mrely cre of thc charectcrirtics
of fractiqrs and uhcrc is nothing onc cln
do rbout it exccpt to aekc enough rurrr ef
the aachine to get the lcngths you rrnt,
end to discard rny excera velues you do
not need.

let ug nor ttrenge all thcgc lengthain
order of cize tnd l ist the anplirudc of
crch so ra to  heve the valuea for  our
periodogran. Table 6 gires thc renh list
and thc figure on prge 25 gives the periodo-
gFtD besed uDorr thcm.

Teble 6

hriod in Years A'E Srid i+ Yeafg -lR

lhat docs thir pcriodogren tcll us? It
tellr us that, frcrn half the length of the
aeriei dorn, at cvery perk thcrc tlAY Le a
repctitire rlve.

For crenplc, thc periodogtrn ehors
rtrcngth in thc neighborhood of 90 yctrt,
This fecG Etns ShaB rr th rrrrrfr therc
ic l trcngth rhen thc curyc ir  cut into
ree t ions  o f  th i s  l eng th ,  Th ic  rve r t te
strength corrid bc thc regultof 3ro SQ-year
rryeE coraing together in the periodic
teble rB re change the length of the !cc-
t ions fron 80 ycara to 100 years, or i t
corld bc thc reeult of sqcthing clge.

Asruming thet therc rcally arc tro 90-
ycar ?rvca, thir fect Dry or ray not have
eignificence. Therc rrc bunga on eny 0uc-
tuating curve. Tro of thern heppcn to cqne
90 ycers aperi. So rhat? Th"y heve to be
!(ne digtucc epart.  Thic docs not ncan
thet there til l be rnother bunp 90 yerrg
later. tc necd lu7 repetitions of r rrvc
beforc rc  can be surc thet  the rhythn
has rignificurce.

Fror the standpoint of rhythn rnalysis,
re ni3ht juat es rcl l  ignore aII of the
longer rrves. Ihet explains rhl, in uaking
thie urrlysis, re did nog bother to fill ia
the gaps bctreen 70 end 80 ycars, end bc-
trecn 105 and 160 ycers.

As re go dorn in length horever frm 70
yc r rs ,  the  peahs  have  noEe po tenr ia l
cigniftcance.

therc arc fivc auch pceks or the pcriodo-
gran: At 66)1 ycars, at 5? vcera, it about
52X yearr, rt about 4l yerrs, tnd at 36X
year8.

Ihere is relative strength et, each of
these lengths, and this reletivc ltrentth
HAY be duc to rhythns of these lengths
prcrent in the ccries, end, i f  therc rre
rhytlns of these lcngths, the rhythns ftlAY
have r ign i f icancc- that  ic ,  the re lat ive
strcngth nay have arisen ec . result of
cotinuing force ac distinct fro e scriea
of rurreleted forcer, rhich just happcned
to cor tt tpprqimtely cEnl intcrvelc.

It cennot bc repertcd too oftcn that by
itsclf apcriodogrea rnelysis or I mrltiple
harmnic enalyeie gives you orrly hintc of
rhythns thrt nry h prerent. ft cleara the
underbnrsh, in other rorde, erd tella you
of lengthr at or nerr rhich you nay 6nd
rhythos.

2W Furdnrntel
201 !.

l9I o.

l9l "!
185.5 "
181 ..
1?5 '.
168.3 0.
165 '.
162 '.
101.5 hd thnuric
lm.s t i
98,5 0.

95.5 ..
n.?s .'
90.5
gl .5 ' .
84.16 ! '

82.5 "
81.0 0r

69.6 3rd llanuric
6'1.0 ..
65.6 ..
63.6 ..
61.&l ..
'nhtc orerlep rith

6.6 160.3 3rd lhruric 4.6
?.6 159.3 " 4.20
8.1 l55.l l  "  { .13
8.0 155.0 " 3.66
9.0 151.0 " 3.43
?.? 152.25 {th thruric 3.86
?.9 |50 .25  "  3 .37
?.9 149.25 ' .  3.13
7.2 ln.1s ' i .  2.n
?.? l{6.3s ', 2.50
2.551{5.25 .' 2.85
2.51113.?5 " 3.58
2.85142.(n 'e 4.30
3.55141.25f ., 4. $
4.55110.5. 'i 1.{l
{.50f 11.7 StJr thruric 3.82
4.50140.2 '. 2.91
4.10139.2 .. 2.60
1.3013S.2 'o z.ft
3.9013?.r .. 2.70
3.S136.2 .. 2.18
{.?3135.0 .. l .T2
4.?21ili.6t " .6
{.$|il}.tr .. n
l .16lgg.r " ,y2
rst lraruric.
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Frmr this table rc see that althou6h the
664-year irves (if tlrerc are guch) have a
greater  empl i tude than the 4 l -year  raves
(i f  there Ere such), thc 4l-ycm tayca are
rtcepcr then the (t6rA-year raves. the 4l-
ycar raycs go lrmr 3.85 Lelor the exic co
3 .85  ebovc  thc  a r i s  i n  on ly  20 tA  years
(ha l f  o l  4 l )  o r  .3?6  e  ycar ,  rhe rees  the
66)(-year uoves require 33k'years for the
rove of  9.8 or  in  rvente of  only  .295 a
ycer .

In this connqction horever, i t  should
be noted again ( in case you did not read
the article on pagp l7) that any tro taves
cloaer than hcrrnonic interyels froo each
other efrect, each other in the periodograrn.
For erenple, prrt.of the epparent rtrength
of the 56tA-year ravc (if there is one) is
duc to tlre strength of a p'ossible 5? -year
r rve only  l${  yearg- longcr .  Ag 66N ie !
third harmonic gf l99tA years, ony ravc8
shorter than 99X years (the 2nd harmonie)
or longer than49.8 yeers (the 4th harmoric)
rill inllrrcnce the average amplitude of any
iave  o f  6Ot  years .  You  mugt  l re  on  the
lookant for overlaps of this sort.

It is also rell to renemLer that if you
have e regular syrnEtrical tave ol a certain
leng th ,  i t  w i l l  be  revea led  in  pc r iod ic
cables of any odd fractiqr of that length.
For instance, i f  e aeries of f igures has a
perfectly regular synnrtricsl wave 60 years
l -g and hoth ing e lse,  i t  r i l l  shor  up in
per iod ic  tab les  o f  20  years  0 /3  o f  60 )
12 years ,  ( l /5  of  60)  8.5? years ,  Qn of
60) and so on.

Csrversel l ,  lny averate laYe revealed
in e periodograrn nay l';e ilr rhole or in Part

CYCLES-A Rcport for Novenler 1950

lst Cycle -3
2nd Cycle rl
3rd Cycle rl

r ref lect ion of somc othcr rave soure odd
n u l t i p l e  o f  t h e  i n d i c e t e d  l e n g t h .  F o r
instance, here is r {-yett periodic table
of a perfectly regular tt-year taver start-
ing froor a lor of -3, going up to 03, end
thcn falling oft to -3 rgrin.

Table 8

Pogition

4-

- 2 - l  0
rZ 13 12
0 - l ' 2

Total -l 0 +l 0

Avcrase -l/3 0 i/3 0

An average rart of 4 ycars eppears, but
of course i t  is not rhythmic, as ;e knor,
for  thcrc ras no 4-year  taye in  the ar-
bitrary figures rith rhich re ctarted.

There is anorher little natter thrt one
nugt look out for, but perhapsadiscussion
of it hardly belongs here as nultiplc har-
nonic analysis is rcrely supposed to give
h i n t s  o f  r h y t h n s  t h a t  n e y  b e  p r e s e n t .
Carncots such as thc abovc probably belong
Dore properly in another discussion that
rould deal rith hor to ccll thether or not
th€ h ints  revealed by nul t ip le  harr rcn ic
ana  I  ys  i  s  i n  rn  y  g i  ven  c  ase  h  ave  tn -y -
r imihcance. As soon ts possiblc, I  l i l l
g i t  i n t o  t h i s  a s p c c t  o f  t h e  e u b j e c t
l lgo.
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CYCLES -  R e p o r t  f o r  A p r i l  l 9 5 l

Tablc 5, C.ontinrrcd Table f, Continued

Lcngth of . Lcneeh of tbryAnics
Furdei;ntal

Period in Years Anp. Ireriod. in Years Anp-

20q 34.S1 29.S 25.13 23..n 20.q)
26 34.16 29.n 25.63 n,n- ?0.5f1
201 33.50 28.?l 25.13 22.33 20.10
ln 32.83 28.14 21.6? 21.98 lg.?0
t.g3 32 . 16 n .f'l ?4. I 3 2l .44 19. 30
t89 31.50 n.0 23.63 21.0 lq.$
r85 30.83 26.{1 23.13 20.55 18.50

Note: Fun&mntels do not nccesttrily aglee
in length rith thc fundamntalg of Tahle 5
on prge 23 of, thc November 1950 report.
Sanre fundanrcntals have becn droppcd and
others have been added.

Table ?, Continued

c

Index of Slope
( 2  x  c o l . B +  X c o l . A )

34.83. 6ch Herm. l .?813+.e I  8th Harm. 1.4.4
3 4 . 1 5 .  n  I . ? 9 1 2 1 . t 3  "  I . ? 5
33 .5 .  "  l . ?6123 .63  ' )  l . g0
32 .83 .  "  1 .48123 .13  "  2 .13
32 . 15 " 1 .09 123.22"9th Harm. - 8R
31.5 "  .25122.77 "  l . l l
30 .83 ' t  .  19122. 33 "  |  .26
29.ff) ?th lfam . | .17ltt .8S t ' I .50
2g .n  "  2 .0?121 . {4  ) '  1 .12
2 8 . ? l  "  2 . l l  l z t . n  "  1 . 2 3
2g.14 ' )  2 .2A120.55 "  1 .22
27 .s7 n 2.29lr0.9t1oth tfarn - 2-M
? ? . 0  "  I . 9 3 | Z O . S  "  I . 9 5
26.43 "  120. I  

) '  | .42
?6 .L3  8 t }  Ha ru .  l . 8s l t q .Z  "  l . l 8
25 .63  "  I . 8z l t q .g  "  I . 05
2 5 . 1 3  "  1 . 6 6 l t g . q  "  . n

l l g . 5  "  l .  l 7
Note: Frmdanpntals do not nccessarily agree
in length rith the fundanpntals of Table 6
on page 21 of the Novenber 1950 report.
Sone fundanentals have been dropped and
others have been tdded.
'Overlap ritb the Sth harnrqrics recorded in
Table 6 on pogc 21 of. the November 1950

llave Average
lcngth Anplitude Calculatim--EsuI t

33v
27N
zlv

AI?LI  TUoc

a . a

2 . 2

2 . O

t . E

t . 6

t . f

| . 2

t . o

E

6

a

2

Yc^rs  0

1 .82
2 . 4 1
1.56

f 9  20 2 l  2 2  2 t  2 1  
' 2

l g s u e .

"Note overlap tith the next harurctic.

?2 33
r . U L T I f L E  H A R u O l l l C  A f i A L Y 3 l S  O F  C O T T O T  ? l l C E 3 .  l ? 3 1 ' 3 2
P A r l  o t  r H E  o v t r L l t t l x e  s t i l  H l $ l o x t c a  r t P € A R  A r  t x €

(3 .64  +  15 .875 )
(1 .R2  +  l j . 8?5 )
(3 .12  +  10 .8?5 )

.'216
,3L7
.zqq

F r c .  2 .  P e e t o o o c r e l
r o  1 9 3 0 - 4 0  6 r x  l o
G  r r t c r r€  a  I  GX I

3f{of  I  r .  G YHc tE sUL ls oF A
l o T X  f l A R | / | o r f  l c 3  l r c L u S l Y C
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Long Cycles In Cotton Prices

EYERAL yerrs .go rn assistent and I
rrde r nult iple harmonic enalyeis of
coltor pricec to obtain hinta of reves

thr t  r ight  be prerent in that  ger ies of
figtrree.

( I n  t h e  T e c h n i c c l  c e c t i o n  o f  t h i s
ierr: you ri lt f ird r description of nultiple
herrooic anelyr i r  and u eccotrnt  of  the
cthods used in thc enalysie. )

Thc  rne lys i r  r r r  n rde  on  a  Henr ic i
t ype  rcchan ic r l  ene lyzer  p laced a t  our
dispocrl thrcrgb thc hindneu of thc llico
fnetrurnt Conpeny of Ceabridge, i leree-
chueet t r .  Th i t  eonpeny nakeg the  bcs t
harnnic anelyaer f Lnot ebout, tnd the
crlt cre that I knor of edaptrd to nultiple
hanooic tnelysis.  (For a picturc of  en
t b n r i c i  a n a l y z c r ,  8 c e  p a t c  2 t  o f  t h e
Septaber report. I

lbis report ri l l  tell you about e part
of t iet analyeis.

Cotton pr ices l rc lvai leble by crop
yerr! frcr l?31-32 to date.

Fi t .  l .  shots you these cotton pr ices
p lo t t -d  on  sco i log  or  ra t io  sca lc .  The
d o t t c d  l i n e s  i n  F i t .  I  e h o r  c e r t e i n
erbitrary velues used for thc verious ler
pcr iods.  For thc ectuel  f igures refer to
Forurdrticr Hcport No. 2, Cftl lr tr lftr lr-
n l r  t r l l r r :  G t t t r l .

I t  i s  no t  a rgued tha t  the  va lues  ee '
lectcd for the tar periods arc thet prices
rerlly rould heve bccn if thcre had been
no t la,  but  they l re certeinly c loscr to
euch pr ices  th rn  e i thc r  thc  ec tua l  re r
pricci or teio. Ote nust use looc value
ihcn nking a rcchanical .harapnic enalysis ;
tJrc rrluct ;c uscd clearly clininatc acrnc
of thc rer diatorticrs.

In naking thc enelyais re used logo of
tlre drtr, ri auat alreyr be done in ane'
lyriag gcries of thig !ort.

ftnadc enelyscs of the dete l73l-32 to

1939-10, r  rpan of  209 ycrr l  and, 13 a
check, of the dete 1822-23 to 1939'40, a
lprn of 118 yctr8.- 

Ihc corpletc anrlyeis crrried thc etudy
dorrr  to r ives of  5X y"tr ! ,  but  in th ic

report  I  ehr l l  tc l l  you only about the
prit dcrling rith tavcs dorn to 32 yeara.

i dll tcll yo ebout the ghortcr ravcr in
letrr reports.

Thet gection of the rein pcriodogren
grr ing reeul ts f ro l  the length of  !h"
fundamental (209 ycrrt) dora through five
harrmnicg to reyec of 32 years in lcngth ie
ehorn in the figure on pegc 25. Reletive

strcngth et  rbout 90 yeerc,  66X years- ' -

5?-  y . f t t ,  52X years ,  41  Yer rs ,  and 36X

y " " " " ,  i n d i c r l e s  t h c  P o r s i b i l i t y  o f

rhythnic revcs tt ebout theee lengths'-  
(A rrr l l l r !?E is r  char i  on rhich you

rccord the eupl i tudc of  e ine (or other)
r rvc !  6 t ted  to  the  avcrag"s  o f  l l l  Bhe
colunns of r periodic tablc.

