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STANDARD & P00R'S CoInINBD ANNUAL, 1854 --Lgr3

(oa te )

Set up TS--1. Ente:ed data supplied into Column A.
Chartec l  data on S & P C A-- I  (ar i th : ret ic)  and S & P C A--2 ( rat lo) .

( uate )

Looked up logs and entered lnto TS--1, Colurnn B.

(oate)

Stucliecl Chart 2. Notecl pronounced trencl and many osclll,atlons.
MaJor eycle about 20 years long.

I'teaaurlng from low to l-ow

1859--1877 18 years
r8n--r895 rp years
tBgS--Ig?L 25 years
1921--19\2 2L years
:'9l+2-- ?.

Fourth cycle broken al l  to pieces by the lovr of L932.

The eeries ls 60 short that we have only about \ L/2 repetltions of the
zO-year cycle. Too few to study fruit ful ly r:nt i l  shorter cycJ.es renoved.

Noted crests in 1953 ( or 1ater) .  19\6, L937 , LP9, at about 8-year, inter-
vals. These 8- or 8l year cycles seen to vanish as \{e go backward for the ne>:t
2! years or sor but seem to reappear wlth a crest at )-W2, L892, t88t, l:872, I86h,
ani l  perhaps 1855.

Adnittet l lyr the troughs between 1863 anC IB?2, and betveen 1881 and 1892 a:?
very bad. .  But we have to start sorner:here.

Let us therefore explore for cycles in the neighborhoos of 7, B, 9,10, or
11 years.

(oate)
As a ftret step I t lef lnl t ized trenC by co'nnutlng a 9-] 'ear noving average ol

the logs of the data.

The p-year noving total l . 'as posted into Col. C, l-year movlng average posted
l n t o  C o l .  C r .

Logs of dlata and their )-year r.roving average then plotted onto Chart 3.

( nate )
Next I  cornputed deviat ions, logs of data fron thelr !-year movlng average, as

descrlbecl ln Lesson IV. Posted. C.e' ' i iat ions lnto Col. D, and plotted onto Chart ! .

I  studled thls chart and noticed.:
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LESSON W

NOd TO REITOVN TREIID

Il len you have trend vnJues for each year i t  is a cimplo natter to €xPress the

actual datun for each year as a percentage above or below tho trend, as the c8se
nay be. (You vrill remember that daturn is the singular of data. It neanl one of

the numerical faets with wtrich you startect--oro ci tt e valuee of your orlgfrTt tlne

ser ies. )  Such percentages are ca l led percentago devlat lons f rom t rcnd.  They

represent the date adjusted for trend.

Suppose the value of t l ie datun for a part icular year lg 600. Suopose thc

trend for that year has a value of 5OO. The datum is 100 abooe trendt IOO 1g 2g/ '

of SOO. I ience the dgturn for that year is 2O/. above trend; 1.6.p the devlat lon

from trend is plus ry..

If the datum for tlrat year lrad had a value of 4OO, it would have bcen 100

bolow trend. qne hundred ls at i l l  2V" of 5OO, the value of thc trend. The r61a-

t ionsir ip of datum to trend--the percentage deviat ion from trend--would havc bccn

minus Zq,.

l- ihen such comprtat ions (percentage deviat ions above'or bolow trend)-have bcen

mado,  t rend of  course vanlehes.  That  is ,  i t  becones zero ln  a l l  ceEeg.  Thus,  when

clnried i t  becomes a horizontal axis at zeror BFoutld which the devlat long oscl l lato.

For an 1l lustrat ion of charte of conputations of thla aort rcfer to Spurr,

Charte l4-1 and l4-4 on pages 296 and 30I reepectively.

(Of oourse what 1s said lrere about yearly trend valuos aPPIlca egually to

trend valuee for any other period of t lme for whleh the data crl '8t ' -balf  yoar8,

quar ter  years,  nonths,  reeke,  days,  hours,  e tc . )

Another nethod of proceeding ie a6 follows r Ingtead of conputlng thc Pcr-
centagos fron the trend, conprte the percentages that the data src of the cotrcs'

-
Fcndlng trenf ;;i";;.---i" tr,-e examplea glven, 600 would be LZq, of FcngrJm would

6e BdJ of trend. Trend bccomes a irorizontal stratght llne rlth velue LOV',.

The curvos obtained by the two rnethods aro ldentlcal, Eorever, ln tho cecond

method, 11re r""i" i; iogf- l;ger, Prus 20fr becomes 12(/., u ero f bccoaee Lo@, rnlnus

2€, becomes 8V/,.

For an example of the second nethod rofer to Spurr, PaBo 332.

Strictly apeaklng, the values obtalned by the socond ncthod arc not dsvl-

atlons. The word devlation (o" departure) funplles golng aYtay froa, up or down.

H o w g v e r , t h e ; ; ; ; f f i i ; " ; ; a _ l o o , e l y t o i n c I i d e | " " c " n t a g o ! o | t r e n d i g
rre}l aE percentagos lfg4 trend.
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Lesson  [ t
h6s 3

2r??82r Yil p,trt 4.7782 lnto the nachlner you subtract 2.6990, and obtaln ? ,O7gz
dlrectly. Slnllarly, lf your dotru le 2.60?1 yotr put 4.60el lnto ths lrachlne.
Thc4nhea you cubtract 2.6990 you obtain 1.9031 wlthout havlng to bother rlth
negatlve loge and an addltional operation.

l{ote that when deallng wlth logs yotrr frdevlatioagn are dlffcreBces of the
logr, rlrloh ls the aane a3 ratloe or percentagea of thc nunbelt--

AII that I have sald above applles to trends of arly lort--graphlc trendr,
ctratght llne trcndc, nathematlcal trend guch as parabola, aud movlng avcrag€
trends.

IIOIB

Ilasons III and I! have failed to fulfll l e p':nige f nade ln the thtro-
ductlon that you could lcarn sonething fron then uo nattcr hor narly courros ln
ctatlgtlcs you night have takcn.

Tllrsn I got lnto the aotual rvrltlng of l,esaou!
Itnpllfy thern !o es to llnlt then to novlng avorago
av€ragcs ls well rrndcrgtood by statl.gticlans.

III end
treudg.

n I deolded to
Thls arpcot of novlng

The affeot of nrovlng avcratcs upon any oyclea rftlch nay bc prerent ln the
orlglnal ourve and tn the dovlatlons fron a movlng awrage trcncl rlll be trcatod
later rdrcu re gct into the natter of lsolatlng cyclcs. It le thlc aapeat of
novlng avcrages thot ls not generally undergtood.



. .r tsea ool (o) 'p.nat1 ool (?)
+noq€ (a) '>1.lor.r auior{ ssal

6T Tl?TJal€u uosseT aql JT atr I1afi
(q) '>1:or.r ouioq oroul (") luerl nod g1

. tq?Ir Xnoqe ( J )'Fu1a13 uro I l€q&l
eiu 11e6, '9

'sualqo.rd

eur  TIa & '9pauL f ss€ aa.n{? oq+ Jo qcea rro

's lJl?qC la{r l3ur {COtS
rno.,t '(e1o.ui I q€qn ol pappe

6?c ! l  ' i +1
I s S S T C S q V  .  S s S

( l :uqa e
uo pa11o1ci  se) aAJnO ' ;J:

oq'6' 'r) ueou poTJT'poll 'bbT.r

tlc', ' .- ' tA c iep luTid .ciclcl

J O i € J O u m { I ' C O O

(qqTri ,  t t I )  pr tapTrr( [  ' r inu

Ir3iol  8urao1[ .uuu

e' [oqlaJui  . ITI

r.iedru cTlau i lr_:l i l  .: i i t)[

r ioT'+C€JJ .reciO.rcri it l '  f f g
r . .  o i i c i l JJ  Tc luT. )6 : j ' ' i .T :

sa T.iog 'qrlri

-:?,:I-;U TIUO'.iOO . :-1t?
JA qi'tnu }€-y-il ..IJ.i

se:n8tg:  tur : : .  - rJTu?TS 'ooa

a-lJni 'a 
Jo adolg .p?p

'ae Suiaoul  Jo q18ua"J 'occ

u € a u  c I J + e u l o : j 3 ' q . q . q

lrcaqc 3o1-3o1 'sea
'1,€ 3u:t.^toui crJlauoot 'zz

iaaqs uorlelnop6, '-Lt

lret{c a3ueqc-Jo-a l€U ';;x

puArfi '  *eInCoS '1.': ' .