(A f  r r l r i [ l  t r l l r  ie en tr r rngclrcnt  of

the dela into colurnrg rnd rorsr-!s nony
colunns aE therc t re tcras in Che 3u3-
pccted cyclc,  rnd t t  a lny rots at  there
ire eycles in che daca. Thus, if you had a
series of 12 ftgurcs and rere etudying 3'
yeu teves, your periodic teble lorld cori'
iain these 12 figurca in four lines of three
colurrrs each.

(l.tr legc othcrrise atatcd, the tulnrl lr l

is  the longeet t tve possible r i th in the
ccrieg. In other ror&, thc full lcngth of
your se?ies of figures.

(lterrltct are t"t. lengths of qre'half ,
cre-third,  onc-fourthr one-f i f thr  etc.  of
the fundarcnt l. )

In the follaing tablc you rill find an
index  o f  the  enp l i tude o f  the  tveragc
ttyes re forurd in thir serieg of figures '

Teblc I

lave hngth
Index of
Anplitude

90 yetrs 4-5
66)1 years 4.9
5? year! 4.35
52X yeers 3.9
4l ycars 3-85
36X years 2.8

There night bc actual rhYthns tt  gr
rbout eny of-thcee lengthr' or thcre night
l loC.----it 

rhould be rcrnlpred thec insofer ec
thc lengttrs of thcce tlvQa erc not scparltcd
f rm . i t  o ther  by herronic  in tervals ,
they tcnd to rcinforcc elch other.
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CYCLES-A Report for Noveml,er 1950

Of course, insofrr as the rmplitudes of
eny of the ebove rries is due to the efrect
of contlicting rlves of another rlve lengch,
es rith thc 36X- end 4l -!GaF rrver diccuged
rbove; thc elopc rill be distortcd too.

lh r t  doc r  th ia  ene lya i r  g i ve  us?  I t
gives us the fact that chere MAY bc rhytlns
of these lcngthr incottcr pricea. You mrst
Bo on froo here by other mcrnr to eee if
these rrvca ere rhythnic, end, if they ere
rhythmie, then Bo detcrnine as rell as nay
be the nunrbcr of t ines out of a hundred
thrt rhythns of the indicated anpli tude,

regularity, and repetitiverrccs could c(nE
about on the onc hand es the result of rcD-
dom, rporodic, unrelated eauaeEr or on th.
other ,  ae the resul t  o f  l r rnc under ly ing
rhythmic cruae that  ney be preauned to
continrp.

Here re are report ing only upon Llrtr
of cycles. te are, rs i t  rere, just clear-
ing arey the underbrush to explore e vein
of quartz rhich is potential ly gold beer-
ing. As you dig deeper you nay end r i th
crly hard rork and disappointrcnt, or you
rny find rerl gold.
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rhich lorgsly aecounts for thc decrclse in
ernplitude es thc rayc lcngths get longer
than lQ years.

Thc ncxt stcp is to refirrc thc rork to
dctrrninc m nearly as possiblc thc proba-
b le real i ty  of  eech of  thece cyc les,  end
f o r  t h o s e  r h i c h  r r e  r e a l ,  o r  s c c n  t o
bc, the ei 'act length, t ining, empli tude,

and sh"p" .
t lhen a l l  the cyc les have been p inned

dorn it is an cary nratter to project them
into the future end to chor thcir cffect
for the future, provided of course that
tlrcy ore rcal rnd that ttrcy continrrc.

A l l  t h i s  r e  r i l l  d o  f o r  y o u ,  s t e p  b y
shp, es fast as possible.
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S u n t n r r t
A  ccnrpr rh rn t l  r r  r rco l l r t r t r ! c t  t ! t t f t

r l  l l l n r t r l r l  G o r u n o !  r t o c t  t r l c r r ,  t 8 7 t -
1 9 S 0 ,  r u g g r r t r  r  r u l l t l t l f u  f  t  c t : l r r ,  t h r
l r r g t h  r l i  r r l r t t r r  I n c c r l r a c r  r t  t h l c b
r r r  t b o n  l l  l b r  r r t t c l r .

t h l r  r l u l y  ! ! p t l r r r r a t r  t h r  r r s o u l r l t -
r r a c .  r l t r r t  o  I  r t l  I  t o t i  r t o c l  p  t l  l l r ,
t 0 t f - t g f l r ,  p r b l l r l r d  l r  l b r  A p r t l  t 9 5 2  r r '

P ! t t .
A r  r l  t h  t h r  r r l  I  r o r d  r  t o r l t ,  t b r  t  r r l

r b r r i  l t  t o  I n r r r t l g t t t  r r g b  o l l  o f  t b r
l a d l c r t r d  c T r l r t  l o  t t r  t t  t l  l r  r h T l l n l c ,
r n d  l  l  r 0 r  t o  f u t r r n l a r  l  t f  t t l l o l l  c l r r -
r c t r r l r t l c r  r o c h  r r  r h r p r ,  t l m l a g ,  l r a g t h ,
u d  l r r p l l t s d r ,  l l d  t o  g . t  r i l r  l d r t  c l  I  l r
p r o b r b l r  r r r l  I  t y .

T b o r r  G t c  l r r  t b r t  - r t t a d  o p '  t l !  b r
p r o l r e t r r l  l l t o  t b r  f t t o r r .

T r{  the Apr i l  lo52 report  f  presented to

I  you the resul ts of  a mult ip le harmonic
-  a n a l y s i s  o f  r a i l r o a d  s t o c k  p r i c e s ,
ln3 l - Iqsn .  In  th is  repor t  I  sha l l  g ive  you
t h e  r e s u t t s  o f  a  s i m i l a r  a n a  l y s i s  o f  i n -
d u s t r i a l  s t c k  p r i c e s ,  l n T l - 1 q 5 0 .

T h i s  s t u d y ,  l i k e  t h e  r a i l r o a d  s t o c k
p r i c e  s t u d y , ' w a s  r n a d e  p o s s i b l e  b y  t h e

tenerosi ty of  Stockhom t i lves ( '  F i t t ings,
lnc .  o f  B i rminghem,  A labam,  who supp l ied
the money, and ttre tlico Instrurent C..cnpany,
of C,ambridge, l lassachusetts, who gave free
access  to  one o f  the i r  la tes t  mode l  her -
mon ic  rna lyzers .

The actual  ror l t  sas done by Alexander
i t a l i n o u s l t i  o f  t h e  F o u n d a t i o n  s t a f f  r h o
la id  ou t  the  work ,  opera ted  the  mech ine ,
and conputed the final valtrcs.

As re had the use of  the machinc for
only a l imi ted per iod of  t inre,  the raaking
of these periodogrenrs rrccessitated a peri-
o d  o f  i n t e n s i v e  a c t i v i t y .  I n  o r d e r  c o
bring these results to you ifr. i falinoeski
rorked an average of ll4 hours per reek l'or
the three reeks dur ing which the machine
ras  ava i lab le .  f . ln  a t  leas !  tuo  occas ions
he d id  no t  go  to  bed a t  a l l .

As  a  resu l t  o f  h is  zea l  *e  a re  a [ . le  to
p r e s e n t  t o  y o u  a  s e r i e s  o f  r e s u l t s  w h i c h
would have taken 6% years work with paPer,

POSSIBLE CYCLES IN INDUSTRIAL STOCK PRICES,

t 871 - 1950
p e n c i l ,  a n d  a n  o r d i n e r y  c a l c u l a t i n g  n a -
chine such es t Friden, Monrcror Farchant.

lty rey of background in conneccion rith
' tnechanical  breins '  you t lsy t ish to read
correspondencd r i th t l r .  R. f  .  Abbay, Jr .
of lfemphis r.cprinted in this report in the
Lr l t r r r  cec t ion  on  pagc  188.  You rnay  a lso
r ish to refer to thc rai l road gtocl t  pr ice
ar t i c le  rc fc r red  to  rLove and to  an  ar t i -
cle on page 5^ of the Spring lo52 issue
o f  t h e  l c r r l r l  o l  C y r l r  R l r r r r c b  c a l l e d ,

"A Ner Form of Periodogtm."

l l r  0 r t r

For our induscrial stock pricc study re
used thc Stendard & Poor's Carporation sc-
r ies  o f  fndus t r ia l  Common Stock  Pr ices
(365 etocks) as carr ied beclorard to l '871
b y  A l f r e d  C o r l c s  I I I  a n d  A s s o c i a t e s  i n
the i r  book ,  Conuro l  S tor l  l l i l r r r ,  and e  s
adjusted for trend.

We chartcd the actual index for you on
p a g e  8 ?  o f  o u r  M a r c h  l 9 5 l  r e P o r t .  f V e

charted the deviations fronr trend for you
on pages 148 and 149 of the April 1951 re-
port. lte pBve you the nunerical values in
togr of tbese deviationg on peges 146 and

t 9  t 8  r7
XAri lot r c i i i f t iv i i i : : t  :

i ' r ' c . '  r . ' F i i ' i ooodeen  o r  l i lDUs?RIAL  co { {ox
? i t  c r s .  r f l T t  l €  sE r l  Es  (  |  s r  ^ou rn t : I - - 137 -
qu i i re i  lgso l  .  Futoercr t rAL. .  32o ouerre  n 'v

r . , . r r . r t r l ,  . " . - l  . . . 1 . -  |  l J
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147 of that s8r€ issue. On page F6 of lhe
[ a r c h  l 9 5 l  i s s u e  r e  p r i n t e d .  a  e h a r t  t o
ghou |ou the dates rhen the stoclts of the
van ious  indus  t r i es  rc re  edded  to  the
index.

Scopr  o f  rh  A l r l y r l r

tn naking the rnrl t iple hannonic analy-
r ir  of industr ial cqrnon stock prices, t€
analyzed the entire series of 80 years or
96ff nsrths dcrn to its 2lsi hernronic. That
ie ,  ! c  reenned  the  se r ies  fo r  cyc les  o f
a . l l  l eng ths  f rom Ro years  long  dwn to
!t of P0 yelrs, ot 45r nronths long.

fTe then d iv ided the ser ies in to ihree
separate parts, each part 320 nronths long.
te analyzed these thrce par ts  separate ly
d o r n  t o  t h e i r  3 l s t  h a r m o n i c .  T h i s  r o r k

F a v e  u s  a  r e c o n n a i s s a n c e  o f  a l l  c y c l e s
that night be present in each third of the
s e r i e s  d o s n  t o  r a v e  l e n g t h s  I i  o f  ? 2 0
months, ot l0r months.

F i n e l l y  r e  d i v i d e d  t h e  s e r i e s  i n t o
s ix ths,  each s ix th heing 160 months long.
tfe intended to analyze each one of the six
segrEn ts  dorn  to  i t s  3 l s t  ha rmon ic  ( rave

lengths of * of 150 nronths, oF 5' nronths).
Unfortunatcly time did not permil us to run
th rough  the  mach ine  eny  excep t  the  las t
tro sections, nar: l  y, the sth sixth, f  rom
tlay lq24 through August t93?, and the 6th
eirth, frcnr Septeobcr 193? through Decernber
1 9 5 0 .

As you can see frm thc foregoing de-
scr ip t ion,  re rnde t ix  d i f ferent  nul t ip le
enalyses of  industr ia t  cqnnon stock pr i -
ccs-onc analysis of the series as t rhole,
three of thc series hy thirds, end tto of
the tasc tro parts of the series by tixths.
T h i s  i s  t h e  m o s t  i n t e n s i v e  a n a l y s i s  o f
these prices evcr rnder ES far es f kncn'.

8 l r  P r r lndo ; r ru  0Dte l l rd

From these  ana lyses  ue  re re  ab le  to
construct six periodogrerB rhich are ghoyn
hcreri th as FiFs. I  to 6 inclusive.

.A periodogram bears the sanre relat ion-
ship to a forecast that a recipe bears to
a piece of cake. A periodogram is a highly
des i rab le  p re requ is i te  to  cyc le  ana lys is ,
but ic r i l l  not provide you r i th facts you
can use d i rect lv .  I f  a l l  you want  is  f ina l

I orr re l l
ETTGTH ln rorTxs
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to rtve length E yeers end thcn Fca dt;n
egain to rlvc length Sf ycars. Thia rrreens
t h a t  t h e r e  n  a  y  b e  e  c y c l e  e t  t t v e
length I yeare (read frcnr the botton scele)
rith e strength of rborrt ll (read fron thc
ride acale). As ?e go tt i l l  further to the
r igh t  the  cu r te  gocs  uP eF in  to  lbou t
tr ic lcngth gV and then dcn agoin to l0'
Thie indicetcs that thcre na.y tc t  cycle
ri th t  r tvc length of about 9f( years r i th
str"ngth or ampli tude of ebour 22, -tr iee

r! t trorg es the cycle r i th I  t tvc length
of  I  yet rs .

Sce l r r  Ur rd

Thc  ve r t i ca l  sca le  i s  eesy  to  under -
a tand .  l l o rever ,  i f  you  no t i ce  ce rc fu l l y
you r i l l  see that the rave lengths on 3hc
horirontal scele get clcer end closer to-

tcther rs you to taard thc right. For ex'
amgle, in Fit ,  l ,  r lye lengths oF 20 y€erg
e n d  4 0  y e a r s  a r e  s e p e r a t e d  b y  n o  n o r c
horizontal spacc than are rtve lengths of
I y?irlr and l0 years. Thie is go because I
hare used a h t  r  m o n i  c  hor i ronta l
seele. A harnonic horizontel scale ehould
a I r a y s bc rrsed for periodograns.

In  e  harnon ic  sce le  equa l  ho r i zon ta l

d i s tanceg  represen t  cqua l  ha rmon ies  o r
unit fract ions of the total length of the
ger iea bc ing anelyzed.  Thug in  F ig.  l ,  8s
the aerics bcing tmlyted ig 80 ycers long
( l8?1-1950) , th harmonict trG -
let hernranic AA
( ftrndanentrl ), 

xu Yetra

znd hcrmcric, 40 years (X of R0 years)
3rd harmaric, 26.6 yerrt (f of R0 years)
f rh harrncric, 20 ycers (Y of. F0 years)
Sth harruric, 16 years $ of 80 years)

And co on.
It is these harrnonics or unit fraction

lengths that lne reptl l tented by th€ heavy
v c r t i c e l  l i n e s ,  s t a r t i n g  r i t h  t h e  f i r s t
harnonic . t  the r ight and running to t ,he
3ls t  herrnonic  et  the le f t .  The harrnonic
scale is ehcrn, ntnning frm right to left,
et the t o p of the Periodogran.