prr€ .AI uossaT uo luads no.C ?tto1 rroq

;mo{ g:o Jno}
a^cq no.,t 31)

puc r loaqs uoTl€Inq€l leTJRtr {colg
+oilr€ui {cols arto.A ur puos .fl

'AA pUOJilr oI
'rIn 

?uacJed rti
' 1?  l Jcqc  €  Jo  aT€cs  I  

'A
' s s  ( s a r J a s  a u T l  B  J o )  u J o i l f  . r L
'Jr  sraqunu g3:o Sulpunog '+
' b b  a T € c s  o T I B U  ' E
'c{cr, ate.rEag ?urao11 ..r
' o o  a I € c S  ' b
'uu uo r  lc€JJ uorruoC .  d
'UIJI  Jola€d 'O
' t T  u € T p e l { ' u
' l t {  uoT l lsodsue:6  .E
' g f  p T r o  ' T
' T T  1 0 0 u  ' {
' t l t {  6cTlsT}€1s 'c
.rF .de,rry . f'JJ 

l :Br{c oI?eU ' I{
' aa  

luaT lonb  . t
'pp a lsu rpJo . J' c c  o T t a u  ' a
'qq roXeuruouap uouuoC 'p
'w oTlur  paurJau 'c

tJcqc a Jo u1t1.rg 'q
' d  l e c o r d l c e g ' €

IT€
3oT

puaJl I€cT?€Ltaq?t:! l
qciu.r8 auTT

ICSTATG
s1s- i1auy o1c. ' ;p

aTBcs cTioui{ '+I . iv
uo tlBnlcnT.I uo pu?u

uo T I tTIT a: io

lJ" l {c € J1 sT}4r

lJct{ c cTtr{l 1.rc?o1-T" c S
aFa;e. ic Futaou pa1q31o11

alclic r: al€nTe^g
d?L IOr;  I

8ul?l l . l  puart ,
uq {ritig

uo T l t ]T^aq
qde.r8 yo lJsriC

sri{41;ia?o'1
a + a  l t 6
I  L v . \ i J

sa Tra s auT,tr
o?eao ay

(urn1ep) e'+eq,
iJlsr{c c J0 oTccs x

oT+Br E io  aseq oqf
( laaqs uoTtuTnqu? Jo) qnls

i.lfueeso19
e Jo l r , 'd  se f l lecTlaqcqcip, 'paTT. I  aq ra leT r i€c qcT' { r \  (sp:=c. ro)  redcd , ,5  r , ,6  Jo

sd11s uo sJatrsrn3 elTJir r i t?ur no.d qsT/.r no.{t  JI) 'Et i tJoX SurrrJIToJ or{t auTJaG .e

'tursooqc ui ' .o rno.d Jo oTccg l€cl lroa
u ?u1sn pue 'd1:nolaercl pesn no.d sB oT€cs TuilrozrJor{ aures eq1 ?u1sn (tl tJrqC)

taclei l  Xruqc rr4l x *Tt Jo laaqs € oluo C .ToC 'T-.S' i [  
Jo sanTo^ aq1 +otcl .Z

'O  'ToC ' I - .S ' , t r  uT  lTnsa l  oq l  l sod  .pua l l
o?s.rean Suraou .ruo.f,-( oq1 JoJ €ltp 4a:{Jcrr :{coqs .rtro{ 3:o s?o1 aq1 +snfpv 'T

q a3e4
uossoTf t ?

J I T

ffim6:ie



L^sson f i I -A
Fage 1

I,ESSOi,l r.'-A
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TIe are ur ' : i r5 t lre t t l l lc nethod of jnstruct ion. That ls, we are engaged in rnak-
ing an actual cycle ensl ' ,rsis of a real series of nunb€rBo The numbers chosen were
annual stocl: rn,rrket ave:'ages for the pnst 100 yea:s, but any other geries of
f igures vould hlre served.

I kept ' ' 'he pro'rlen do:.ne to lO0 n'u:nbers in order to hold the arithnetic to a
rnini:run. 0n tlre otl.er hn::.), I fel1; it rr:rc€ssary to have at least 100 nurnbers to
rqorlc lr i th in order io i- l lus' ;rate t lre vnrious principles lnvolved.

I told you thet thc f irr ; t  step i ;r  a ci 'cle analysis wai to clrart the data on
retio scal-e. To mlr. l :o i i l rre t l :nt you unCsrstood al l  atout cherts and chart ing, and
prr t icu larLy about  chr . rb j .ng on rat io  scale,  1 ' . 'e  pnr ls :ed to cover  th ls  subject  suf -
f ic ientJ- . . r  for  the l " rFoses of  eyc le n, le i -ys is .

In chart ini ;  " ;hc stock n:.r l :e{; a'rera6es i ' Ie discovered that they evidence trend.
I  to ld  yorr  a  I : - t i le  ebout  +-he zar ious " ,ayc in  wi r ich t rcnd can be def in i t ized.  In
par t ic t r lar  I  to ld  you b l r^ .1:  the r : ry  to  t l .c f in i t ise t rend for  purPoses of  cyc le
ane.Iysi.s rrns to eonlut:s a moving pTere1e of more or less the sc.mo length as the
Ien6th of  the c] 'c les you v ish to s ' ;udy,  I  a lso to lc  you that  the t rendr  so
definit ieed, r. ' -rst be i 'enovcrt. .

As al l .  of thi.r  i rrrr l .-es nr i t \netrc we paused brief ly to : :evietv the use of
numbers,  i .nc lu i in .< logr . r ' . . thns "

I then tcld i 'otr in dot..r l  ! :ew tr conpute n movin3 a-irerage trend. then I told

I'ou how to rerilove i'b.

t r r  o l l : :  s tnel :  n t rket  r lverages r?e obtr ined a ser ies of
1n3s of the ,rta fron t lreir B-year moving average
n : : r l ; ' r i s .  ( s .  i . :  P .  c .  A . ,  T .  s . - 1 ,  C o l .  D ,  a n d  S .  &

'rTe a.rc nfr.v rcc,t l . , '  : ;o s' fr .r , ' l ' r  t} ' rere l igu.: ' , ' :s and this chart fcr rhyt irmlc (1.e.

repeti t ive) cyet-es ,- ' f  7, 3, .  ;  , .1, o: '  i t  vci ' .rs j-n }engtl t

Tirese f ir .sb f,rur -t .csso:rs lnve r 'osecl o bit  of a problem for r lgr as the Persons
ta l : ing t l re  co, t rse Lr ;c  l : :J ' :c . : . ; r  d i f fcrent  t r r in ing in  s tat is t ics.  Sone are cor l -

peteni  s tat is t ic i t rs .  To srrc i r ,  p ' , . I , 'h  e l  thero four  lessot ls  mrst  hot 's .  19enef

"nitaisnt; 
o' ! :-r ioui. ,  Sc:1,3.r irorvevei, k:rcr: nr,thing of stet ist ics. For thern i t  nust

have beon-p i . : t t ; r  hr rd,  . rc , r 've l rave ccvcred j .n  feur  lessons what ,  ln  a co l lage
co.-rr! :e in str i i ,"Lies, ! :c.rIC. lr :r . ' " ,e tAl: :n aborrt t /A of a half-year co[rS9r The net

of i t  is thr.t ,  pt 'ol :n'r lJr no o: ic j .s l- ' r : t i i i : .cd'

r lpplr- i r r f ;  311 r f  th j r

va lues ,  (<1ev j  l t i cn r :  o f  tha
t rend) ,  su i ta ' - i te  fo r  cyc lc
i ) .  C .  4 . ,  C h r r t  4 ) .
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LESSON IV

SupPleurent I

THE CI.OSSAFf

one stuclent vrote ln obJecttng to the vork lnvorved ln preparlng the grossary'

r clon,t brene hln a b1t. T, too, flncl that sort of thlra an'anfur bore'

Eovever, I had eeveral reasons ln mtnil 1n asktng the questlons'

l. r felt that lf you rearly knes your stuf f you lrourd rrrlte tbe answerE out

of your headl tn short order.

2. I felt that lf You hacl to look tbe

thc extra nork 1n orcler to get the eubJect

" ln  bead?t

3 . I f e l t t h a t l f y o u h a d s t u d i ' e c l t h e t e x t t b o r o u g h } y l t w o u l d n ' t b e t o o
hard to flnd the anewers in the book. However, r nlxect-up the tems to be clefined

go tbat lf you badnr t studlecr the text yoo *ro,rid have tbe beck of a tlne to find

tbe aneverB--and would sbsorb qulte I b1t la the proces8.

\. I felt that the actual writlng of the anElrers would belp flx the meanlng

of the terme in your nlnd. It does for me'

S . I f e l t t h a t i f y o u g o t a n y o f t h e a n s w e r s w r o o g
chance to set You straigbt.

Tbeee are the r€asons r asked the guestion. But naybe tt rrasntt such a brlght

ldea. What do 1og thlnk?

ansvers up ln tbe textr Vou neeclecl to clo

natter ln hand--or sbould I say

it would give us a



' xsatre "':;:;;",:'::;' 
";i':-';:, i,,,'.:; . 