At this poinc I rould lihe to introduce
thc idea of fraccional harnonics. fn Fig.
t ,  i f  t he  3 rd  harmon ic  rcp resen ts  I  o f
80 yeers and thc 4th harnonic repnesents
Y  o f  8 0  y e a r s  t h e  l o c a t i o n  f t  o f  t h e
rey fron ihe 3rd harnonic to the at\har-

non ic  rou ld  log ica l l y  rep re ren t  3 : l  o f .
8 o  y e a r s  o r  2 5 . S  y e a r s .  I f  y o u  l o o - k  a L
F ig .  I  you  r i l l  f i nd  e  h in t  o f  s  cyc le  a t

3 l
llenot r c
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l i t t le mone of f  the ser ies and do i t  again,
t i a e  q f t e r  t i n e ,  u n t i l  y o u  g e t  a l l  t h e
pints you rant.

In the periodogram of the mul t iple har-
nr ic anr lysis of  ra i l road r tock pr ices I
ehoed yor  e l l  these vc lues  by  rneans  o f
vcrtical horizontal l irrcs. In the pcriodo-
grtns pr inted herer i th,  chert ing the re-
sr l te of  the mrl t ip le harnronic enalysis of
idustr ia l  stock pr ices,  f  am shor ing you
che resul ts by points,  connecced to each
o t h e  r .

The po in ts  a rc  no t ,  a l l  connected .  l le
conected only the points represent,ing the
t l r  harmon ic .  Thus ,  in  ana lyz ing  the  en-
t i re  sc r ies  (F ig .  I  )  rhen ?c  cann to  the
l'th harnronic re .found tlrc strengt'h of the
t y c r r g e  c y c l e  T ?  o f  t h e  e n t i r e  s c r i e s
l - g  i f $  o r  6 . r  y e a r s )  t o  l , e  3 . 2 5 .  T h i s
vr luc ml plot ted as a point  r i th a c i rc le
r round i t .  Then ;e  cu t  a l 'ou t  a  year  o f f
tbe end of  thc ser ies and found the l2th
hr rnon ic  o f  the  . : l i gh t l y  shor te r  ser ies ;
rd so on sir t ims to get six more points.
I t  i s  these scven po in ts  rh ich  are  con-
ncc  tcd  .

Ity thc tinn re had cut six sections off
t b e  o r i g i n a l  c u r v e  t e  h a d  r e d u c e d  i t s
l c n g t h  

" b o u t  
s i x  y e a r s  s o  t h a t  *  o f

t le -abated length ras jusc about as long
rs It of the original l ingth.

Therefore on the l ine representing the
l 3 t h  h a r n r o n i c  o f  t h e  o r i 6 i n a l  s e r i e s

({* or 6.2 years long) you had tro points:
o h i  * i t h  a n  e m p l i t u d e  o r  E t r e n g t h  o f  8 . ?
represent ing  the  12  harmon ic  o f  80  years  '
t h e  o t h e r  a t  a m p l i t u d e  ? . 1  r e p r e s e n t i n g
the  s t rcngth  o f  the  l3 th  harmon ic  o f  ?1 .8
y e a r 3 .

R r t r o l r  l c r  D l r c o l t l n l l t Y

A s  t h c  l 2 t h  h a r m o n i c  o f  ? 3 . 8  i s  6 . 2
yelrs long end t ,he l3th harmonic of  F0 is
6 ,2  yeers  long they  ho th  represent  laves
of  iden t ica l  leng th .  Why,  then,  do  we no t .
get thc ear€ strength or amplitude?

I d e a l l y  r e  s h o u l d ,  b u t  t h e r e  a r e  t r o
tources of error thet have crePt int,o the
rork  ih ieh  you shou ld  know about ,  and be
f o r e r a r n e d  a g a i n s t .  F i r s t ,  i n  t h e  t r o
analyses re are not deal ing rr i th the same
data. Six more years of data in the longer
c u r y e  c l n  n a t e r i a l l y  a l t e r  t h e  p i c t u r e .
S e c o n d ,  a  h a r m o n i c  a n a l y s i s  s h o u l d  d e a l
r i t h  d a t a  t h a t  h a s  b e e n  f u l l y  c o r r e c t e d
for  t rend.  That  i s ,  the  curve  shou ld  end
at  the  sam va lue  as  t ,he  va lue  a t ,  rh ich  ic
s ta r ts .  Tn  nu l t ip le  harmon ic  ana lys is  th is
is not al rays feasible.  An error is intro-
duced for th is relsqr also.

S o u r c r r  o f  E r r o r

On the other hand, these enors are not
usua l ly  too  impor tan t ,  because there  ere
tro other crrors inherent in harmonic an-
a l y s i s  r h i c h  a r e  u l t u e l l y  e v e n  r o r s e .

t 9
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Buch es 6f i  years or 90 years).  I f  you took
s o m e  o t h e r  l e n g t h  o f  d a t a ,  s u e h  a s  l j
yeers or ,15 years you rould get your peaks
moved a l,rit one lay or the other-and per-
h a p s  q u i t e  a  b i t .  ( I n  t h i s  c o n n e c r i o n ,
refer to ' t imi tat ions 

of  the Fer iodogram, "
en art ic le pr inted in our report  for  June
lqSl.  )  In v iew of  th is facr,  ard rhe urrer
impossi t i l i ty  of  using enough dara to give
you the  synod ic  per iod  o f  a l l  rhe  d i f fe r -
e _ n t  c y c l e s ,  y o u  a r e  g o i n g  t o  g e t  e r r o r s
fronr this source too. That is rhy the tro
o t h e r  e r r o r s  I  s p o k e  o f  a t  f i r s !  d o  n o t
loom too important ly.

F ina l l y ,  there  are  er ro rs  o f  in te rpre-
tat ion of  the per iodogram rhich ar ises in
a c t u a l  p r a c t i c e  L e c a u s e  y o u  d o  n o b  h a v e
enor rgh  po in ts  Le tueen harmon ics .  For  ex-
ample ,  in  t r ig .  I  we have p laced an  ar row
a t  t h e  5 . 1  h a r m o n i c  ( f b  o f  a  h a r m o n i c
in te rva l  to  the  I  c  f  t  o f  the  numera l
s i x  a t  t h e  t o p  o f  t , h e  e h a r t ) .  T h i s  m e a n s
that we guessed that the curve might go up
between the  ( th  harmon ic  and the  5 .2  har -
m o n i c ,  c r e s t i n g  p e r h a p s  a t  6 . 1 .  I t .  i s  a
F u e s s  t h a t  s e e m s  r e a s o n a l , l e  a n d  c a n  b e
r a L h e r  e a s i l V  j u s t i f i e d .  U ) ,  o u n  p r i v a t e
un jus t i f iab le  hunch,  ho lever ,  i s  tha t  the
peak rea l l y  l ies  be tween 6 .2  and 6 .5 ,  Lhat
i t  i s  o n  i t s  w a y  d  o  w  n  a t  6 . 2 ,  a n d  i s
coming u  p  apa in  a t  6 .0  to rard  a  second
Jeak a t  5.9 f  a I  I  nunera ls refe rr ing to the
harmonic scale at  the L o p of  the page),
and that 6.1 probal ' ly  represents a I  o w
spot instead of  a peak.

P t r l o r l o i r r u t  S l y r  l r h r r l y  X l l t r

F o r  a l l  t h e s e  r e a s o n s  y o u  m u s t  c o n -
sider the Sreaks of the periodograms merely
o s  h i n t s  o f  c y c l e s  w h i c h  m a y  p o s s i b l y  b e
present, in the series. Yotr must go on frcn
t h e r e .' lwo 

other points need to l ,e discussed:
First ,  why are there gaps with no coverage
8t the right of the periodogrars and oy€r-
laps v i th dorble coyerage in the lef t  sec-
t ion? Second, *hen re l , reah the curve. into
sect ions,  as the lst ,  2nd, and 3rd th i rds,
rhy are the various sectiqrs not ccrsistent
r i t h  e a c h  o t h e r ?  W h y ,  f o r  e x a m p l e ,  d o  w e .
f ind  8  cyc lc  about  t3  months  in  the  sec-
tion from lq50 luck to 1924 and frqn laP-4
back  ro  lRg?,  Lu t  no t  in  the  sec t ion  l8q?
beck  ro  l8? lz

C  Y C  T  E  S  -  R e p o r r  f o r  M a y  l g 5 z

l x o e x  o r
.1{P L I TUOE

t _ _

l f ty  Arr  Thrrr  SrDr
la  th r  P t r lodogrn  Cur r r?

T o  a n s u e r  t h e  f i r s r  q u e s t i o n  f i r s t ,
there  l re  Faps  and over laps  because the
mechine ccrnputes valrrcs for f ive harmonies
at a clip. The particular mchirrc re rorked
rich corrputed five even harnronics or f ive
odd harmon ics .  That  i s ,  i t  rou ld  run  the
l s t ,  l r d ,  S t h ,  ? t h ,  a n d  9 g h  h a r m o n i c s  a t
one. t i f l€,  the 2nd, ' f  th,  6th,  Rth,  and lOCh
h a r r n o n i e s ,  t h e  n e x t  t i m e ,  t h e n  t h e  l l t h ,
I 3 t h ,  l S c h ,  l ? t h ,  a n d  I q t h  h a r m o n i c s ,  a n d
s o  o n .

Nor suppce that,  as in Fig.  l ,  you de-
c i d e  t h a c  y o u  w i l l  m a k e  a  t o t s l  o f  s e v e n
r u n a  f o r  e a c h  h a r m o n i c  a s  f e  d i s c u s s e d
above, chopping of f  sect ions of  the curve
so bhat the lath harnonic of  the shorLest
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sec t ion  r i l l  j us t  exac ' t l y  esur l  the  2Otb
h a r m o n i c  o f  t h e  e n t i r e  s e r i e s .  T h a t  i s
ecsy to cdnpute.  The^t0th harmonie of  80
y e l r s  i s  I  y e a r s  ( * $  .  T h e  l q t h  h a r -
n o n i c  o f  7 6  y e s r s  i s  I  y e a r s .  T h e  t r o
points r i l l  coincide. T]rc l?th harnonic of
n0  year r  i r  * *  o r  6 .6 ,  and  th€  l l t h  ha r -
n o n i c  o f  7 6 ' y i a r s  i s  o n l y  6 . 9  

" e t r s .  
W e

ri l l ,  therefore, hare no coverage betreen
6.6 yearg and 6.9 years.

I f  r e  c h o p  n o r e  o f f  t h e  o r i g i n a l  8 0
yetr  ser ieg re cen gct  the l l th  harnonic
t o  e < x r c  o u t  r i g h t ,  e n d  e q u a l  t h e  1 2 t h
harmonic of  80 yerrs ,  but  then th€ l9 th
haruronic of the shorter length r i l l  over-
l e p  n o t  o n l y  t h e  9 0 t h  h e r n o n i c  b u t  e l l
v a l u e g  a l m o s t  t o  t h e  2 l s t  h a r m o n i c  a g
r e l l .

T h i s  b e i n g  t h e  n s t u r e  o f  h a r m o n i c s
there is  noth ing you can do about  i t  ex-
cept  to  choose some middle ground.  This
rorks out pretty rel l  except for the f irst
fer horrrurics, say frcn the lst Go the 6th;
In srrch cases, re scanted the shorter hai-
rnonics because thc longer eycles involved
have no chance to repeat  thenselves many
tinres an),usy, atxd therefore, although they
n n y  b e  p e r f e c t l y  r e a l ,  o n e  c a n  h a v e  n o
tod internal evidence of thac fact.

l {b f  Do fhr  l l l l t r r rn t  Src i lonr
t l  t b r .  P t r todogr rn  Shor  0 l l t r r r t t  f , t ru l  t r?

Th is  l r r i ngs  u l r  to  the  f i na l  po in t  o f
this art icle. f fhy do you not f ind the sam
c y c l e s  i n  e s c h  o f  t h e  d i f f e r e n t  s h o r t e r
cec t ions  es  in  the  en t i re  se r iesz  l fhy  do
you not find the aerE cycles in one short
section es in another?

There ere nnny reasons rhy it corrld be
so.  Perhaps in  scnrc instances ic  is  one
rcason, perhaps in another instance i t  is
e n o t h e r .

lhre are s<rrE of the pq]sible explana-
t  i o n s  :

l .  The peak in  thc per iodogram could
reveal  mrely  scrr re grouping of  large rc-
eidental distort ions.

2.  The cyc le might  actual ly  be present
as l  rhythnric cycle in part of thc curve,
but raight be present ts a result of randcrn
forces just happening totcme at rhythmic
interva ls  (see a r t ic  le  ea I  led 'Cyc les in
handsn Numbers,o in  our  . lenuary lq52 re-
p o r t ) .

,  19501  .
l r o e x  o  r
A { ? L  I  N ' D E

3 .  T h e  e y c l e  n a y  h a v e  c h a n g e d  i t s
length over the period of tire.

4. The periodogram indications may be
t r o n t .

.5 .  We nay be deal ing r i th  a compound
eycle, bhe t lo parts of rhich largely off-
get each other in the section of thc eurve
rhcre it did not rppear.

6. The cycle may be a cheraeterist ic of
s o m e  p a r t i c u l a r  p a r t  o f  t h e  c o m p o s i L e
rh ich ras not  present  throughout  th€ se-
r ics.  For  exanple,  i f  the Z3-rnonth cyc le
spoken of above res present frqn l8q? oB,
bur  not  f rmr l87 l  ro  lRq?,  i t  might  mean
t h a t  t h i s  c y c l e  i s  n o t  p r e s e n t  i n  s h i p -
bui lding, nining, iron and steel and other
s o r t s  o f  s t o c k s  i n  t h e  i n d e x  p r i o r  t o
18q7,  but  is  oresent  in  text i le ,  fer t i l iz -
c r ,  t o b e c c o ,  o r  o t h e r  s o r D s  o f  s t o c k s
rhich rere added to thc index at the turn
of  the century.

g g - J , - l A - . . . .  -  1 . , . . 1 . .  r  l .  ' .  - 1 . .  . t . . .  r r , . . . 4 . 1 |
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l rb l r  t  S t r r r  Yr r r  L r lg t l t

T h i s  b r i n g s  u s  n o r  t o  T a b l e  I  r h i c h
chas the rave lengths in industr ia l  ccn-
E o n  ! B o c k  p r i c c s  c u g g e s t c d  b y  t h e  g i x
pet iodogr rns  rnd ,  f  o r  c  mp l r iaon,  the
;.yc lengtha suBgested by the periodogrem
o f  r e i l r o a d  e t o c k  p r i c e e ,  l 8 3 l - 1 9 5 0 ,  ! e
reported upon in our April report.

Trble I docs not shor the gtrength or
r rp l i tudc  o f  the  re r ious  cyc les .  I f  you
rish this infonrntion you cen read it fron
thc pcriodogran concerned. In cannectign
r i th  th is  u r t te r  o r  s t rength ,  reoenber
thrt if tro cyclcs fall r ithin e herrncric
in tc rya l  o f  each o ther  they  supp ler rnn t '
eech othcr's rnrplitude. Thus, if you heve

t r o  c y c l c s  r i t h  a m p l i t u d e  o f  f o u r  r i t h
lengths hal f  of  a harmonic intervel  apart
ttrcy do not both heve an ernplitude .of four.
In frct, neither onc of then has an anpli-
tude of  four.  Thc real  rnpl i tude of  one
adds to pert of the real rnplitude of the
other to give en r p p r r e n t ampli-
tude of four.

f  enr sorry th ic ert ie le heg had to be
so long and so technical. Unless you rre r
c e r i o u s  r t u d e n t , ,  h o p c  y o u  r k i p p e d  i t !
l l hen ,  in  fu tu re  repor ts r  rG to  on  f ron
herc  to  d iscugs  the  var ious  cyc les  ru t -
gested erd to project then into thc future,

h o u g t r  t  A L  S  r o c r  P e  r  c t  g

i t  r i l  I be lnre interesting.
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lnssoll xYIr

lroYllloP}:RcilnAo.:s.ttovllron^Tlos'AlDtlovl}loDIErEnE[cIs

U'hcar tho railouc lothoah of 6etttq hlnts of crclca an crplalaeil tn Lcrron TI

lro"" ,iil"Jitne, or vhol ;tou 
"aai 

to e-parat e cyclce ao that cadt crn be Ee€lr aorc

ii.*rv. t'nlllstorteil by tbc othor, you Eust rcBort to lUlAfrg'

. Oac of iha blat nethoils of ftlterlng l! thc Ddhoa of novbg Pcrcanta{oo (anil

lt! rarlant !. totrne r.tlia attal lrovint dlffcrcn""r) '

tlov1l6'pc'ceata€c! ar. the li4)lcst-things ln thc vorlil' Drcry ilay yor rcail

u,roes-ii;:.-'D";i;;;. r*i iiitr'-iii rof atoi" thc aaae noath a veal ago'i I uonth

i"i"" y* *ri1t ,eaa a chiiar conrparl ton. I aerles of ruch p€rcoDta3sB co!3tltuto.
vbat lc loovl a! r D!trlla D!rc!Bfl3!.

' Ihc lutGtta1 of ttns ilo.r not bave to bc a yoat' It can be alythlag' tut for

aly gltcn novhg perccata€c lt rcaalas comtant '

rhe tern Sllflg DntglBtag!. Ilkc thc tcrra 49g;[g arn!aa!'. tr ilratrr.{ua-llfieil

ty e tllle latcrval. ihuc tre apesk of a l2-oonth novi!8 porc?Dtage' ell Io-!oDE!

Do"tnt PGlccnta€.. stc.

The coqnrtatton o! e norlng pcrccntagc-le qulte tlalttl' ' Coaalilcr- thc tablc

at tbo top ot thc follo'ing-l".qZ in Cofuni f of-uhicb t bave coqtit cd l2-nonth

novlna pcrccnta4es of 
"*iiti 

itore ealee, tD ltllllors of ilolla'rs ' by nonths a

yca.r arit a balf.

lher" arc no l2-nontb novlag percentagca recorilcil for 1953 becanee' ln the

tatl€. therr are !o alata 12 nonthr- prevlou! t'tth uhlch go copar' thco'

The flrst of the l2-nonth Dovln€ p.rccnta€gs r the onc for nonth {9',.61' 
fi

ab.6t-;;;;"-til i"i"l-ili";L;;;;h-;;; j[ig or thc reruc ror nonth xo' 625'
12 rotlths earll'er.

Ia coluur C I hnvc corrttut eil l3-aonth lovlDg perc@tagee ln the sole vay'

To coqnrt e lrovinB rntlos you ncfGty uove thc ilcclnal Poilt tto poritlono to thc

lcf t .

To co'ntt e nrovlng illffercncoB ymr heroly sultrect hst oail of illrltlc'

Iu ilealtnq r,lth loqc you ner.Ly ruDtract (to eccorollch iltvtglot) ald aiit 2 to

tour ar$tcr .o er to avoltl'aegstivc loae aail-ao es to keop yonr alre€r t! logr of

icrcentar.,er lnstead. of rrtloe. Scc Colunns D 8' l'

If you vtll take the trouble to look ulr the aitl-Io€p of Goluno E y-ou wlll rec

that th€V are th€ p""*i""1" recortleil fn Co1u.n B, sxcept for €rroro of rorniliag.

I canrt thlt& of gt|ytbllg norc to tell you alort the !!f'!rDfcr of novlng
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a trencl vhleh inereases at the coDgtant rate of 4 a lrear'
anil lo-year novlng percentages. .f,lgo coqnrte 3-year arnl
dlfferenceE. space la allowed for the result.
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problen (.. There are tno firnclanental rrrles abort the effect of noviD$ p€r-

centageg upon eyclas vhlch Problen 5 a,nd Problen 6 ahould reveal to yotr.

Corpqte 2g-nonth noving percentages (or ttifferences) of the folloulng cycles.

2O-lionth
J-lionth Hovtng
Cvc le  . . *
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20-ltonth

llonth

l , O -

t-,L

l ro  -
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Problen 6 continued.
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Srryplenent 1

I{OVINC DITFEBENCES

I an rqprlntlng for you a tbree pa€o artlcle vhlch alpearedl

ln the Septober L95Z tgeue of gvcl.ea (pages 23345) called rThe .

three-Tear Cyel.e ln Iaduetrlal Connor Stock Prleeg.n I a,a rsprint-

lag thls art tcle becauge lt illugtrateg the uee of novlng d'lffolcDc68o

A Z/-quarter (8l-nonth) noving d,ifferenco was ueed, bcause a

novlng differeace of this length vould, for all practical pu{po8est

elirninat e 39- to l+2-nonth cyeles antl 25- to 2p-nontb cycles, aad

would leave l6-roonth cyeles reletlvely qnaffected.

Ploblen I. Set up a regul.ar epunetricat l2-guarter (36-nontb) cyele.

repeated sererel tines. Contrnrte the Z7-quarter noving cllfference.

Plot the regular cycLe, Under lt plot the noving t[fference.

PJoblen 2. Prepare ap anrplitude clrart to shovr for cycles of varioug

lengtha the percenta€e of the orlginal anplltutto rene:'Ding vben the

cycles are nrbJected to a ?-quarter novlng clXfferenceo '

In naklng yor5 anplttuite cbart rErresent the various cycle

Lengths (fron zero up) fron }eft to rlght along the X ax,ls, Relneeeut

the anplituttes remalning (rvhich v111 range from sero to 2}0fi}. atong

the I axie.
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(Iv) fnd finsUy, ln ilealk€ tlth logF you l8lgt u;e novlng illffereoces of the

togs if yor ulsh novtug p"rc"rrtagla of yorlr orfgflsl valueg ' lf you uso tlovhg

p € r c c D t a g e s o t t h e l o € r y g u t ' l l } g a t a n o v l n g r o o t o f t h e o r t g i n a l v d u e . r o u u i l l
Dot oralharllY vant thlt.

!!g lffect g! tlovlne Percentaeeg gg! lloriap lliffarcnees

(a) &e Eg&E ttDon T!6oal.

ld@|'Dgp€rcontatesa|t . lnonr iagi l l f fcrencaanlalni :eorel ln l lat€tran.I .L€t
tlc lllustrete:

llr€lals t hich lncreerc !,! gllClggn lgleg

Lot us flrgt coDsiil€r a trenil uhlcb lncrceg€s at a conttstlt t9!g,; Scc 3ig' I'

ia vbicL:Druvc t fncreasJs it- Zi, p", lDtorval, gurve B lnc1.eases 8t 5t P€r hter"al'

Th€ tloving Dercentaeo trlIl te e horizoatal llae above the lo$ 1i!€' SEe 31g'

1, iCurves C, D, tr, a$d f.

lhe loager th€ lrterval of the novlng.P9l94&, !h: h19lto:.aDTe^the 10oF

llac v111 be ths ncrrng pere enta€e llne. C-o,rparffi. IJ ntth I'1g. 14; 819. IJ

vith rlg. I-D.

The novlng Atffersnca rtll te n68r1y horizontal' lncr easir€ sllghtly' See

Dlg. 1, 'gurves G, It, I ' anil J.

nhe loDger ths lnterval of tho tnovlDg Sillg^gqgg, the blgber above-tbe l0o/

I1ro trltt bo th€ Dovi.ng iltfference llne. couparffi. 1-I vith ftg' l-oi t:le' l.J

vitb Flg. 1-8.

The greet er tho -!at 6 of grovth of the.trend (I'lg' I.8 ?eran!- Fl€' t-l) ' tbc

u*"i;til" irr" ioq rii" vrir be the notng o"t""nl llaer !!! the ooring !!!-
ferencc Ilaee. cotp-"-iie.-i, Oo''"" D' r'-a' elld i ulth thelr coulterpartt '

ffi;b, E, c, anl r-

fr@d6 rhicb lDcree86 Dv cotrrtalt eount l '

L,et uE tto, consliler a treo'l trhich iacreasor at a colstant aDoult' Sce Flg'

2 h t btch cufv€ a lncreares by 2 poiltr p"" roi"-J, 6rrve B tncrcasea !y 5

polnts Per luterval.

llbe novlng.Dqgg!*s t'ilI tlope itorm geatly toitard the rlght' See l1g' 2'

'Gurrcg C, D' I' aril l.

rhe rongcr the lrtt €rtar of the novirg -!4gq!ggg the htgbsr above thc lootr

ltne u1ll be the Dovllg p€lc€ntage xlD€. corrprrffi. 
-irtitn 

rfg' 2-C: tr19' 2-F

vlth trIg. 2-D.

frhe $ovrns arrrer@c€ v111 rc **:"".:-. t.".*tl. ,: *"t. 
I 

t'"
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!g! tuo htgh values, eacb lot, anil €ach htgh leparatcil fron tbe other by lougbly
fiicc the iDterval of Danipulation. But two logs enil tvo ldghe glvee you tbe
beglnning of a r\ytlnic cyc1e.

If; later ln tha serlei, you har€ thc eane tbtng beppealng a€Bi!, Dorc or less
ln rtep vlth the flrst tiEor you ttill have an e'YeD 8troD3€r tldication of a
r\itbrtc cyc16. Ihe cycLe ls there, only, ar the ranlp.lattoa ttrelf bas cloateil
tt, tt bas no slgnlflcalce,

Of couls€ lf yot orlglnal flSuree velc .looth€d tt a D@lDg stsagr' th.
orcosll"oly 1og rantloo 116 hat9o tmgtneil rorlit havc tccoac a 1ot lEgE anil tbc artl-
facts croaled a lltiIo Iet er noultl atrlpoar e! e hlgh arse. Ehe uaipulatlo! soulal
glta you sonetblag that voulil look wen loro llke ole coutrlet c agta.

In consequenco of thig fact tt ts better to a:Trly loYtlt ?arcdta€g8 a: l lovilg
illfferaaors to gqsnoot batt itete. tlho artifact! cur bc lilckeil out bcttor lf you ilo.

!!hcy can then be discarileal or lgnor eil.

A tlethoal to rullify thls€ artlfacts vlll be 6:ivra letcr.

(c) rle Effect Upon gJglgg

llovlDg Percetrtageg aail roviag illfferrcDcst co4tf etely reDort. rDlr :lrcl" d

cractly theti ogn lnt erval aae arJ eract barrnonic (unit fractloa) of that lnt€rvel

fh"r a 6O-"ottth uoving perc€nta€s or DoYitt illfference ulll c@pletoly gltrlnete

a"ay- 6lnoat U, 3.-nonti,- 20-nontf,,_ l5-oontb, 1,-uouthr ''-Dortb,,etc. cyc16s ilot l

io- Z-nontU cyctes (2 noat hg Is 1/3oth of 60 oonths) al.1 at on€ fell lroqt.

A uovrng percentage or a Ewllg illfferocc vtll gl49!g lerore al1 cychs

. vblch are g@!. ltc otin lelgth or gt4! uft frectiols of 1ts ou! Ioa€th'

lII thts 18 8o re€arales8 of th€ 3lutrt6 o! lyEletry of tbe cyolc, a5 1o!8 at

It ls truIy repetitlott.s.

|Ihgge factg Dak6 lt tr,o8glblo to uae nciag pdceltagrr or DdrllE .l1ff erglce8

to einpllfY a conpllceted 3or1o8'

A uoving percentago or e novisg difference- of a oyuetrlcal cycl e-( regarlllcss

of vbether lt ls zlgzag:oi- 
"i"i- "1"i") 

v111 iloubl e thc arrPlltuile of ary cycle

i" i""-i l"-r*&b ot-z5, 215. 219, etc' of lts lo€tb'

Ihrs a 60-nonth uovlng perceDts€e or novlnE iltffctr€oco u111 not only ilouble

thc enprttuile ot alrv sv;elricO reoioatl cvcrl nblch 
""v !; PI":?:t rrut v111

alorrlle tb€ an-dltuil€ ot*"iv-rroioii\ zr+*ooi\ 1? l/?aonth' 13 r/3"ooath'

lo 9/ll.aronth cYcle, etc.

If the cJrcle inrolveil 1s alooot s3rmetrlcal tho alplttu'tc ullI b' abolt

iloubl etl.

If the cycle lnvolveil 18 alEost of tbe iaillcet ett lcoglh its sElitude rtll be

elnogt iloutLeil,
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Lcrron XttI I I
Pagc I

tlg Strairbt Llac llrcnil

Yhca ilg b AS! - 89tr lC Couutc @9

h Lcgroa tlt rc toucbeil r4na tbc Datt rr of .ocular (Ioa3 tan) trorit.

I tolil you tbst for cyolr analtrlr lt 1! gonsrallt b.Et to uaa a Eari.lg lrvtra€€
trcall, vlth ibc novtg average about a! toDg as th€ cyclc lD rblch yar arc ilrtlro.tod.
!!blr ir truc. A lcing drelagr 1g gsreral\t the bclt trdlit to! ayel! analtsh. lut
aot alteyr. Sooctlaee a EatheDatlcal annc il bettsr. lbar. rt'a rcverel lethaatl-
ca1 trclilr you crn u!c. bf thcrc, th. rttaigbt llne 18 clqrlcat. I! thl! lo.loD I
uart to tcli vou (I) ItbcD !o ure a stratgDt tlne trsit ald (lI) hc|v to fit lt'

I. !h!g !c ll|! a st!+drt Llno !Iglil,.

urG a ltralght llne trail otly vh.n lrour ilate, or tbc log! of yont iLta, llc
prctty nrch aloag a rtralght llnc.

For caDrpLo. the
ctralgttt Ilne trcntl.