-il 
;,"::

' lr€qc Jo alq"l eql EorJ paPnTcuoc no.d l€qr:l 't l
' suoT lcaJTp  Jeq lo

uI uollctllsaauT JaqqJnJ tulrlnber lJet{c auTq ro oICtLl aqt uT r.tus no.,t lut{lt '€

.qlgual r€TRcTl.red BTr1l Jo lrr?r{c ro al.t€1 c alfeu o1 no.( P€aI lut{/.1 'Z
'auop sc/'I riJoi.t aql uaqr.I a|€P aqfi 'I

:aTQel  c IPoTJed eo uBt{c  aul l  qcua uo a lou '1s 'ca1 f - raa aq1 t t

' / t . t :oB sAu.,1u

I ua{; t  'a lqno.I , l  aql  q lJo, ' l  s I

ITs ol sJai.lsu€ aql saATl 1,;.{1
ol  sT lT tuTssalq € t€t{ / . I

'sJal . Isue oql  JaAocsTP

ol smoq ee,Cgl saurTlauos tT sTr{1 Jo II€ sulultira qcTqr{ 3o1 e aa'ri{ ?ou op nolt ;1

ulalqrl  eTql Jo f,pnte ts EorJ Jo sluTt{ 143 I pTp salcAc raqto l€qA l lxau op

o1 T'€aT 8Br.t 1 lq{A lratleq oql .€/r oprTcuoc I pTp t{cTt{/{ 1ls:IJ a:[eu I PTp t{cT.{/l

lsafecf asaql Jo r{c€a arfBur ol otr pr,-of 1€{l.lrr JlasJnod >isa 111tt noA saIndTJ Jo saTJas
eures aql Jo olqcl cTpolred.rua,t-9'S B pma elqul cTpog.racl .reaf-f 'J, e '.6tls sn lal
.aeg pu€ /.rou uorJ erua.{ f Jo 'lcaf, e Jo 'sqluou 

9 )tJoA aq1 an {cTd nort uaq;i

' .lT auop tulalq uorJ fapnlcuoc n6rt futlr.\ ptrc 'lT plp nof fqi.r pue 'op nod
Sugq1lt.raaa puTtr ur daaq o1 alqlssorlul lsouTa sT 1T fuql suoTlcarTp tuaroiJfP Xuuu
os uT.,o11oio1d:ca sa^IoluT ptrc.raclcci Jo slaaqs.ftruu os so:{ut slsdlerru a1c.di y

'tT lege.r s.6?n1e I oP 1 uar{n fnQ i3o1 o Eulrraa:i d1:1s ua?Jo I lTuPts
IIrf 'sn uasllleq lsnf .eJorit ro 'op nort s€ qcntr s€ soqol !u1ciaa4 a1€q 1 :f,?ff.fs$

'ssauTzial A! Jo lTJeuaq eql rot SuTz
-TI€uoT1e.r.d1uo unt I  sdeq.reci uaql lng 'uoTluel le lol tJlsTp o1 {1uo 8u1a^ras AII€nsn

.en1el aI l lTT Jo aq. ol punoJ .f11ua1sTsuoc oaeq pua rorlqu .dl lecTJTcads I qcTq/.I
Sulciea:1 procor Jo qJoJ eqo eT sTr{f glde:{ eq 3o1 e tcql l"Iluassa 1T s1 3uultF€rr$

3o"1 aq6,

Z luaulalddng

AI  uoesal

Z lueualcidng
11I IIoSBerl

tra I 
'xT op ol IT€J I uaqA lpzt? s.denle ue I 1T op

11 no.d.eJnss€ I issoTlsanb r.ulTlsTs raqlo pu€ a8aql
?oI uollTr/.I TTar.t B puTI ol PUE {rojt pTo ol :tc€q )iool



Quest ion:  Plecse

The terl:s in
of  the years.

The ten 's  in
years .

.T,e q so'l I!'
Supp:-enent 3
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Sttol ]6r1en1 3

COi IPUTING PI ii CEI'IT OF TEIID

te- l l  nre i f  t i re fe l lowir ,g statements are t rue.

c c l u r r n  C I  9 - ) ' e c r : r o v i n g  a v e r a g e  o f  t r B ' -  a r e  t h e  t r e n d  v a l u e s

colurnn tr3rr  Lrgs of  I 'Arr  sre the values of  the data for  the

Therefore. lo ss: inute th: te.:ns ir  Column D the per cent of trend the
equatlon beconer 1C13 eqrr.Is y' '  of trcnd.- i ' ' -

E:'anple: tire tem for .'-858 cquals lt($fu}Og, or 93,r/"

Agrygl: Your sta',c., tent: a^'3 trt ' :  r : !  +.o a point. That ls, you do coi,rprrte the
percent  of  t ree: l r  3a J 'Dt i . : r i 'c  i lh , r t ra ted,  I f  yorr  are us ing natura l  numbers.

But here 7ou:,re uqirg +-he lojs of th.e n'. l rnbers. You wil l  remern'her th,at in-
s tead of  nu. l . t ip ly i r '1  ( " t  r ; i t }  nr r : r r r ' :s )  you add the logs.  And i f  you I 'ant  to
d lv id .c  the nur")3 ls , .  but  cro u: l  11 . lc :s . .  t t :en you must  subtrcct ,

Using th' :  f igu.-rs fcr t ' t ' t  ) 'or.r :-858, and using a formula for conputing per
cen t  o f  t r cnd  ( in  l . ogs )  ycu  ;e t  th i s  co . . , c . r ta t ion :

( t ,16 : t .  phs  2 .CC( ) )  l - . : s r .  l -2 ' r2  c r r r : l ;  I . 919

2.0C0 is t1..1 lo1 oi lOO. So, instecd of nult lplytng 1151 by 1OO, vou nust
ac ld 2.000 to L-1.5r-"  Because. l . . . loL l .s  d l rg .  And,  lnstead of  d iv id ing by 12112; 'ou
Dt:s t  subtrac l .  I . i ] r2^

If you l:ant to l-.:tcrr rvhat this is in per cent, then you look up the anti-l-og
o f  L .919 .

Or. .  to  s t r .1 ' "  t r l  l r : t tc :  rnot ! : : r , io t ' t  you compute Colurnn D by addlng 2.OCO
to the f -3,:r,:s in c<.rl-r::rn B, a.ici s..u+-r:ctin.g, the f irlures ir: Column C r for each
year .

Tire ansl.ers' . l i l - I  f lueturte nbove ond below 2.OOO Just as tt iey vould f luct-
uate around. ICC if  €t i- : t3ss.cd in pr,. .ccntag:s.
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B, A DEf,AIIED OT'LTIIIE

llc, let m crparrd the rbove rumrrr? tnto a nore dctalled outllnc of o[htao
rtqlr t

L Bc gure your dsts arG lcorrrate end arc as hooptencous at posslbleo

2, For gerlorrr rork you ohould nert coavsrt your dste to logartthu. (For
purpoasr-,ot lrel|lrfrrary rc-connetrlncc you nay olt ths corrverclm to logarltlnrr)

3. llaxtl you thould chart the logarlttms on arltlmtlc lcrlcr (It you havc
dealded to prooeed rlthout eonvcrtlry to logarlthrur atlrt your en8\yElc bV
plottlng your dsts on retton ccab. )

b. Inrpcctlon of your chert rltl t€IL you rhat to do rbout edJutnent for
the grorth factor and rltt tndlcats rtrethcr you ahould rtar-b your rnslyrls rlti
the tnvcetlgatlon of long cycleep short cyclece or c,yclea of ncdlrn lcngth.

Thc tcrrno lona and ahort rcfer to thc length of thr rcrl.eg bctng ura\yrcdo
tflu deellng w$Tli thoGifiil'ycaru of tree rlna rldthrl the loru cyclu aight bc
thore oyer one hundrod yeers fn fangth; dceltng rlth r year of dr{y !0ock narkct
flgrrrea, the long cyclca dght bc thoae lotgcr ttutt e nonth fr loo

Inepeetlon of your ehart, or orro of the rlngle adJrnctc to ttre tncpectlon
whlch nlII be deacrlbedrln loiron VIr mayr even st titrlg atagee glve you r hlnt of
ono or mrc r\ftlnlc cyelear

5^ If your data arc chareoterlzcd by grorth; your nert rtep rllt bs to
eatebl$ tcntqtlve velues for the grorth factor! that le, to flnd itrend.i

Trcad ta a ver:f filerlble eoneept. There uc naqy trendrr Ttre trend tbat you
ctroorET[t be deteinma by the fcirgtn of ths oyclec you rlah to tavertlgatc
flntr For short eyeles or cyclec of rnedtrn length, you wlLI probab\y urG r novlng
aycrtge taaDdr or lrou nay dcctde rryon onc of ths ao-car I ed nethcnatlcal tccndr to
bc dlrcuasad latero

It ahould be cnphaalzcd hcrc that the trcnd used for cycle dcternlnatlon tg
pnobably gg! the trend that 1111 uttlnate\y b€ uged for purpoeea of pnoJqctlon.

6.^ Iou ncxt qrcss your dstt ae dffrrsncor fron trcnd (U yoo hevc convertcd
to loge) or at percentages'of trend (1f you are rulng ran dsta) tn order to obtetn
rhat arc aalled ggp$gg or Sgll$!19M1.

fhls procsrs glvce you data adJustcd for grorthr It eltntnrtall or et lcert
nlnlnLrea, the dlatortloru due to grmth. (Ttdg 1g the placc yc tro nqr la the
rDrlitr|r of atock narket ftgurelo)

Ttrlg atep nry ba a Ecesear:r prerequlslte for obteining trtnts of rShn. Or,
!f you beve alrcaf obtatned a hlnt of e rShn (step lr), tbla stcp nay bo a rtagc
ln ths pmcagr of l'rolatlon and evaluatlonr
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CI SOA{E BASIC CONCEPTS

At thta potntr at the rlglc of e llttle dupllcetion, I ronld llke to ure thl.s
ecetlon to splaln son€ baslc concepts rhlch you rLIL nced to keep ln ntnd nhen
lrou cone to look for cyelce.

Tlrc prerent aectlon ulll cover the follorlng grourdt
1. Ttre hrpoae of GYcIe Ana\Ysls.
2. Ttre Coneept of Tlneo
3. the Forces Crcatlng Illre Sgrlcar
lr. Synthesls--flrc Cofifnatlon of Orowtbr Perlodlc, and Rsndm

Conponentt.
5, lnalygl'-rhc s*aratlon of grorth, Perlodlcl and Randon coryonenta.
6, Ttre Concept of Rate of Change.

1o fbg Prrroo-ge of Qfcle An8frc1g

tr I eald ln the lntrodrrctlone 1t ls the prgpoee of ryclc.rna\yall to detecte
laoletcr snd deter:nlne the algntflianoe of the cyltcs (rrytnns ) tn a rerl'er of
nrders-reu8lly a ttnre aerlei. The algnlflcent- eyeler eo dctectsd ald lsolated
aan bc proJectea to thror ltght on the probabllltleg of tbe futurc.

Ar you doubtlegs rcnaniber, I lgrler ic an errsngensnt of nruibcra me after
another, rccording to Eone flxld pi6.-tnen the nunbera ere anqngld accordirg
to tlne occurreocE, the resultlng eerleg tB celled a ttns gorleg. Tlre nu$erg
that rnalce up I aeri.ea are called-the terns of the aer:[EEi E-are alco called
ltens or datao

Glcle arra\ysla (rtnfthn ana\ysfu ) $ concernsat a3mst rho\y rlth tlns aerleg.

2, The ConcePg 9]! tl*s

Tlne flora wen\y. Horovere tbe ftgurEs rlth wtdch you deal do not
n€cslsar[y represent ttrlg faot.

For cxanplee in dearlrg wltb dgqy_prlcc quot'rtlory you rllt often ftnd tfiat
no values er.c avalLebfe for-Saturdayar- Sinaayo, *d holldaylr o! fo1 d4vg rhen
the exchanqe lg elosed. Velueg for eich dq* rtust be eetlnnfed and lnt9rnglatedq

hnt6;il[; nsarra to lngert betneene ) Thri, lf the oloalng prloe.fo: sattrday
ig tO lna te closlng prlee for llonday le Ui_fou r11I bsve to eatlnate the
croig1e prlee for sunday. It wotrld G II. (rin, the prlce for gaturday plur-l,

hslf ths dlfference betnien Saturday and l{onday irfcea, eqtrals IL. Tc nse h81f

t.he dlffcrence because there t^s a tro-day tnterval lnvolvedr )

If the cloge for Frldqy le LZt and there 1g no grntatlgn fon ilaturtay or

SurdrJr, and lf the plce for Hoqday fr fo, .the esttn;tcd prl9c for Seturdqy rould
;ilti/ili"r srgrdey n i7l,--(:g'"rtt* i/3 tor saturdqy, 12 alnrra 2 tlnes 2/3
iorT,,"'a6.) 13 thi excn"h-ge li cosed foi e ueek ad a dey eII elght values
nrgt be egthated and lnterpolated.
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It rould bc mtrard throughout the oourae to refer cach tlrc to daf\y, reeklSrl
mnth\y, and ennual ntdera. I ahall thcrcfore rlrupllfy the elgoaltlm by refor-
rtrU to oe ldnd of nuriber et r tlru lcavtng lt to 5rou to realt"rc thet rbet ls
rald of rnontt\y rnrbera by ray of lllrrstratlon rorrld ap\y cqud\t to ntderg
rcprccentlrg rccondlr botrral dry!, or reekee or nunbort repreaentlrg lrctrt,
decrdcrr or ccnturLegr

3. Thc lgfccs grcatlne Tlna Scrlca

In eo1arcetlon nlth yorr rtudy tt rfll bc hclpf-ul lf-yor reall'te tist sry_tFo
qeqloc ary be lnflucner0by (a) rrorttr tggr urUor (u) Cgll$[g forccPr end,/or
(c) ranOoi forcsgr t$ my 

-emrnffi 
E-Earito, erg t:ffi ser:lcs eryreased ln

doirEi-Tloffiffife rallr ln doller!) lr lnflrrcnccA by olrangca ln pllggo - Heep
ln turrrr le lnflulneed fron ttr. to tttrE by lnflatlon. The cqfrlnetffi-of al.I
thegc forces creates the wentc rlrlch are rcconFilE the t|rp' gclcao

(r) orsnth Foreea.- -

Ttra tern Efq'rtb forocs refcrg to the forcerl rthgtwcr tbgy lrsr rhlcb nlcs
ttn aerl.er $ffiilcffitcrcsrc gradud\y ovor a perlod of tlnso Ororth ney bc_
porltlve or neggtlve. Porltlve rrortn reflrg to gradtral lacreare oYcr r pcr{od of
itne. resetlvi rrorth ffi dccrlnc over r perlod of tlns. Som ttne
eerles fficed by grorrth forcca at all--for carples baronettlc Prs!-
tllf9r

thst part of tJre bchevlor of a tr.B aerlce uhtch rca0tg fron tbc grorth
forceg actlng upon !.t 1g callede tntercbangcab\yr tne @r the CEE*!
oonpgrentr o! thc prqrth factorr

l -  - -

Ttre grwtb faotor lt ofton callcd the lggs& !E94. {g yoo borr trend noenr
thc prcv"irrog bndanot or dlrcctlqr. In gEEF:f,16ilI5 refers to a sultre wtrlch
ctrangca 1ts dtreetlon clo{y, or to thc rerlce of nuribera rhlch the curto tspl€-
scnti.. The wrder\rfng groilh 1r called Eeculg !ISl, f,ron a Isttn rord neanlgg
rnong other thlngal en ege or a ccnturlr.

fhc rrorth eleurgrt o! e tlnc rcrlct nsadr but Uttls d:lecusalqro Tlrc po,pule-
tlon or offirnffirealos gredurqy o'Fsr thc yeani Ttc populetlon of yoq. .
tornn rurycelco be lncrcaglng--ej nay bc gfadually on thc deollnc (1egatlvc Srorth)o
four Urutnegg fu doubtleaa-gfodng. nr- gwotmslt la gronl+8. Tt:3cg trc lirorhtr

:' Thc tlSruca rlth rhloh you arc rorklng nq uguf\y b" l|Jo"ted fol grorth
bcforc you ian ftnd rnq/or Gobte the rhfthnte tendanclea rh!.ch tro Prsgstt.