Thc curve in Cbart 154 on pa€a 3I+O of your t6xt 18 not nrltable for o etralght
ltnc trcndl.

curvc ln Cbart L5-2 oi page 326 of yoqr tcrt te sulteble for e
So are the lotg of your slock narket data (S. & P. C. A. 3r.

Eouwcr,
atralgbt llne
thc folloulng

1f vorrr data 11g 4ons a gtraleht l+gg
trcnd of the deta (or of tb€ir loge) ig
thec tnatancel:

(or l f  tbclr loga do), a
bettsr for cYclc iua\Yrlr ts

t. tf your rcrlec ie ehort ralatltc to thc ro€tb of tbc cyslca 1! tblch yotr

erc lltrt'cltra. Ilr thia lnltr,lco a ltreight llnr trGD4 la bcttrr tccanrc il.rlatloar
fron a rtraitFt llna troA contsuls al ailillt lonal vave'

tor .t !trtla. aq'Po'c torr ba"c a 
"rLel 

of fi€prcr 20 yrsr' lo[3' sutrttrotc

furtbcr.that tor vent to tiiicv lft" lir veef, cvcfe- ar f! ttY qP1r1 ro,t-bt:t fls!tr!'

tf you coqnrti a rlr or ..Y€a toar Do"lng av6:lrtc yorr tranil v111 bc 
"*U ]: t"S;t

loo€. Dcwletlo!. rrou trlJvirlu o"ri ttr ycarJ tolg' ta trctc Lo* 6lz

of yor ilata.

O,tr thc othcr banal a stralght llnc tra'l v111 be 20 ycarl ]oag' Dwtatloal fro

tt yiU tc 20 yaan foae.--ihli proccilure rnallc! tou to ulr dl yoc ilrta'

BrcD t! a r6.lrc ar loag a. yog rtock tlarkct ay.ragci (1S9F1953) ' olc hrdlrcil

tear., a zJ !e8 t-r"e 
"i;L"-viii 

cort vou thc.uec of a guartcr ol your ilata

iii-1" y.i"-" .r carh c"d'- tt ycarr). rJrtuqy th. 19-25 tc6r cyol. lD tb€lo

fl!ur.! a etralght llne troil ls bl6bly ilctuaDre'

3. .1, lccolal rceeoa for rrgirg a ltralgbt linc tlodr 1f 1t l! ruttatle (1'c'

It your figurrt rie arone;cii*EU rrn"l 
"lscs 

rh'r tout r'r1!€ e"oags 1! too

hra€urar. rbc lrrggura;rty of yorr !€rlng etca€6 DaJr- cone froo crcsgrlvc ra'niloor
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For example, eupnoei your data are annual
Thte te lt8 yerrrs of ilatn , 2l:' ln eneh half '

Lesson' iCVI I  I
Page 3

ancl run fron IgOZ to 1954 lncluslve'

&rplroge ths av erage of tle fir3t 24 cones to.36; thc averaqs of the seconil 2lr 
'

coro! to 8Ir. Tho rfee te-48-('6lr-36) fn 24 yeasa (fron the centei of th€ flrst half'

iJf-"iy betueeo I9l8 anrr. f9fg, t-o the cetrter of the ceconil half ' balfr'ray betv€en

l94t ;i iSAf).- i'"i"" of 48-potnte ln 24 vears le an lncrsnent of 2 polnts a vear'
![o qet the valua.for fSri-y* iroufa aaa t potnt or 1/2 lncrwaent- to^your averaee of

li ii-sli i. l"o, r,"r"'oi-o.* 
"oro"r 

to ihe rreht_iouldl so 'p by-the-full llcrenert

ot ?. Tbe values to tft" irft 
"orrfa-go 

dorm by 2; lhus the ys'ue for 1920 vorltl be

lillz l'il'.-li" J"rti.-r"i 1918 sould b.35 (t? 'd' lntl so on'

c. llc l!€!,!oit ol 1€881 ltusrri.

Ihls nethott glveg the lest fit anit lE the standsfil nethoil uo ett by ttatistlcia!8'

It 1a fuuy ilegcrlbetl ln you! text.

I l h t e n e t h o i l l s r e s l l y v e r y e a s y | t u t g o n e h o r a l l t h e t e * t s g e e n t o r a j t e i t 6 o u ! a
luta.  t l t  donrt . te lr  so €ooi l .  

r

llayte lf, I put lt ln aluple vorde you nl]I see hov easy lt reaUy is'

T h e r e a r c a w e n e a g y B t E ' g r e q u t r e . l t o g e t t h e v a l u e g o f a s t r a l q h t l l n e t t e n . l
fltteil bv leaot equares.

I'11 ehovr you there 8telts by vorklnq a sln-D16 6r9ltllle ' For our problen tre nlll

t"*" fmi"i"-of'Inaie rutter- ty years fron 1913 throueh 1921'

I. List your ilats ln a colurr hoailed A (ag ln Teb1e tr belotr) ' ldd them' Ia

tho exaltltl e the oun anounbs to 2W' CalI th18 8u! A'

2. In col'unu ! urlte dor'm a consecutive serl€g of lluntere ' €terting ltith

1. tour laat rrgtrt" tiii-<iil'-vou- ttre number.of terns lD your serl6r' In the ex-

anple slven tt 18 g. tdii-iir" 
-i""uer 

lI. ) Ada thig colum. ln the oranrlrl e this

iG-aniuntg to 45. Let us csll thle srl'n B'

3. lfultlply 6ach 1t6r of-your-tlata (Co}' A) by the cotrespoaillng nunber ln

cor, 6. Poat itrl proilucta in col' c'

ldit these proalucts (the valueg ln CoI' C)' In the exaryIe thia oun coreg to

lrt55. CaIt thte gun C.

4. Avcrage your ilata. Tirat is''livi't€ the sut! of vour alp' l- 
(*4) bv the

lurnbor of tBr$8 ln 
"o*'ll"t"rl"ni 

(i,-lr'" r"rt 
"il"y-i" 

col. 3). llhe aaever in the

iiJiil" ii"." t. n.tt. cau this averale D'

5, 
'Averaqe 

your consecutive nunbers' (Divide tta

of terns, lI i ; t: " i; *t*t"i rt 5' call thts averaqe E'
sutrl' 3 (tr:). bY the nrrsrber

Substitute the valuee obtained by the ahove Processes ln the folloving

c - ( e x f )
6 .

forsula:
u 3  - N

T2



tl

*,,o, ".roo 
'enrr oqr rr rr0r *, l33r*ffi r"*".iTi."Ht.'fiitffi HIl:

oqt F.r ol .T oD ol .rf,q ttol tlf .:66lj[€ql e3.I sT raTros rtrotr qT surel ,o r.qE t
q1 p plnilloo .q of .^3q lou .eo:'..il. uolsaead.n elqr ql u.^e lfill e fof,

r-cr'cuo araq trol tI '.eqtto

Jo elqrl r ur ttr ?.ttooT .q [ro 1I 'pc 1n4rco eq ol 1eeu los 8eo? C ltql olog

.rcg:erd notr tI ?oalrtrT lesn eq .(l|! g t C.roIoroqI '6 t Y = E rC lu{l elot{

.qqt1r o1 tJ.I EorJ srg realol.
?Eerl Jool .caTltteu st lseEerf,l JnoI C uBql rettlq st e t Y JI tiql clott

.eroqi rlt laeoord uoq& '.roJeq rretr .ql roJ Duerl oqt to enll^
cql +et ol lEer.rflI rr tTEq '|rtlrnrlqle ro tnTroTTot :"eI eql roJ pucrt eqf Jo .BTt^

eql lat 01 lueE rout [n JIq ftTDpo .dC lno 1J31r lsnE rro.t e.Bo ilq] uJ 'rrie.|
ftitdqEq alttl rlcp rnoJ Jo etrrea3 eql sur.l Jo roquns tnl, ua ercq nol uqg

(ppuror tTnr.r eqt ,g9T6.€ - ggt6.e - v.la) 6.6r tl6r
(?epsnor tln sr eqt ,99t6.6 - IT,ZZ) Z.eZ 9\61

tU Lr6r
g|oE tuTot r0

. otc

(puno.r rTnrer oql ,99TJ,e f 99r.6,e f t,tz, 6.t6 6r6t
(ppcno.r llnrer eql '9916'e 

I II'lz) 0.16 gT5I
(popqnor II./z) l.U Lt6l

| .sAorroJ se st p.rerl rno*q1,
I 'z116l ro 'r3.I qlt.ql ll pel€col r1 1u1o<l relq)o eql 'Iz6I 01 616I

lort .tnot is.ft 6.T reTr.i JnoJ .V .8r.1 rolueo eq1 o1 pclrod (tt'le 'uerp ctilcr
-D eql [T) C 'slBp Jrlo.C to etEJels eql ol trIoATl€Inm. lseD r{T InoI lclllqna ro
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trends ' bY leagt go^uetres t
cone out the sane ln the

IADI,E A

I4gorts of Indtla Rubber each year fron 1913
?he flnres are nonthly averi.ges ln nllllons

to
of

I92I.
pounda,

,Tnnr
1913
f9ltt
Igr5
1gI5
rgt?
19r8
rglg
1920
L92L

Total
Av erage

A

l[lulons
nf  Pnnndq

10
T 2
18
23
3t+
n
tr5
I+?
28

*il+ A
2? . IL  D

E

Nuslber
Of Yea-n

1
2
3
4
5
6
?
8

_2_N
4 5 8
5 E

c c

s.
10
24
,4
9?

u0
L62
3L5
)?6
29&.

L455 c

.  Ansi  gnrnent

Bwlsu: Spurr, KeIloBF, ard Snl t! ' paf,es 322 - 325i 371 - 33O'

Stucly: $p,,'". f,ello.g, arrd Snlth, pages 3i,5 - )2.1; 3)4 - 34A (up to Parabola)'

tlhs nethod glven ln S, K, f' S lE sughtly d.lfferent fron the netl'oit I have

stven !rou. i;;i1,;ia Lor tt too, rt nay te a little horder to follou than the

nethod r have glven xou, but on the oth"r irata lt nray be a llttle easler to under-

ctarrtt and a ltttle eaeier to flgure vhen you have a Lood Eany terns' Undergtslld

both nethod,e, Use either netl"od you prefer'

Ye1ues of for all values of lI fron 00 to 99 lnclueive{ 3 - x
L ?

0
0
I BZ.5
2 665
) 224?,5
4 fiio
5 10t112.5
6 L?995
? 2e577.5
I &2660
9 6v?'+25

. 5
110 L43
770 885.5

2ll80 2?28
5z4o 6LzQ.5

uo5o 1I?1,3
t8glo t9855,5
4B?o 31098
ldl28o 459t+0.5
6ng6 5b881

2 5
IB2 2?2.5

1012 r-150
?992 3n?.5
66zz 7095

L2402 L)117.5
20832 2181+0
32ttl2 )J?62.5
t+?&z 49 385
6zazz 692o7 .5

t0 L7 .5
28o 3'+o

r3oo Ltt62.5
35?o 3885
?590 810?.5

13860 14530
22|J80 n952,5
35L5o 3657 5
5LL?0 5n9?.55
714r+0 73720

Zg t+z 6o
tlq8 t1911,.5 570

t6)S r8.n 2o3o
t+ZtA b5@.5 ll9ll0

86t+8 g?Lz 98oo
L*28 ]-629{-.5 17110
25058 26L9? n3?a
raoia 3e53e -5 41099
lnaa 56282 58?lt0
?5ors8 ?*21t.5 80850
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TNSSOII XIX

f hi P:]RI0DIC fA3lX--COllCtUDnD

TIS-'| T}fI PERIODIC TI"BI,E TO FIJID PIDNW CYCI,ES

PI:RI0DIC nAnI.,T"l T0 SE.r,'AX,[T]'] 0IT: CYCI,ll FROli /J'OTI{'ln

Hou ,to. ggg &. Peri-odi.c Te,ble to Fin{ I-itlden Cvgleg

Tou may remenber that ln tesgon VII,  vrhere ve f irst d. iseuseed the period.ic
table, I  told you that i t  hotl  four nain u6es. I  l lsted these as fol lotrs:

I .  I f  you knov the length of the eycle, i t  vi I l  reveal to you the ttpical or
avera€e shape, strength, arrd timing of the cye1e, as nearly as the figures tril l Per-
n r t .

2. I t  ls one of the uays of revealing to you as exactly as
of '  any cycle that nray be present in the serles, That is, i t  t l i } I
length of the cycle in days, months, or years from crest to crest
t rougb.

possible the length
tell you the
or trough to

3. It r1l1 often enable you to separate one cycle fron another, rlhen tr'lo or
Dore cycles are present concurrently in the sa.rne series of f igures.

4. I t  vi l l  help you to f ind hld.den and unsuspected cycles.

Previous lassons have dlscussed the f irst two uses cornpletely. I t  rernains to
d.iscuss, in this lesson, use three. Ani[ to cornplete the cl iscussion of use four.

0f course the forrth use, fincling hid.den cycles, has already been pretty well
eovered, llhen you rnad.e sevcn periodlc tables of your stocl: market figures trith
lengths that rrere at harmonic lntervals frorn each other you rrere Bcanning your series
for hidden cycles. Tou vere doing it in a systenatic eomprehensive vay. Tou scan-
necl for all poesible lengths fron the ?th to the l3tfr harmonics inclusive (rnore

eccurately from the Gtfr-f,armonic to the l3hh harrnonie, inelusive). Ho cyele vith-
in thie ratrge could fail to be reflected. in one or nore of your tables for at least
one-half anrplitude (assuning zitza€ shape for the cycl").

Tor era.mple, lf you had a cycle ,rith a lengtn tlZ*h of the length of your
serles (92 years f ?t or L2.26 years), the period.ic table vith a lcngth 1/7tfr of

the length of your sertes (92 years * ? = 13.14 years) vould. ehow it uith one-half
anplltud.e; your perlodie table ryith a length l/Sth of the length of, your serles
(9e years i 8 o 11.50 years) uould also shov it rlith oD€-h&lf arrplitucle.

Qne-half of the asrplitud.e of the cycLe is the least that voultl be revealecl by
your period.ic tabLe: because they are harmonic lntervals apart,  Lf?th, f /Bth, etc'

of the length of your series. I f  the hidden cycles vere I/Bth of the length of the

eeries it vould be revealect fully by yo'ur f/Btfr table. If the length of the cycle
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fn pra,ctlce you tllL find. lt easler nereiy to g!!! the linos.'nd'-(lf you aro

uatne f o-gs ) to reioril in the first lnstance in black all vaLues I+.000 or no1'er in

rea all varues J.999 or less. For your seconal table'you vould. use 8.000 as yorr

i l i v l i l t n g l l n e . - F o r y o u r t h l r i l t a b l e y o u f , o u f d u s e 1 6 . 0 0 0 o r 2 l r . 0 0 0 a e t h e Y a l u e
to s ep:rrat e retts frorn black, alepenitlng upon rrhether you us eal tvo or three llnes.