(U) Pcrlodlc Forceg- -

Tbc tarre pcrt_odle forcca rcfen to foreeae rhatovcr thsy ller rhlch.lnflucrnco
e tlna gerieB ffiIn rcgtrler reyer or oaclllatlqrsr rbo foroe that t€nds
to rnakc the ntnter cold and ths rlnmor hot !,! e perlodlc forcc r

A tlarc acrles rnay be lnfluenord by tno or lprB pcrlodic forcca at one slf tbc
lgno tLnoo Conslder ihc tldcg. A trna gertea, repreientlne ratc levela ln ter
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Thrt pap t of ths bchartor of e tlrne aertea *trlch relu1t! tlm the perlodlc
forocs actlng uporr lt ls called, nore or leea lnterchangeablgr thc pgllgllg
elolgnt, the pedodtc cglpggr or th. pgllgqg tsI,.

thc rord fector rperre aryr of the alenentc or quantltleg whLche rhen mrrltl-
p1led togetheriGffi a prodrrcl. The fact that thc varloru clogntg of a ttue
rcrlea are ordLnerlty nultlplled together orplalng rtV tney are ofta called
factorgr

Sme tlne certeg ere not lnfluenced by portodle forect. But neqy tlnel
gcrlss rtrlch you would not e:pect to be tnfluenc€d W perlodtc forcea got ag
lf they rcre lnfluenced by auch forcesl es you rlII prcsentlgr mer

(c ) Rgn$gr Toncea

Randjg foTc-e.g are haphazarrt forcegr

Tbere 1g no tnftnlte varlety of rsrdon forcea, ceoh rltb th€lr orn oharaoter-
lctice, If you put tnto a hat 1b0 cardg nufrered 1 to 100r drar at randonr 8Dd
plot on a oturt lhe vartoug nudbcr! lrou drsnr you rrlll get oae gort of curver If
ian of your I@ cardg are nuoibercd le tqr arl nrnibercd 2e ten are nusered 2t -!nd
30 m, b to ten carde nrlnbered 10, io* charrb rrlfl be gnttc dLfferent. tflthtn
the lianerork of thelr eharaeterlsilis, lurerere randon forccg are wrpredlctablee
and ao of course arc the fluetuetlona rrhlch they causo tn a ttm lerlego

Randon fluctrratlong rey happ€n to cons at norc or lcga regular ttD tnterrale;
but tf they do tt lc nerely Uy lirance. The reepbrlty rrllt rrot contlnuc, a,ecpt
by otrancet

Thet prrt of the beheylor of a tlne asrles rhlch rcgults f?on the randon
forcce actilg upon 1t le caIled, Dtre or Legs lnterchangeabll thc I9g1!$ gleteb
the rsndql oonponent. or the randon factoro The tem fa!!d94 factor betng nors- -  - -  - -
rtrrEEffieffiA-F; thoee gm the elenffie-ilLt-lplted together.

b. gynthesle--g$ goXDfnatlol 9f Orcrthr rSgXlS!!9r and Rqglggr,,Smqrentg

I ttrlnk tt rlLL help you to knorr tnrt to look for e,yclear rnd tror to bnealc a
curro donn lnto 1ts conponlnt partsl lf ue rtart rrlth syrrtheslg. $yatheals lt
the proeoss of puttrne thhge togetirer. tlhen thc ctrarffi:Elcs of slch pst of
the ryntheale are knmne such a oynthesb'cqrglsts of ggg$9}!g! dete.

lf your controlled dsta conglgt on\y of randon ntdsrs you hott that the
qcles rirtct rnay be preaent are rendqn. 

- 
If the controlled d;ta ffifgt tn^ part-

oi perlodic cornircnenle you knor thet a rlgntflcant cycle fu preren?r o?cn thottgh
lt ;ev bc too rhnt to 6e dEEFtaub.

Once you lom about puttlng the corqonent part€ togettpr lnto e ryrrthcsllr
the rwerso proceso--enalJr!19--1r duck lotrpr
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The botton of a rrevs la the lonest polnt of the wave end la crlled lofl,
lgltogr !go,tsh, va[sJ. lnterchangeab\yr -

-lryS.tgg la the hclebt of the top of t uave above tbe borizontal ard.ae or
the depth of the botton of I uevc below the horlzontel axle. tfhen lt neegureg
the hetght of the top abwe the axlr lt ts calred ooaltlve rlptl , tfhen lt
treesuree the depth of the bottm belorr the axla ltE
The verttcal dtctqnce fron top to botton le oalled the
run of the posltlve and negetlvr anpllttrdcal diaregardlfiE;.

Th" 349 1g a ctralgbt llnep rcal or tnaglnar?r arorurd uhlch the partg of a
rsro elre aynnetrtca\y arranged. A:res ean bc etther (I) lrqrlzqte!, or (2) verlf-
gg! but ln eycle ana\yela the rord ada refers to the noriffiIEle releeE-
apeclfically lndlcated otlbanrtse o

The &g83h of e regulc cycl,o (perlodtclty) Ls neasrrred (e) erorn thq lop of
one ueve to-[hli top of tln n*t, or fron sore other ftxed potnt gueh as (U) ttre
bottm of the flay€ or (c) the plaee rhere thc surro qroEso8 the arls ln en rryrard
dlrectlon tn golag from left to rlght (@), or (0) the place where
the curve crosoelt the axla tn a dornm@ofurg llm left to rlght
(donnt""d crottfttp). lfhereven you chooee lt, the f txed point for ' ltsrtlng a
rave lc called thC g&!. lgtronon€re and plvslelgts genera\y teke ttre uprnrd
crgsstne of a curve CeJhe cpoch. Buslnega atatlgttctanr, btologlrta, aqd cllna-
tologlats usrra{y tdcg clther the top of the rsvs or lta botton aa ep6cb.

The tern perlod 1g traua\y rrsed ln scienttflc rnltlng to dealgnate ttre lnter-
vaI of tlne req-ilFEii for perfoiro notlon or phenonsna to beate a Eycle end begln
to rcpeet ltaelj. Whel you 8re il€8llng nlth a rtqfttu lnstsEd of a tnre perlodl-
clty, the lntervsl of ttnc trour epoch to epoohr of corrsoe dlffere fron reve to
nsyoe Horreverr ttre varlorrg reyer have en aver3ge lagthr ltrlr avsre€s langth ts
cellcd the n4od € tbe llvttm.

Havlng got these deftnltloaa out of the raSre let u! pnoceedo lou rlIL ten€np
ber re rero about to coribtne perlodlc and randon conpqtrenta.

ftre rrndon nur.rberg are llsted tn Colrrnur A of fable 2o Tlrey ara t'lre aans
rsrdon nrders re trsed ln Teblc 1.

To the serlcg of randon nrdsrg let rrs nor add, ln logucnc€r the aucserglve
nunerlcs.l valuea of a perfectry reguler rlgzag chaped cyclc rltb a pcrlod or
lergttt of etght nonthp and rlth e atrength or arylltrrde of !. It€ succcegtve
valuea of thlg perlodlclty are recorded ln TabLe 2 ln Colnsr Br lbe run of ths
randon nunbere and the perlodlctty 1g recorded ln Colurn C. Curvcc chartlng
these varloug veluea are plott€d ln Ft€. 2, Cpvea A1 Br end C, rslpectlve\yo

. tot ua nor add to the rendon au$er wlth whlch ns rtertcd (Coturrr A) a per-
fect\y regulc perlodiclty wtth an arrplltude of 20 as postad ln Coltm D, pttlng
the aun of the randon nrnibers end the perlodlolty rlth ur 411tudc of 20 tn
Colunsr E and plottlng the valuer of bottr Cohur D end Colrrm B tn FIB. 2 ee Curves
D and D.
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lhc ruccoBrive valuee of 6bre A are 14, q, J+, O, 14, ctc. [bc Buccosslve
valueg of Gurvs E are f3, /t, -1, -3, -1, lt, 13, etc.

lhe coublnatloa le cffecteil by slnp1c adctltloa as rhorn ln laDlc 4.

llg. 5 rhorr tbe conblna,tlon of 3- antl lr'-year cyclcl.

In Flg. 5 the 3-foar cycle rterta out at ltZ, ons ad, a balf toars -latcr lt
ta iloun to -120 an ovbrall nove of 2tr polata li a ycar aad a batf, or 15 polnts
1a oae Jrcatr,

Slrtacn potnts dova fron ltZ'ta J+ aud. thcrcforc thc value for oao year after
baac lr Jr; the valuc for 2 yean aftcr basc 1r alao Jri J yeara aftar baac tt 1g
-I2 a€41n, and go oD,

8be tryoar cycle also balryrena to stert orrt at ltZ. It Boes iloun 24 polate
1u 2 yoarEr or 12 potnta tn a ye,Btr. lhtg gl.vee oao yeer after base a value of
O; 2 ycare aftcr bage s value of -12i 3 yeare after bese a value of 0; 4 ycarg
aftcr bese a value of ftZ, antl so oDo

To get a cmd,e value for the coablned. effsct of botb uaye8, .ouo nerel.y salds
the tro cyeles together as shown ln lable 5.

Flt. 6 shors thc coublnatlon of 5- and 8-year cycles.