If you ere using porconta6es you could also atlal, using 200, 400' or 800 or
l20o ae the value aborc vbich to use blacks, belov nblcb to uee retlg. altrays ilo
thlngs the eosiest vayl

1he 6 eco1at nqy to proceetl voulil !o to 1.rrg novlng avers€ea (or novilg totelg)
of varlo\rs lengtb ilorrn each of the al' cOIumnB of your sir-nonth perioclic tebler
pogtlng the novln€ average (or nov lng total) valueg lnto a Det, s1x-nonth perioilic

t abl e-antl being sut€'to preserve color. Start uith tbree-lteo noving averages.
If thes€ 6holt nothintr tly a five-lten novlng arerage ' then a Eore!-item Eovlng
avera€€ or e nite-lten ong.

TheB€ noring averoee8 rtay be plotted for better stutly.

Iou rnay ask, if you aro eventually going to nake llle-iton Dovin€ avera€es I
uby not st&rt vlth than?

?he aDsver ts that a long noving avora€e uonrt reveal cycles unlese they are

very close to the length of your periodic table. In tlre first instances you vant

your search to be as tide as possible. A five'lten noving evela€e mi'Bht Pick up

lycles fron 5.5 fo 6.5 nonths in longth,- vheroas a 9-iten nwing average voultl

harau.y plck u! anlrt hing outslile 5'7 to 6.3 nonths lon6'

In seri es trhero ranilosls nre v6ry bnd you mi ght l'ant to uae norlng netllans h-

gtead of uging novin€i means.

then you frnlgh the nert lesson you r'ril1 rea113e that, la rnaking novlng aver-

ages of thl columrs of e perlodic tabie, 'hat you have bean iloiag is constnrcting

a weight ed novlng average of your series. A tbree-llem rooving avcrage of a sir-

;";i-f;;i.-;iii-"ir;-fi" 
" 

nlieht"d nbvtns averase of the serles vith the uoishts

i/i, o16-, o, o, o. i/i, o, 0, o, o, o, 1/3t 3ut letrs not set lnto that nov-

juBt thtik of 1t ae you €o oYer tllo next leeson'

Th66e t r ' oadd i t l ona }sugges t i onsconc }u . tea l l l ca l t t h inko f to te ) . l youabor r t
uging porioilic tatleg to €et hitrts of cycles'

Eotr to Use gbg Pellodic Tabte to Seloraie One Cvcle fron Another

P l e a e e g o b e c l : t o p a g e 2 o f ' , e s s o n v I I l a r r d l l o o k a t l l a b l e s 2 9 a , l l i t 3 0 . Y o u t ' l } ] .
be renlntteal that vhsn you cast a cycle of sone partlcxltr length into a perloillc

iili" i.ti" irt"i r" roog;r ;" ghorier than the length of the cycle' ana avetag€

the table, the g4p]l!g!g of the cycle ilecr'easeq 
""1t 

u'pp"a"" ln the average of tla

table. In the exa$pte" 
-gio* 

the- truelElk and frough vatues of_l8 entl 0 (/+ alove

anil belon thE nean 
"f 

ati';;;;"tl^ii lia-S (i5-"toi" and 15 belos the nean valuo')

l | } E t l i l l d n o t g o o t l t o p o i n t o u t l n l . e s e o n v l l l i g t h a t t h e a n o u n t ! y u h i c h
the aoplituile rs 

"edo";"a"p"'J"- "p"" 
tho number of lines of the perioillc tabl€.

for era4tle, cont lnue TabLe 29 so that it has a total of 16 llnes' add' anit

e?€rage r as belov.
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Lesson XIX
Fage 5

TASTE 2

A 16-DAI CTCII: CJ\ST I: TO A 17-DAY ;:':RIoDIC TAII,B

5I1TDII 1?-DAr CYCL ;S; SIVIi'T,':Tr 1GDAT CYCL':S

Sase Daya after bage

g 10 11 L2 13 1l+ L5 L6 L?

o --g- 6 L2 18 24 f0 36 !?# y? 29 30 * 18 12 6 0
L? 6 Lz rB 24 lo le {+2 19$3e ip ?'+ rB Lz 6 o 6
,t+ tz rB zt+ 30 36 Lz uap 3s io 2y is iz 6 o T tz

5 t  r B  z t +  1 r a f i , , r W ) Z l p 2 4  r ' 8  l r  6 C T v  1 8
G B  z u 3 a l O t + z + a f i 3 d i o 2 4  r B t 2  6  g  6 L 2  1 8 2 4
85 30 t6 i,, tnp te io 2t+ 18 t2 6 4-6 \? rB z4 30

r0z 16 tr; 6 
-in 

;6 io 2o 18 Lz 5 g T tz 18 ?4 39 76
II9 t+z 3;Q 3Z ip itt 18 Lz 6 o T tz 18 ztt 30 36 4?
t)6 -g-8., t+i' 3E lo 2y is 7z 6 J-]- * 18 * 30 16 42 W
LSj 42 36 30 24 IB iz 

-6 
g,Tv LB z4 3a f i  t+2 4B t+?

r ?o  35  ro  *  rB  r z  6  g  s ' t i  i 8 ; i  t o . i e  f uEZ l
rB? )o z+ re i, 6 i.T tz 18 * 30 t6 !? lq,}-'. 42 16 30
zw zt+ 18 L, 

-e 
--g- T v tB z4 i9 ls 42 -{t+, 16 30 ?\

z?L rB ti 
-e 

o ,7 ti iA ,n jg ie f< g 29 30 ztr rB
zis Lz E o-T v IB * io. 36 y? -yl:tr1 36 )o 2t+ 18 tz
;ii 

- 
6 o 

-t 
rz i8 ztr lo lt 

't+z 
;gp 3e 30 2t+ 18 Lz 6

( sr::n) 3Br+ 3Bl+ 384 lsr$ SBrl 3grl 3g+ 394 )Ah 3e4 )e 3st+ 3e 381+ 3e 3eh 381+

A v .  2 t + 2 4 2 4 ? l - 2 t + 2 t + * 2 1 t 2 4 2 4 ? ' q _ 2 4 ? / { . * 2 4 2 4 *

As you can seer ln both instancee the l6-da3r cyele vanisbos. Tbie is so

becasse each colrrnn has an egual number of high and lov vaheEo

rf you rr€re to go on and add nore rineg to either table, the r6-c[ay cycre

,ourd reeppear (of eo'ree as a r5-day or r?-ctay cyele depend.rng upon uhich taDle

It vas east frr). It 'ouldlgcrease rn artplitude for 8 uore cycles go that in

i"tir" of 24 l.tnes rt vJa-Trav e tl6tn olthe orlginal earplttude in tbe avera€e

of the entire table (See fable 3 be]orr) '

because it has f/Z anplltud'e in one tbircl

other tvo thircle. One thirct tlnes oneThe teble shous f/5ttr arnPlitude
of tho table ancl no anplltude ln tbe

half le one sixth.



nof, ro; seuTql elecllduoc lou plp I lng 'orlJl 8T sTqJ, 't{sTlrt}a pTnoA alcAc .rno.d

de6€ T€LraluT oTuotrr€q € peqmal p€rt uertopollad aql Jo aarno aql aqTl aq? 4q lar{l
nof, p1o1 eror{ I .tuo1 sr{?p 9I fes-e1c,tc a13u1s e 1nq 3u1ur€?uoc €l€p Pellorluoo
Jo s1e.f,1ana aTuouJ€q a1d11pr elalciuoc e optsu no.f, asodclne 'a1drs€ra ro,f 's1s.61eut

cTuo6JEq a1d11pn rIITA uoTloauuoc uT lunoctra o?uT ue{81 aq ol spaou lc€J sTt{[

.(cle repnlyldrre 1eu1?1ro aqt Jo ttlOt/t e^€t{ Plnon 1T Eaurl gft l1)
.d1e11urJepuT uo os puy .e.uTX puocas € JoJ lno p?t{serl .61a1e1ciooc eq PTnor.r a1otrc

1eu151.ro aql Jo epnllldura aq1 1u1od sFIl lB I sau11 ZE putt aTq€1 cTpoTrad .rnof

TTIrR asea:c5p'pTnor.r a1c{c aql Jo opnl11dm aq1 'sou11 a.roul Ppc ppoqs noll 31

S'gz 5'lz o'Bz o'gz 9'Lz S'gz o'92 o'{z 9'Tz 9'oz o'oz o'oe 5'oz 9'lz o'€z

Z6+t

oe
rp
8I
ZT
9

T-
9
ZT
BT
ttz
06
9e
zrt

Tfr-
z+l
9€
a€
rF
8I
zl

2_0
9
zl

e

9e9 099 zL9 zlg oo9 g€g

z\ g{ 06 iz 8T zr -ffi- 
zi g€, oe +p gr

z+t 
-ffi- 

zt ge oe W
ge zi E- z.i 9e oc
06 ge, z+t T-tf 

'at 
9€,

W oe 9€, z+t TT- ztl
8r +tz 06 g€, z+t E-
ZT 8t ttz o€, 9e zt

2_ zr 8T tB 06 9q
T- Z zr BT ttz oC
9 0 _2_ ZT BT ',tF
zT g 0 _2.. zT 8T
8TzT909zT
ttzBTzI 909
06rp8rzrg0
g€, oe iz 8r zT g
zt 9€. o€ rfi 8T zT -fr- 

z+T 9e oe +p BI.
zi 

-ET- 
zrt g€, oC +p

gC zi 
-6fr- 

zi 9€, o€,
oC 9€, ztt 

-F- 
zi 9€

rp 06 g€, ztt 
-0f- 

z,tl
st +B oe 9e zi 

-6Ti-

zT BT +tz 06 9€, ztt

oog 259 9r9 z6n o8f,

gT-gztgI
zT I o 9. zT
8rzr9o9
tt?gTzT90
oC +tz Br zr 9
9€ o(. t& Br zr
z+t 9e oe +F BI -ffi- 

zt g€, oC ttz
zrt TT- zrt 9e o€,
9€, ?,tt f- zi 9e
oC 9€ zi ?- ztl
+tz oe 9e zt T[-
8T lz oe 9€. ztt
zT 8I +rz 06 9€
9 zI BI +tz 06

T- 9 zr 8r +tz
g T- 9_zr 8T
Trgo9zr
Erzr90.9_
tzgIZT90
oC trz Br zr 9
9€, o€, tft BT zT
z,tt g€, oe ffi BT -ffi- zt 9€ oC +p

0Bt

+tz
BI
zl

,9-
o
9
ZT
BI
w
06
9€
zrt

Td-
zrt
9e
06
w
8T
ZT
9-6-

9
zl
8t

915

9e
oe
w
8T
ZT

J-o
9
ZT
BI
+tz
o€,
9€
z/tl -ft-
zrl
9€
06
rp
8I
zl
9
0
9

'^Y

(rn S)

9rl€
0€,€,
9t€
006
9gz
olz
992
0trZ
Szz
OIz
56r
0gI
59r
05r
9€r
0eT
5or
06
SL
09
9n
0e
9t
0

7 rr. sr zr rrG 6 I T e 7 r

zs9

z+l
g€
0€
t&
8t
ZT
9-6-

9
ZT
8T
+tz
o€,
9€
?'r_ 8fr
ztt
9€
o€
+rz
8I
zl
9.
0

a- - -

ZT

etaq ralJo BIBgss€8

SgICm IvG{IUO0,I-I&u/l'tr : SUTCIC IYC-9I .fTV[ llr[0 Gr{\I 0r].til,-I&!SU.li[

gTWe CltlOruilli fvC-5f Y OiltII ,ISVC IITCIC IV(-9T V

9 a?e4
xJx uossaT

6 gtgr,r



lessorl ,',i.{
Page 7

at tba tirne b:r telli lg you that the curse of your periodograrn vorlcl rise agaln antl

rould ghotr a peal: one anct a belf (and tno and a half, tbreb and' e half, etc)

barnonlc lntenrale alray. 0f course eeeh of theee rrshadowgrrras they are sonetinas

ealled, bas }eas and lese a.uplltude.

I varted to nentlon tbls matter rrntll we got furtber furto ths natter of

perlotllc tables so that you see botr ancl wby tbis le 8o.

Ae I mentloned earlier ln tbls lesson, the perlod.ogran of a uultiple harrnoulc

analyeis is nerely a profile to ghov ths anplltutle of a great number of periotllc

tablee of cloself rellted trave length. If yor ruderstd0d hov and uft7 cycles uash

out of periodic tabree uhen tbe perto'ttie tabree have lengtls longer and s4orter

thrn the lengthe of the cycls-s1d nW they reappear at i10t1 etrength, 1/10th

iiiengttr, f/itrtu strengtb etc-you ri1l rmdergtand srrltiple barnonle analysie

b etter.

Gettlng back to the natter of uslng th9 periodic table to separate one cycle

frou another, you see fron Table 1 that a }Gd.ay cycle can be elinlnated fron

tablee of otft"r than l6-tlaye by cllvlctlng the tables into sectlons of approprlate

length, On the other trarrd---t"i.1ns llable I aE an example-lf ve bad h8d a 15-dal'

cycle, lt vould have been present in the.avera€9 of the f5-ilay table in full force

an<l effeet. Therefore, it fo}lone, lf ybu r'ai hail a serieg of figures in tvhlch

you had bottr a lJ-d.ay art{ a 16-itay cycle, and if you put thie serles of frgBree

into a IG' tabl" 
"rta-"aa"d 

this table by seetlons 1.6 ltnes long, the average of

the table gould have the 15-day cyele present uith full force and effect and the

16-itay cycle conrpletely ellninated.

Conversely, lf you had put the sarne flgures in a lGday table 15 cycles longt

the l5-day cy"le uould have been conpletely elinrnated. and. the 16-al4y eycle uoulcl

bave been present in fuII force and effect.

This fact has an important hearing on the vay you add -your periodic tabLee.

For exar:ple lf you have a serlee of figrrres a yes:r long (360 days - tventtr-four

I5-day cycles) 
"ftict 

eontalns both 15- and f6-dey cycles, and. you ulsh to ieolato

the 15-day eycle, you nmst ayerage your 15-Aay table by overlapptng-tvo tblrds of

f6 cvfuei- each in order to ellninate the dlstortlng effect of the 16-day cycle.

If ylu donrt d.o tlrls-lf, for exarnple, Xou-d.lvide your periodic table lnto llslessc

yorlwlll bave a certein realdual oi yolrr r6-day cycle ntxed ln vltb your 15-day

tyele wlth the reeult that yout l5-daf' eycle wiII be naite to look longer thqn it

real ly 1s, and btgger.

It follous frou thia tbat you neecl to knorr about your r6-tlay cycle before

you try to nake final lsolation of your l5-itay cycle.