The 6-year cycle gtarte sut at -20 and, I yeare later hag reacbecl lZO, J years
later or 6 Jroers fron tbe begtnalng, the 6-year eycle la dotnr to -20 agaln. llhlE'
1n each year the 6-year eycle goes up or d.oun 13 I/l pofnts. Consequegtly, ln
the ftrgt year after baee lte value ls L3 tll polnts above -20 or -5 213. ,In the
recond year lt bas a value ot 16 2b, la tbe tbird year lt bas a value of /20'
tn the fourth year a value of 16 213, otc.

fhe 8-Xear cycle ehotrn algo goes fron -20 to lZA or an oycrall uove of lr0
potats ln four yoars, or 10 polnts a year. Coneequently, oao year after baec,
ttrls 8-year cycle la at -10, anct ttro y€ars af.ter base, 1! ls at 0, three year8
after base lt 1g st /tO, four yaara a,fter base it ls at l?o, flve Jreart after
base at lfO, etc.

to conblne theee tvo vaveg onrdlely, lror nerely ei!d, thsse values algebralcally,
as shown ln [able 6.

lor eceurate vork and especlally uhere tbe rravea are large, tbe values
abtrld be ea'loreoled, as oercento^€eg anrl sbould be urrlttpllcd togetber. llbat le'
tnstead of aiatry, lZ$ io lZ6 and ea}llng 1t lW, you ehorrld get the value of
tbe crest of tvo 20 yaves by taking LZq' of L2trr| ublch, of eotree, 1r l4llF
Grlt(t. 

- -siirtarllr, 
the tro"ehr of tro 20 raves coulng togpthcr vonld bc 8of, of

8b/ or W, br 46fi) of trend. fou sbould rrake elEllar cmpntatlous, for tbs
value of each vave at each polnt of your osrleg.

(a) tlg C.qnbination g! Orowth tgl Pertcdte Comonents.



srolctJ EoprrnJ prrt cTpoTred qloq os$Bceq OOO'OI Xq rolceJ tropcer eql pce JotoBJ
oTpoTred aqt 'q1lror? 

;o lcnpold eq1 epTATp e1 'g '?TX uT pal€rlsnTTT 'g eTqs&
u; uea19 e.ra stroTlalnrboc aq6, 'ecual.redra oJTI Ttnlc€ T?nsn qlTA f,llcrognoc uT
Alreeu eJotr lTnser B le5 ol euop eq pfnoqs lT B€ qoTltc11d113ruu Iq esTl BFll lI
?uTop 'slueualo oe&ll IT" esTqtroo Aos sn ?eI 'uo11a.r1onTIf er{l elelduoc o&l

- - 5F6':ET€ F'EE q'TE6rc- 56 EoTffrrTE-od ffi (e)Elqeuoo'Eoc Bop..su Pu€ 
' 

. s'eur'nq aql Jo ozTs eqr Jo eealprr'er
'elduaxe roJ Ja@rs nI erou 005$ fou sT lI 'Tmm luelssoc e.dq ooaorouT lon
BeoP 1I 'relIrTA trT BT fT re^at€qn retrtrns sT e1qnop--qlnort eq1 o1 E6I[r?folid
Ff aeaeercuT u.re11ed T€uos€e8 cTpoTJed eq6 'qlqou B 0OO'OT$ requns uT .q1uou

B 000'5$ ere raluTA uT EoTBB .rno.t JeltT ereeA ue6 .BAolt sseuTsnq. eq;1 .alqnop
Jo te,rou qluos B 005$ 

'eI leq6, qlrrou B 0OO'15', .reuun8 qT ..ragu1n qT qluoq B
005$ err 89T38 rnol 'sseuTsnq qrleJc eoT aqt qT lJels nol 'eouclJadrc uno.rno.r[
01 EuroJsoc 8TrIl r€ql esTTtser 111n no.d ':{uTql 01 lsaqo8 e dols TTTA no.c ;1

uor'rn B sq rueerre crpoTrad "qr 
.a1rcs or*r"i:t;:*;oolutiflTlil' :3}lJItH

lueuale cTpoTred eql Jo epqlldue elnTosqo eqt e?re1 sT lueerlc qll,ro.r? oqt ueqA
!epn111due slnlos(1e TTEss a s€q lsace)Te clpoTrad 

"ql TT€oB sT lue@Ie q1no.r?
eql ueqA (uot1cc11d11Tatr Iq).[lll sF{l sluetrele .rno{ oqTqtroc no.d 311 l€ql elof,

'[ ps3 c
sorJnC 'L 'tI,{ ET Pello1d pue g pn8 C sutrrrloC '4 eTqafi| sT peprocer sB .etelueo

-red ? 8E peeee.rdre rlueuela cTpoTred er{l Jo enlsa tu;puodseJroo eql trq lqauale
qpor? eql 9cTluesarder enlra qcaa Fie-T[dTIF pel eA JT oIlsTTBer elou seeq e^q'e.rogelaql 'pTnon Z eTqs[ Jo C uunloC uT pelnduoc 'uaap lsnf eldurre eqil,

'se9e1uec.rad 83 pesBe.rdrr lueuale cTpoTred eql ro/pu:e lua@Ie troptr"r eql Iq peTld
-Il1ttu 3q pTnoqs |uetrs1a qleor8 eql .811anen 'sI l€q;, 'uoTlacltdffpu Aq eulquoc

.d11areua3 sluau)Te snoTr€^ er{l 'suo11rtr11e l€ar tullueeerder sreqEgru uJ

. L '?Td Jo C er.rnC trT pellold pur 4 etqe&
Jo C utrnToC uT pelsod a1 lfnser eqil, 'tr11eee elotr cTleuqlTr3 eql AoIToJ lrac

nol l€ql os uollTpp? elda;s Iq epetr sT 'srequnu EopurBJ pue qlnori Jo uoTlsqTqtroc
aq+ uT 8a 'eone1su1 8TII1 sT 8lseu{rle cTpoTrod pse qlnort Jo uoTl€ulqsoc eq&

' L .?T{ Jo g ear\? se ueql petlold ptra '4 eTqe,l Jo E uuarloC ttT elueuodnoc
cTPoTred eq1 gio BenT€^ eql peleod eaetl I 'eBTl relJ€ eu4l '.6llrr1nler 1ce;red

qlTA leeder lT edtqs er{l rerel€rtA lsrp tuleq 1u1od sTql la lue@JTnbar trTuo
eqt fsadrqe go AlelJBA E Jo euo Ita eatq plnoo oBT€ luauodnoc crpolred rn{)

v e^Jnc 88 Eeql tqTllold pse l, elqsI| Jo v uunloc uI
uopuar BUB q$o.rt tuluTqltoo eldunre eql sT Ba pueJl

'tr1tc11dtrys JoJ 'laq .Bea,rnc 
alo Ale1r?a ? esn pTnoc eAt

cTpoTred gm qlnort senTqEoc gcTrp.l Broquntu Jo BeTros

'L '?Tr Jo
sanlaa eql tqTleod 'elequnu

euTT 1qt1er18 B esn IIIA or
luatrele q1rrcrt egl rotr

' glqogodsoc
? 1CnJ18UOC /rOU 8n let

6t eFaA
a uosEeT



IresgOn V
Pa€e 14

rers cRpressed as percsntagea, vhich ln €ach ca^s6 tntroduc€ I allatortlon of a
luntretl' fold tn the regul.t, llc adJuet for thlr rtlatortlou by dlvlrltng Dy 100
ttnes 10O or by IO'OOO--that 1g. by polnttae off the ansuer lour Doro placea to
the lcft. If ue tEd erTr€gled, thc pertodtlc faetor anrl the rand.oo factors as
F.sttog (by potntlng eacl of tbcn ofl tvo Doro Dlaccs to ths lcft) ye-,r*fa-oot
bave naed,ed to nalce thls ad,Jnstnent tn Coluna D.

5. Anal.vll!--$g {epgrqglon g! Orowth, Perlod,lc, SEA Eandpa CoarcoEgntg

In the prevlore sectlon you bvc becn coucGrnerl ulth tbe tyatheslr or puttlng
together of thc tbree barls cooponeata of ttrnc rcrlss, tou trlll rocdber tlat ln
any tlne reries the threc cblef conponents Ero--{r ray be--tho groth oootrnnent,
tbc perlodlc couponeat, antl the raodon couponenti

In thla eectlon we vlII conelder +na1yals.

'!Ihe proceas of anelyaia ls aercly the rrycrac of tbe procors of eSnrtbeale.
tlbcrc tbe coublnatton of tbc coryonente vee Eaile by adding you can talce tbe cou-
blnatlon alnrt by srrDtractlng; vbere tbe eoublnatlon ues uade by mrltlplylng,
Jrou ean talce the conblnatlon apart by dlvtelon.

Iu deallag ultb coutrollcd d.ata tha procoes le vertrl elaplc, becauso you kaor
lu advanee the cbaracterlgtleg of each of tha conponents. Tbe +nelysla of con-
trollcd data ie therefore uerely, Ilke synthesla, a aatter of el4lle arrthctlc.