It follows tbat yg1r need to know all your cyclea before you start to isolate

stty of theot

It follous that You neecl to finigh
ehape to start l t t  This lsntt as nuch
Bo darn tnre it isnf t funnYl

your cycle analyeie before you are -ln
oi * Irish bull 88 it sotrld'g. Ia fact lts

C.-vg.Ies do not alvravs wash .out complet9l{

In certaln instances, due to the lnterrelationshlps of the uave lengths ln..

volved, the cycles do not trash out conrpletely'
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llonths after baseBese

-

0
I

16

( sun)
Average
Error

7
3

-l-

13
4 :, l t

L13

3.

-1
-1
J-

I
tl.t
tlt

4_

-5
-1
:I-

-7
'2 t l l
-  t l l

-I
-1
- q

-?
-2 Ll3
- ]-l l

)
-l
-I

I
tb
Ll)

5
1 zll

-  t l l
zlt
t13

3
-l

J-

5
1 zll

o  t l l

2.
-5
-1
- 4

-11
- 3

3
-1
-L

Thle error of Ib ls an artlfact--a ttro sronth cycle lntrodueed by the fect
that a 6-year eyeLe d.ogsntt ulpe out gnoothly vhen the valuee are throun lnto a
eight nonth table,

Iou ean see this by prrtting the values of the Gnonth cycle by thenselveg into
an 8-nontb tabler EB follovs:

Ease llonths aft er base

I

1
I

:J=

0 3
8 - 1

16 -l

I
4
-L

-I
'  t l l

- l
-l

-L

1
t l t

-3
1

-L
-1
-  L l l

-I

3
=L

l,
tlt

-1
-  t l l

3 1
-1 4
:L --f-

1 - 1
th - t l l

(sr'n) 1
lverage L l)

llhere are ttro or three other facte abort period.ic tables to trhieh I shoulcl
call your attention.

.l periodlc table just half the length of e s5rmetrlcal zLgz{, cycle v111
ellnlnate the cycle, rrhen averaged ln gectlons that are nultiples of 2. For €!f,-
anple, suppose you hava an 8-year cycle and throl these va,lues into s l1-year
periotlic tdble. The avera€e of any two lines of ttds tabler or any other nunber
of l i r ,es that is a rnrl t iple-of tvo, vt l l  el ininate the &year cycle. Tbeoretlcel ly
the ellnlnation le conplete, but Just aB tte ran lnto rrlth noving av€rages, and
utth pariod.ic tables, too, there nay sonetimes be ninior d.lfferenees ln actual
pract lee.

If your periodic table is one fourth the }ength of the cycle,' the cycle vritl
be ellminated prwliled, the sections of your periodle table are four llneg long'
or Bone nultiple of four. Tlnre a tvo year periodle table of a Eerl,es containlng
a synnetrlcal zlgzag eight-year cycle v111 vash out the eight-year cycle lf cvers{-
etl ln groupo of four lines or any nultlple of four llneg.

And so ono
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LESSOU ll

vEIcmED IoYUCO AVEnICES

- It rlll help yor to ulilargtanal t€ightcil lovlng averagc! lf yor r.allrc that tbe
otartary Dorlng aroragcs yor bane been it ealtng vlth aro alro uolgbteit lovlnt a?rr-
ago!--ody tbe vclghte are e1I 1.

To lllu.trato tbls fact coualiler tho follo\rlD€:

sulryrose yor hare a !6rlaa, th6 tcr's of nhlcb ar€ loltroasDteil blr lettor!, r, br
c, il, etc. Ihe flrrt tcr:[ of a 3 tto D@lDg avorage eoulal bc a f b I c. Ibc eecoail
tero vonlil ta D I ! I a. tra so o!. 

- ---,--

3
If yotr ltop a !6.!t to thhk ym 1111 rcalkc tbat tbr flrgt tora fu rcally

1" I g I f". Ihat 1o, to g takea once yo\r, ailil ! takeu oncc s,nil g talron once. Ibe
mrnb cf of tlD€s yor teko oech tcr ls once. Ibet ir. all tbo tvelgbtetr are I.

Edwor thc vclghta llght be l, 2, anil 1. If so. the ftrrt t.r8 of the lovlng
avera€e vitb thcee velght. troulal bo ta t Zf t U.

4
Note thst lu thls lastarrce the denornlnator is ll because thcrc are rcalIy l+

lteng ln the nrnerator, vLz3 B, b, b, and e.

Note that a novlng e"erage of e novlng ayerage le a retghted. nwlug avera€€
and can be couprteil tllrectly. For exanple.

Col ,  A Col .  B Col .  C
Serles 3-tteor 3-ltenr

l { .  A. of  Col,  A l f .  A.  of  Col.  B

e I ! I c or I h" l rbr I tl l"
3

t /_"J_g or r/lu I tll, I tl:n
3

tll+l zltu l_tl"s I zl#tJlltc
3

e tc .". I LL.g or rlJc I tl?d I tb.

€te.

tlza.f-zl,llo I zltc L.iltt I tltc ie rhe sane aB
3

Lles I zlgb I llg" I zlga I tlg"

You note that the fracttonal veighte of tbe terng add, to ualty,

B

b

e

f
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h3o ,

Thc ncrt tern lrould )a Jl, tb lct 0,' tha lort 4, .tc. 8b. orlghrt clrcl.
;,'.lo*d a.a![rG!r uithorrt dtltortlon.

. llor -trt thc ueightr -Ll?, O, O, .O-, l. O, O, O, -tlZ. fou voulil ect(-f/Z) r S)
l o l o  l o  I  t r r  ( - 8 ) ) l  o  l o  l 0 l ( - r / 2 )  r 8 ) ' ( - r r )  I  G B ' , ,  I  ( - r r ) :  - 1 6 ,

! r,- : - tt you procaetl you ioulil gct -8 for thc ldt tcrr. thr! b. tml I 8. tU"o
, I A5. l! ogb€r nord. tou voulil 6ct your 8 nonth cycls back vttb doullo aqfl tturtc.
'ii ' 

8cr. thal ls e tcchnlquc vhtch vtll rua:rl. lrou (a) to cllulnat s a cycl., (b)
, lb rcprolhrca ft,, (c) to ne6ntfy ltret vlll.

. U}it cffect vlll theoc tcchniquer beve upoa raadoor, upoa trcail. e l upo!'. 
Othcr cyclcr? L,,ot u! t e6' itfact uoon rrcad

.. Colrlilcr e trenil lncrcaelag .roothly r! follova: !. 2, ), 4, 5, 6, ?, 8, 9. .
,10. ctc.  Appty the f l rgt  foroula (1/4,  O. 0.  0,  I /2,  O, O, O. f /4):

. ; . : . ,  ( r / t r  r  r )  I  o  I  o  I  o  I  (6 lz  |  5 )  I  o  I  o  I  o  l8 l4  ,9 )=  I  I  tp  I  9 .  zo  .  5.. 4 tr rr 4
e AtIrIl6d to ths trrrt trrr ro voulal gGt.

' 2,4 | tzltt 1 tolu = z4l4 - 6.

..' SlDlIarIy rc noulil Sct ?, 8. 9, lO. .tc. thue. aa you ca! 3cc th?rc aould
'lc ao cflact rbat ever o! tlcad. If cycle erd tr6nal uero coDbilod alit tbc tonule

. altltl l.{t' ctcle coulit rantsh, treDal voulal !ci!aln,

; ! 
'Xor 

latrs try the .ccold forzula:

: 
' (-l/tt. o. 0' 0, r/2, o, 0, o, -1/4) oo thr .elc tr.!al:

i . .  ( ( - r l q r 1 )  l o l  o l o l $ F ' . 5 ,  l o l o  l o l ( - r l t r l  ' 7 :  = - t l 4  l t o l r t
" '  ' - 9 l t t ' O '

:.' Ealh ot thc othsr t6nr $oulal be rcro. Trcd vould v!l!lrh. (Thc cyclc ro|rLal' 
rpela. )

, . ;  . .  . l lor lctr!  try thc thtrat foru, la (-L12, o,0, 0. 1, 0. o, 0, -f lz) oa tb€
i'loc tronil,

. ' . ' ' .' . ; '  ( ( - r le )  r  t l  I  o  I  g  I  o  I  (1 r  5  ;  I  o  I  o  I  o  I  . " - t l4 r9 )  -  -L lz  { to lz ,
. ' 1 . 1 '  ,  - ) l 2 z O -

.;!hou€h thc cyclo iloublod, 
Iffect ,.* R.a<i oe

,] '" tlou about tlre effcct on ranilcns?

Lct lrs use a felr of the actual rsnrton mlnbere usca h Lcrron V labfc 1.
' lhcsc:r t rr  s l lorrn in Col.  A of  the t^ble belorr .  The regult t  of  applytaC tho tbrcc

, ' re i4 l r ! ' :C  nc  j r : r ;  . . ' ' r : r ; ' es  a re  sho1 ln  in  CoI .  3 ,  C ,  and D.
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L e ' . 3 o n . f . ; :
l aco 5

for the turnln":  points in t th ich ve are interest4d er i l  zeroe for the intervcnlng
potnts.  As a short  cut thercfore rre can refer nerely lo the turnlng points '  lor
canr-nf  e l re: .ghts of  I  / le,  O. O, o.  I  l?,  O, O, 0,  f  /4 for the scct ion of  the curve
ccnterrn4 on :J niqlr t  be descr lbed tn shorthand as I  / l+ a I  ] - l2 E I  l l4 c.

?crhapa tl'e dragr.Tr uill helJt y('u to 8ee thy thi8 fortula nipes out the
ctcle. Both d e.nd e ore netiative v::lues as fa.r belotr thc axia as E is above it'

lhc value of Ll2 ;i rs the eanc Ds ?/4 Ij. That is, you have tuo quarter values
ou the plue Eide offsctLtng tr to oJarter val 'ues on the ! : i  nus glde, ani l  so of
course they c'r-ncel oul.

lJ i th th6 -r /4,  0,  0.  o,  r /2,  o,  0,  o,  - l / l r  rorr : rula (- I /4d'  I  t lzn -  t lac),

tour villueo of d a.ntl c yl:ich nrc ner:lrtrve to start rrlth aro tfll:en negatively
rhlch ne&es then posi t ive.  Tho resul t  !e four quarter ralues pi . led. to8cther at
E to nakc an anount eqru0 to the E you sterteal trtth.

f,ere are solre other formulae rrlrich vill elirninate the cycle:

d l 2 E l e
d - e

t lza -  i lze
1/ iod  -  l / roe
lAOd - 100c

b J c l i l - e - f - g
c - f

_ c l f
t l t t t  I  r l t tu I  r lae I  r l+ r

anil !o on to your h€arts conlont. AII lor'ter case lettFrn arc ne€atjve srl.i

bav s thc lario ralrre. AlL upler c&se lettors are losittve an,] h"-ve the sane value.

ADy upp€! case let ter v i l t  t i fcet  any Lo.rer ca:e let tor,  ar ly ulDer c. .se let ter

taken ncgat lveLy vi l l  of f ret  any other uppcr case let ter taken losi t ively.  Any

lovcr cagc l€t ter taken nagat ivel l r  wi l l  of fsct  any other lot 'or  caee Ir : t ter ta ' :ea

posi t tvely.  AII  let ters nay bo nul t ip l ie i t  by tho s ' 'xe const ' 'Lnt '

Let ug norvr cottstnrct a fetr formtla thnt can be n-rrplied so tls to le'rve the

cycle unaffoc t ed.

- r l 4  d  l L l z  i i
- r / 8 e  1 / 8 d l
- r l 4  t l  t l z : ;
-I/,+ a I I l ' ,  c I

L l L 6  ( , 1  l i r  ! . 1

I  n i  5h  b  r ' ( ' ' '  
" l r !  " '  

I

I  l t o n  c Y c  !  t '  1 r  r  ,  . l  l ; '
r r e  r v i l 1  c o t l : i i  i ,  r '  '  . ' r ' l '

L l L  e
r l 2  i
r l 4  h
Ll tv r .
r, l t l

r . t  t .

I  !  '  : ' ,  s  " ;  ; ' ,  ' l , i  ' . 1  ' r r  t l t o r t g h  F i l ; .  I
. f  i ; r  t " .  .  . t :  ' : l r , '  l a  u i t h  . 1 r l  o v e n

, i  . ' : : t .  .  ' ,  ,  i  ' . ' '  , , '  e t '  t , e f r n S . )

r / s  e  L I B  f

] . l t +  h
\ '  1 ; ;  l  r  )  r /r( (a /  t '  /  e /  n l  e l  r  l  s /  t ' )

r res set  uP. to t l iagran an

number of  terse-  (Later

l ' t - : t  ' l t  3  t : .
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'  l lO roverse the procees and ol iminato the I nnd
r!;artc the beglnnlng and cntt irrg irqn, thus:

r / 4 r 0 , 0 r 0 , 0 , 0 . 0 , 0 , 0 , 0 , 0 , 0 .  t l z ,  0 , 0 , 0 , 0 , o ,  0 , 0 , 0 ,  0 ,

Xoy that 1rou I ' i tve tha i t lon, you s|orr lr l  be able
a lcu tore n inor  points  are \ forbh nent ion l t t , : .

Lessoa XX
?o<o ?

!:-eep the 6 You ttould nerelY

0 ,  o ,  I l l l

to s,o on bY Yoursclf , but

I lgg ! . ,  the  nore  s lgnr f i c r rn f  te rns  to  yc r r  nov i r rg . : rvnra{ le  bhe nore  you reduee

t o u t  i r . n a o u g .  T h a t  i s ,  a  f l v e  t e r n  f o r m r r l a  o f  t h t i  { : , d ,  . , e , f  t y p c  o r  t h e  t , D ,  d ,  
' - ' ,

c .  ! .  f  t y p e  g o t s  r i d ,  e f  r ; r n d o n r ;  b e t t e r  t l : a n  a .  t i r r c ' e  t o r n  f o r u r u l a  o f  t h e  d ' , ) , e ,  D r

er  3 ,  f  t y?e ,  (But  r l  n . : \ y  nc t  do  ns  good a  job  c l 'ge t l , iq :  r id .  o f  some o t l te r

partlcular eycla.

Seggn j r t .  In  t t re  i l . lus t ra t i ,o r rs  i l i ren  the  fo rnu lae  l tave  been se t  u l ,  so  tha t  4 I1

valueg rxeept cycle turnln6 pornt ,s al 'e uere.  I t  is  r rot  essenbt:ul  that  you d'o

th la .  In te r rned ia t t  va l r res  c i rn  l re  6 iven  su i t ' r t Ie ' ; te ig ; l rbs  too-

!b , ! rc [ .  In  the  i l ] r rs i ra t ions ; lven  the  fomru ]a , r  h i rvn  L le r :n  re l : t te t l  t , c  a  s ing le

crcs t ,  D .  For  exann lo  l l?  o f  
' j  p l r r : i  one  quar te r  o f  t  t r l r t s  l l4  o f  e  e l t  i> i le t l

Up at  E yt} l  eqrral  ; ,  I t  pcrhrps n, :eds to L 'c poirr t ,ecl  ( , t l t  : tga. l r '  th: : t  t ,he forrrula

vorks  equa l }J  r . re l l  fo r  c " re ry  c1 ;her  ' ro in f  o l l  the  c l r rvor

For  e rarap le ,  ta t :e  the  ' ' o r rn rJa  erpres ;scc  n : r  - . I /4J ,  l . fZ l  -  L l l t "  l rh ich  bu l ldg

u p  t o  f u l l  p o s t b i v e  a m p l i t r r d . , r  v n l u e  f o r  ' . , h e  c " ( ' l t  a l .  p o i : r t  I ,  l l L e n  t h e s e  t r e i g h t s '
- i l t r .  0 1 0 . 0 :  t l z , 0 , ( ) . ; J ,  l l t ,  n r e  a : : r r i , : d  r , o  e e n t e r  a t  p o i r r t  e  t , c  g e t  t l t t z  I
L lze t /4r.

E and F .  e . r .e '  bo fh  pos i t i ve  bo  s t ,ay l  l j  t l r  bub  a f t r . r  . you  ap : r l . y  t t re  fo rnu la  t l ' :ey

becoue hegat i r re .  e .  ne6at ive  to  r , tg t . t  r . , r  fh ,  i tays  ne i : ' : t i ve .  Thcre fore  you bu i ld  up

at  po ln t  e  a  fu l l  ne f ,a t i ve  onr , t i ^ " r t r1 r :  f c r  thc  cyc io .

r r i l  l  f : r l }  be tveen
i i . : ,  ) .  fbe lovr l

i
I,
i

I

l,/
, l

l
I

I
I
I

I

I

1'

I

l l ou l f tb ,  u t t l ,  cyc las  o f  odd Ie t rg t l r ,  t : r t J t : - r  c l ' f : s t ,  c r  t ro r r ' -h
pos ib lona.  Far  e :a r rp le  cons iCer  b l rn  l -y ra r  e ; rc le  c r jaAranned j r r

at d ancl e f&ll befucern ye:\rs.

t

l
I

i
I

. 1 .

I
- +

Fl6 .  t ,  A  J -year  eyc le  c ro : ; t i r ' . , ;  l t  E .  no fe  tha t  t rou6:hs  d  and e  fa l l  be t t reen years '
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i lc l tberately dld l t  the lon6 ray to spel l  i t  out for ycm.
you vould ghor t cut .

Lees on .A
peso 9

In actual practtce

Icteht od
Hqvfng

Sweral eorts of short crrt  are posstble. Ior exanple instead of ueing a
forrml : r  l ike -L14,  0.0,0,  L l?.  o ,o,or  -L lL you eould t tee a formula l ika
: I .9r0.0.?.9.0.9r-1.  That  1g,  take the te!  varue necot lve l f ,  t  a lce the f l f th

,+
value tulee, take the 9th v*lue nc6abively, and dlvide the gun of the three prorlucte
by four. Actu&rly .you uonld not evon need to cl. ivido by four. You could ctrart the
8un of the three valuss eurd chan.:e bho scnle on bhe chnrt after you got through
char t lng.  subst t tu t i .ng . r  1  for  & 4,  tL  ? for  an 8,  e te.

In tngtancon rrhere you h:,.d pecr: l i r l  vei,3hts you could eomlnrte each of theae
veights a l l  a t  once,  record,  thcm in sepl rate eol ' rmns,  and assemble oE aeeded.
thlg nothod nrekes l t  pra,ctteal to d, ivid.e by use of reclprocals--a great t ine saver
e! I have alreaCy poinied out .

Efehtlh Donrt fal l  to nobe that veightet l  moving averagea tend, to create
prautlo cyclee out of randoms,

Consl i ler  a  ser les n l - l  zsro exc lpt  for  one randon.  SubJect  th is  ser ies to
ualgbbetl  novlnif  avera€es cf r.arious sorts. NotIce horr .rsetrclo cycler appes,r.
for Sono erarrples seo Table 3 end f lg. lL,

laother  reDr lom ? l l t? Ie l r ter  in  the st : r ies u i lJ .  create another  pozudo
cycle,  but  th ls  ps ' ,n : r to  cyc le rv i l l  not  be in  phase u i th  thc f i re t  onc.  exccpb
by acc ldent ,  l lor rever ,  i f  i t  ls  nenr ly  ln  phase i i  u i l l  ereate the t l lus lon of
a cyc le a l l t t le  lo : rger  or  , - l  l l t t1e shor ter  thsn t ;he psgudo c1rc le.

Tab1a J

Shortng psanrlo eycle lntrodueed by aflrllcotlon of a novlng svsra€c
fomuln to a slagJa ratrrlan tn:Dber.
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Le s son )0(
Supplenent

LESSON )0(

Supplencnt 2

TEAIIIIAN IS AMPLIFICATTON IABIJ

Questlon! Do you knoc of any lnter?olatlon fotmula vhlch can bc uectl vtth a tablc,
such a6 Table I of the Octobcr t55 JourDsl rhlch accorpanlcd Lcsaou IX to lntcr-
pol.atc values for arly fractioaal cycle length for conetnrctlDg aqr1ltutlc charts
ano restort Dg cycLa slplltutles?

81nec tbe leatEan-Lane tablee are for Blnc raveg anil slncc vc uBually couslal?f
our cycles to bc elmetrlcal zlgzag navea, I ar trytng to Dake up !y or'n tablc for
zlgzag cycle8. There 18 qult€ s iltfference ln the eapllfLcatloD factore.

lgg: llo, I donrt kno$ of any lnterpolation fonsrle for Y€etEaa's table, aor
tlo I know of any table for zigzag wavea.

I shouLl, holrever, perhaps call your atteatlon to the fact thrt you cad gct
htet?olateal values froo the table ltself.

For etaEple, a 3-1teB $ave in the oJ Colunn can bc congldereil as a 6-1ten
vave lD the ol4 Colunn or a l2-lten vave ln the o28 CoIDrnn o! a z&-itet[ rave 1!
the O55 ColuEn lDd all other values pro-rate.
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raves longer than 24 rmnths rould be shorr
e a r l i e r  t h a n  t h c i r  t r u e  p o s i t i o n .  I f  e
large number of raves is present, the use
of  th is  rnethod leaves a d i r tor ted jumble
that is not a true picture of the ranaining
r h y t h m s .  A  f u r t h e r  d i s c u s s i o n  o f  t h i s

'  ne thod ,  9 -C . ,  and  g -D,  r i l l  be  g iven  a t
the end of this paper. .

Methods 9-A and 9-B rcre derigned to
aruid tihis phase chift, and to g.r. greater
s e l e e t i v i t y  i n  ? e v e  e l i m i n a t i o n .  T h . y
inrolve the use of points FIH earlier and
later tli- the reference rronth. All rcmain-
ing raves, after repeated operations by
t h i g  F o c e s s  a r e  l e f t  i n  t h e r r  t r u e
position, there being no phase shift rtrat-
ever. Out-outs for these operations rould
reguire three rindors, the refercnee rnonth
(0) being in tlie middle.

i l e t h o d  9 - A  u s e s  t h e  f o r m u l a  0
|4(rU + XB), X being the number of rmnths
after and bcfore the reference nronth for
t lre desired operatioir.  This'r i l l  el iminate
a raYG of lerrgth X, V2, V3, Y4;- etc. I t
r i l l  d o u b l e  t h e  g i z e  o f  a  r a v e  o f  t h e
I ength 2X, 2X/ 3, 2X/ \ ,  zX/t ,  c rc. The
munt of arplifieation or rcduction of all
eaves vhich may b. present may be found
f m n  T a b l e  l .

l l e t h o d  9 - B  u s e s  t h e  f o r m u l e  0  +
tAflrn + )Ol).  This r i l l  double the size of
a rave of lcngth X, V2. V3, V4, ete. I t
r i l l  el ininate a rave of length 2X, W3,
2VS, 2V7,  etc .  I ts  c f fect  o f  rmpl i f ica-
tion or reduction on any rave $ieh may be
present rill be found from the same table
used for Method 9-A, except that in this
case  the  f i gu re  o f  the  tab les  i s  to 'be
aubtracted from 2.000. irethod 9-3, l ike
9 -A, gives no phase drift to the ranraining
raves.

These met ,hods nay be cornbined,  and
repcated severa l  t imes,  to  anrp l i  fy  the
rayc being studied, and redrrce the size of
o t h e r s  r h i c h  m a y  b e  p r e s e n t .  S u c h  I
mrltiplc operation night be 0 - X(Xd + )6)

. o f  0  + Y ( Y A  r t B )  o f  0  - t l ( 7 A , + Z B l ,  t h e
d is tences  X ,  Y  and  Z  be ing  chosen  to
cffcct the purpose desired. Ib obtain tfie
tnre size of the rcsultant rave onc Fuld
nult iply the unpli f icat ion f igurcs given
in Table l ,  for the three operations in
question. An example of the planning for
d e v e l o p i n g  e  r a v e  i s  g i v c n  b e l o r .  I n
the case of a series of operations of this

sor t  i t  na lcs no d i f ferenee in  the f ina l
result rhieh one is done first, though one
combina t ion  may  g ive  a  se t  o f  s ta r i i ng
figures nDrc convenient for the eucceeding
operations.

A concret,e example of the use of this
p rocess  i s  g i ven  in  Tab le  2 ,nhere  th ree
sine tayes ll, l7 md 2rt cime periods long
are added in coltrmn 4. The length of data
is 96 time periods long, far t o short for
aeparation by periodic table. (For PEflFET
scparetion b periodic table the data muld
have to be the least  cormon mul t ip le  of
the three lengths, o! 4488 t irne periods
l o n g ) .  E a c h  r a y c  i s  d e v e l o p e d  b y  t r o
operations to rcmove the other reves. In
developing rave l l ,  the f i rs t  operaBion
rsil)ves waye 21, and the next one tave 17.
The rnplifigation for the first operetion
i s  1 . 8 4 1 , / t h i s  b e i n g  2 . 0 0 0  m i n u s  t h e
f igure in  co lumn 0-12,  for  ;ave l l .  Ihe
second  opera t ion  amp l i f i es  rave  1 t  by
1.959,  th is  being taken f ronr  the column
0-17 ,  fo r  wave  l l .  The  p roduc t  o f  these
tm figures is 3.606, rilrich is the divisor
used to tet the true size of the rave. The
divirnrs for raves l? end 24 are obtained
in the scne manner.

Another exrnple of this proccssis shosl
in Table 3 , rihere saves 20 and 36 months
long are added to a trend line. From the
$n in colrnur 4 cach rave is derived, md
the trend line as rell. For the 20 months
rave the first operation doubles the size
of the rave and rdlovea the trend l ine,
(Sce intersection of olurn 0-f0 vith rave
20 in Table 1). The next rsnoves the 35
months ?avc, and anpli f ies 20 by 1.809.
(Se€ intersection 0-lB olunn Yit,h ravc D'
the  f i t u re  .  19  I  be ing  gub t rac ted  f rom
2.000 f6r a 9-B operation). The divisors
for the other operations are obEained in
the same m.nner. The trcnd line could be
found by subtracting the tn teves' but
it can also be deveftped by Method 9-B'
ranving the raves, and lea"i-ng the trend
line, as rhom in the last colunn.

the second exanple shors that raYes can
readily be scparetd frqn a straight trcnd
l inc. frhi lc ihc t&re degree of Precision
eannot be eryeetcd tere the trend line ig
a  cu rve ,  o r  o f  en  ex t rcnc ly  i r regu la r
forn, the resultr rre aurpriaingly good
in such craes.

Thesc tm exarples are dl slnthetic data,
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the first colrmn and those for the opera-
t ion of  the second column. Those in the
third colwlr ere th_e product of the figures
in the second cofumn and those for the
o p e r a t i o n  0  +  l 4 ( ? A  +  ? B )  o f  t h e  t h i r d
co lumn.  As  co lumn 3  is  a  9 -B operc t ion
the rnplif ication vil l  be 2.000 minus the
figures found in the 0-? colunur of Table
l. Eaeh colunrn rhore the progrcss of the
opera t ions  to  tha t  po in t  on  the  l i s t  o f
saves considered. In searching for this ?
reek rayc the nearest known raves rcre 4
and l4 seekb long. The band of waves near
7 - r e e k s  s h o w n  i n  t h e  t h i r d  c o l u m n  i s
r a t h c r  b r o a d ,  a n d  i f  t h e  r e s u l t  o f  t h e
first three operetions shows the presence
of another rave near ? reeks a much higher
degree of  gelect iv i ty can bc obtained by
the fourth operation.

In many cases a preliminary snoothing
opera t ion  o f  thc  da ta  i s  des i rab le  by  a
mving sveragc. lhere exact resul ts l re
desircd for the nplitude of the ravc the
anpunt of reduction cansed by this rnoving
aycrage should be considered. A table of
n o v i n g  a v c t a g e  r e d u c t i o n s  i s  g i v e n  i n

Table 4,  rh ich by s imple proport ion can
be used for any length of rave and rnoving
averate. If a 3 moving averate sere used
for  the  opera t ions  o f  the  las t  page,  i t s
effect rculd be celculated for eech of the
save lengths shom before that of the 9-A
and 9-B operations.

A 2-3-4 noving everage is a coorbination
often used for groothing of erratic data.
To gct, the effect of this on a set of raves
like those on the last page, three colurms
r o u l d  h a v e  t o  b e  s e t  u p ,  s h o r i n g  t h e

i reduction by each opcration bn each ?ave. 
length.  The ef fect  of  th is aet of  opera-
tions on a rave 108 rnonths long rculd be
trivial, only reducing the rave to .996 of
tnre s ize,  bub an 8 rmnths rave rculd be
reduced to .45 of its tme rnplitude.

To supplenenb thc tables of uqplif ica-
t ion  fae tors  (  TS le  l . ) ,  F igure  I  i s  made
of a tlpical operation for eaeh of llethods
9 - A and 9-8. This shors that f,or each of
these operations the iurve oscillates frcm
2.000 to lero r i th greateF and greeLer
frequmcy as the raves becoe shorter. One
ray to avoid the interference from ghort

A + Y z
( ?At?.?)

.000

.000

.000

.23e '
4.  $0
7 . n 4 ,
5 .820.
3 .420
I . 6 2 5
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. l l ?
. 1 1 9
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. s 2 ,
.0?0 /
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. 0 3 1

0  - y ,
( l8l+19q1-m6'-

.000
.000 'to be
,442 added
.000 if nec-

13.890 essary
5.8 20
.000

t. 122
1.087
. 402
.06 t
.000
.0 12
. m 3
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