In dcallng vlth data fron real llfe yorr have Do euch ca,sy problo, fou bave
to egtlnate rhat the trend, factor probably was. Yorr have to eetlEate tbc pro-
bable leugth, ohape, allptttude, aDd tlnrng of the perloiliclttee, If a$r' rhlch
arr eloentg ln the data, l\rther, yfl heve to flgrue out hw thcse ?arlotlt elc-
nenta have conbined--for cranple vbether by additlon or mrlttpllcatlon, or ln
rono othar vay. (Horcrer, tn the abaencs of enrld,encc to tbe contrary, yol ceD
asrntne coblnatton by nrlttpllcatlon. )

Ftnarly, fo have to egtlnate thc probablllty that the obgcrvett rhfths aro
the roeult of perlodlc forces vblch can be expectedt to contlmrer or ere tbe reeult
of raadon forcea rblch ean be aqlecteil $[ to contluu,e.

lhe rest of the eectlon vi}l outllne tn a general uay hou to 8o eDout tbe
problen. Lasgons rhrch follor u111 go lnto detatl lu regard to uethodg of
flndling and. leolatlng the perlodlc corpoaentE.

(a) fhe Separatlon of OrovSb antl Eq$do* Conrconente

If yotr caa be &, ao perloillc elmentg are prseent ln a tlne'aerlee, tbe
eeparatlon of the grotrth ancl ranrdon conponente ls qulte oasy.

r.tltb no perlodlelttes preeent the grouth factor ean usually be detenntned
ulth a gooFClaf of accur""i ty rethode rhich rl11 be dlecuesed latar. ft ls

also reLatively eaay to eetlnate the ray i.n vhlsb the rarrclon eleoent and' the
grovlh element coroblned--wbether by adartion or by rnrttlplleatlon or ln eme other
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lbc trouble lr, ln actual llfa, yor do not knov cltber tbc trcad.E tbc
pcrlodteltteg--you bave to flad then,

Tbe raet of thlr courlo ulll be largcly conceraed ln tc1llng you hor to flndl
thcn, hov to lrolatc tho, anit how to waluate thel.

6. f@ Conceot g! Ratc g! Chanse

tbcn cyclea are conblnerl ylth other cyclce aad/or tread re oftcn beve tbe
ettuetton nharc thc trend antl/or the other cyclat arc Dora porerfirl fle'n tbe cyclc
1n vhlch yorr arc lntsreste0. In eucb e gltuatton tbc oyclc Eay a4rcot ttgclf
lercly as altsrnatlou ln the ra?,e g! ctranra of tbs conblaed rcrlce. |Ihat 13,
tbc conblncd. eerleg y111 60 up faetcr aai lcsr fastr or go dovo feltcr or leee
fgst,

fou r11I ba glven a problo to tllustrate thlg fact.

If the trcnil and/or tbc othcr eycles ere stronger thqn tbs cycls ln ublcb
you are lntereatcd,, your cyele efunply cannot cono througb to a crsat. It ulll
crp"oss ltself aercly ln ratc of change.

Convereely, uhen you aro looklng for cyclee ln a currc (or a rcrlea of
nunbors) vhlch lnereaseg or decrcases raplilly, you do not look for ereate and.
troughs or eren areas of hlgb and, Iov, but for perloAe of nore raplil ratag of
grovth folloved by perloils of lese raptrl rates of grorrth.

* * t l t t t *

. Aftcr you havc stuttled thls lesson and vorkeil the problos you vtII hgve a
prctty good. nastery of aone of thc baglc eoneepts ln regard to cycler, !!hc aert
Ieseou 1111 tell you how to get hlntg of cycles ln gertee of ftguree uhlch nay or
nay not be tnfluenced by perlod,ic forceg.
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TAEIS 2

A 8erleg of Randon [u.ribers, Togetber rrl+,b a Yarlety of 8-nontb Perlodlcltlcg of
Varlour Arr.,'*r.lltuile;, and Thelr Cmbtnstloa by Aildltlon,

(A) (B) (c) (D) (B) (r) (c) (s) (r)

8rn of
rardm

8un of An nunbers

8un of
radm
nuuberg

8un of
rapllm
aunbera

An ranclm 8{ontb ad tbe An and tbe Aa anil the
8-uoutb nrrnbere cycle 8-trogtb $-uontb 8-rcgtn 8-noath 8-nontb

cyele end tbe vltb au cycle cycle carcle cyclc cycle
Montb Ranclon ultb an 8-rcntb aepll- vttb an vltb an rdtb ultb an vltb aa
nuuber numbere aupll- cycle turle auplt- auplt- aupll- auplt- auplt-

tude slth of 20 tude tude tude tude tude
o? 20 or lro ot lro of 8o of 8oof lf aryIt-

tude
of lr

(col.  A
plue

Col. D)

(col. A
plue

CoI.  F)
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Plug

Col. B)
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o
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1 2
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27
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10
20
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o

-10
-20
-lO- ' 0
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o

-lO
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0
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-32
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JrE

2
32
n
6,
66

'32
-97
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L7

20 29
ho ,,
2 0 2

O -20
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40 -5ll
-2c -23

- - 2
20 12
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0 6 6
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A 3-Iear Cycle, a b-fear Cycle, andl lbelr Conblnatlon by Adldltlon

(A)
3-year

cycle
T

-h
J|
12
4
-b
12
-b
-lt

(B)
11-3rcat

#
(c)

Cobtutlon bY addltloa
(col. A plus Col. E)

i-t#
I

J|
0

-b
I

Eaee lear
znd It

3rd n
btu il

'tb n
6ttr tt

?th n

8tu n
gtb rl

0
-12

0
t2
o

-12
o

12

ctc.

TABI.E 6

A 6-Iear Cycler otr g-Iear Cycle, and [helr Coubtnatlon by Adilltlon

Baae lear
zDd tl

3ril n
lrtu n

'tb n

5tn r
?th n

8tu n
gtb n

(A)

6dear
cycle-
_20
-5 z/3
6 zls

20
6 zlt

-6 z/3
-2O
'6 zl3
6 zll

(B)
8-'Iear

cycle-

-20
-10

o
lo
20
10
0

-10
-20

etc.

(c)
Cmblnatloa bY adilltlga

(col. A prua Col, B)
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IABLE 8

Grorth, Perlorlte, anil Randoa Factors andl 1belr
Conblnattoa

(A) (s)

Perlodlc
factor

(an 8-no.
eyele)

expraaacd
88 pQf-

centagca

-E---

100.0
120.0
1b0. o
120.0
100.o
8o.o
60.o
8o.o

-r-t-

loo.0
120.0
1b0.0
120.0
100.0
80.o
60.o
80.o-

IOO.O

etc .

120.0
lbo.O
120. o

(c)

Bandoo
faetor

cxpreaeed
a8 ltcr-

eentagea

--
lol.o
l0g.o
115.0
8a.o
80.o

108,0
76,a
97.0

l ,@.0
92.o
bz.o

125.0
165.0
108.0
83.0

105.0
11?.0

ILb.O
93.0
8e.o

(D)

Orontb factor,
tlnce p€rto-
d1c factor,
tlEes randou

factor.
(col. A tlaag
Col. B tlnes

CoI. C
: I0rooo)

f,lontb
nunber

--;-

2
3
I
,
6
7
I
9

IO
u
12
r3
llt
r5
r6
17

Growth
factor

IO
u
L2
13
Ill
15
16
u
r8
I9
20
2l
22
23
2b
2'
?5

10.1
lb .4
19.3
12.8
IL.2
13.0
7.3

L3.2
18.11
21.0
l r .8
31 .5
35.'
L9.9
12.O
?L.2
30.ll

l2lr.5
119,8

9L.'

9r
y2
93

8a
8l
8b
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Flg. S. Thc Conblnatlon of J- an{l lo-nonth Pcrlodloltlcr and 3-, 1O-r
and l{-rctrtb Pcrlodloltlea. The Conblnatlon f,ag Iadc Dy ^nddlltlou.

CuncA  Ag -61 t [ oyo le .
Ctrvc B A 1O-uonth oyolc.
Quvc c Conblaatlon of g-nosgx Dlur 1o-Eolth oyolea.
CtrTO D A ll-tlonth oyolco 1
Curro E Conbtutloa of $-DBtbr lO-tronthr and lt.'uontb o!rolc!.

Tht! ohart, lltc Flgurca 1 and 2r lllugtrates analyrle as tcll ar
ryntbcrlr. If rc bad etarlcd ritb Curve E and rubtraotcd Currc D rc
rould havc obtalued Curvc C. ff, fror Currc C, rc had subtraotcd
Gtrvc B tc ;oulil havc obtalned Curvc A.

, , l c^ r7 r  NU' " -c6
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Flg. 7. The Conblnatlon of Trend and a Pcrlodlolty Dy lddltlon and
by l[ultlplloatlon.

Curve
Curvc
Curve
Curve
Curvc

A
B
c
D
E

Trend..
Ar 8-nonth oyole
?hc oonblnatlon
AD 8-Do!th oyclc
Thc ooublnatlon

crpreased a8 pluc and ntaua valucl.
of trend and oyole by addltlon.
crpregged ag pereontages.

of trcnrl and oyolc by nultlpllcatlon.
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Lesaoa V - Problcoe

Note: Pleaee return thegc pages vith the data fll led. iD, along vith the aeceosary
cbartg.

Problea I. Ia this problen logg of controlled data are ugcd, ho c;relcg are €BvsD
onc four y?ars long aad oDo eleht yoan long.

l1.r -t: Conbinc the tvo cyclee. Renenber thet eycleg are conblned by nrltl-
pllcatlon, vhleh Deang that here yotr add the logg andl eubtratt 2.OOA. Sub-
trecting 2.000 la the ranc as divtil lag by I00,

$.cc.op!: Assune that trenil ig 2.000 1n tbe ftret year and lncreaees by ,0005
e year, Conbine thls trend ulth tbe tuo cyclea, Space le provliled belou.

A B
Year 4-tear 8-f ear

Nunber Cycle Cyc1e

DTSA
c

Syrrtheele
ll and 8

Year CYcIcs

2 . O *

D
Trend

E
Syatheeia
Cycles and

llrend,-
I
2
3
4
5
6
7
B
9

10
11
L2
l3
14
15
T6
L7
18
1g
20
2l
22
2)
ztl
25
26
4
28
4
30
31
32

2. 000
2.od+
2.000
L,996
2.000
2.0011
2. 000
L,9g6
2.000
2. Odl
2 .000
L.996
2.000
2,00t+
2.000
L.996
2.ooo
2,00ll
2 .000
L .gg6
2. 000
2.aal+
2.000
L,996
2.000
2.ad+
2.000
L.996
2,000
2. 0d+
2.000
L.996

2,Od+
2. 008
2.001t
2.000
L.996
L .gg2
l.9g6
2.OOO
2.001+
2.008
2 .O*
2.000
t .996
L.gg2
L.9g6
2. 000
2.odt
2. 008
2.001+
2. 000
L.996
1.99?
t.996
2.000
2.0d+
2. 008
2.od+
2.000
L.996
L.992
l , n6
2,000

L.ggg5
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problen j, Folloging ia a 4-veek cy.cle aud a gerles of ralrdon nunbels. Tbey are

erpreesed aB Per cent of trend,.

rlgst: comblne tbe cycle and tbe ranilon cerleg.

l leek
![unber

S.gg!,: PIot Curves A'

DASA
(Per Cent of llrendt')
A

4-l{eek
CycIe

c
Syntheeie:

lFUc€k Cyc1e
. &- Ran{on NUEbcI!

B
Banilon
lfu.nbers

I
2
3
4
5
6
?
8
9

IO
I1
L?
r3
I4
L5
15
v
IB
19
20
2I
22
2)
24

LWfi
I00
n

r00
103
100
n

100
103
100
97

100
r03
100
n

100
to3
r00
97

I00
103
100
9?

r00

3, antl C on 8l r 11

Ltofi
r05
90

103
95

110
93
93
85
93

103
103

90
93

103
110
I lo
110
110
105
90

I10
90

IIO

9ue-stign: Althou€h the bottorn of the cycle

t'Ue act"af botton of cyeles and rand'ong is

Ubst bappened to tbe cycle in Curre C?

paper (encloged).

lg erlrresaed as nfi of troad,
f of trend.

Probl@ 4. Ihere aro tvo perfcctly regutar cyclee to De conb{dlcil' - Ptl- tlt l! Iogis '

lrhe filst cvcrc 18 I il"tl-i"i,e ;a ug i'varus at top oi 2'o?5 la tbr recoril

ueek, The botto bas a valuc ot l'95, ?3 veeke later'
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pe.rlnbal suTl 3ro t11?ua1
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.pelJr]xs

prmorc esoc seq 6-Pr::[@ oq1 TTltm
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€ p€aqg peqcuT efi.q TIT4 1T eo1c.(c $ auo? Btq 1T aulTt aql rtE 'uo 08 plftt
.f"ll gj .se1c.f,c oarql uT 31aer.r 

1' pcaqo pa-{ouT o.duq TITr.l 1T solc.fc ortl uI
,a1c.rtc raci :i9a n Z' trq peaqp seqcuT alcAo :leoA-Z'5 artl lcqt oaJa8qo TTT'|t rlol
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Problen J. 0n xrlrlay, Septenber 10, L95l+, Eethleheo Steel closert at ?6 518, 0n
ftonday' Scptenber l3th it closed. at 79. Inte4polete cloeing priees for
September llth arrdl September 12tb.

Problen 5. Conbrne the follor*lrrg:

A trendl rYhieh etarts et 2.000 ancl lncrsasea .OOJ per yoar, and

A 4 year eycle rith an anplttude of / OO1 atarting at cregt, In otbcr uorcls
cycle valuee ,v111 be 2.001 , 2.@0, L.ng, 2.0@, end repeat.

PIot the result on arithnetic paper.

Hm Iong d.ld rt take you to study tbe leaeon?

[ow long did. tt take you to rork the probloa?

Is the lesson uaterial clear? If aot, untlerllae ln retl the phraees or
geutences tbat rrere ftard to rrnderstand..

Do you r'lant more problens?

Do you rant barder problens?

Pleese keep us postecl ln regard to all theee natters urtb eech leeeon' 8o
th&t ve can regulate the corrrge to suit your needg and d,eeires.
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LeEson v
Supplenent I
PeBe 2

fupplernenttnq thls ansuer. on. etudent urlt es :

Pnobt atn: Deterntne the secondart eycleg thst are generatecl uben tvo regular eycles

of d,lfferent lengt'hs are conblned.

Bul e Vben tuo slpalg of cllfferent frequency arc conblnedl tvo nenr frequencles
(frol e^re generat et13
o3le.- (a) a frequency cqr:nl to the sun of tbe two orlglnal slgnals

tronlce): (t)  e freErency cqual to the dlf fersnee of the tuo origlnal signals.

AEDII- (Note that e l$-nonth eycle bag a frequoney of Llt+ eycle per nonth)

cailoil-
A [-nonth cycle conblned wlth a 6-aontb cyclc rtll gencrate-

(") a cycle havlnq the frequenc" of I l4 I Ll6 = 5lt2
vhlch neans 5 cyclce !n 12 nopths or a Z,4-nonth cycle'

(U) 
" '"y"f" 

ianlng the frequeney of lftr - t 16 = LltZ
vhich nealts a l2-nonth cYc1e.

Srnrbrly a conblnatlon of 4 arld tponth eycles u111 generate a

2g-rnontlr cyele antt a 2.Z-lnoDth $ lZOl cycle.

Conbinatlon of S ancl 6-nonth eycleg vtll prodluce a 3O-uonth cycle

and. e Z,7-nonth (rr/ lo) cYcr e.
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Lesgon V
Suyplaent

Qrest l on :
lfhy are cyelee not aluaye equlaaFlltudlnal?

Angvers:
Eecause the arlg lrart alvaya tn the nldd.let lhtg lgnrt

a enart Alec ansver' rte gtralgbt goods' '

It lanr t the cycle tbat t ; off, lt t g thc axls or trcnd.
Ihe gueatlon ghqulat really be, Dlf\y d,oesnrt the trenil alvays
bl r ect tbe cyele? tr

tlborc ar:e nany ansuers to tbst oDe' aqendlng uBon hor
you coDgtnrct the trend. Eowervor, lt ls enougb to gav at thls
polnt, tbat, lf yotr ulsh, you can alvaye aiJuat thc trmil qp
or dqvn so that the cycLe u111 be equlanplltudlDal.



. tor ro iltl IlI9.a e.Ic.ril .ql 1. TreJ 1T rqlilA Jp ttolprrEcr {..i1 3
rr ilol .ql aoq. rtlllrTPro DTlbr no.t c^ra '[..PT !. qcnr Jo arn+clal . tuTluD rI

.rftIpiet ql !..,|+.q r!(rl?oq F3 s(lol P.ants 3 qclqlr qlts.f Isuoll.erJ to .^3tr .
n tl.n f.t.a ltrroc nol8 salcAr peuot!rco rll olul C a.ftC Ealtrruq u1 1ng

.rt3||e?rrI f,11cre +. rIuO c..ql ro1d grroA tFI F3 '101d p3toc noit 11: tI lrql 
'

DEa laea leil enlar auo ltlo eJriq g[no,i noi( clrp /t11aea ;o ernlBu eql .fg

.q E rqorc uT a crslc o1 r3nr4r eult e qlIA +relt lqtF nol--:!l!!
f|rpt .tll qde +ro+r loq oD no/i r.Tttr .ITl e 8c1zi1mr sri no4 ugq|l :lca.e'C

.soT+ahr.rr rTql
uo relolc lnocoihoc atn olfr3cll txtl '.lolal .ql snanleq .Grt IftA .qlnorl !trr
l1rqt cql raaaa E a !I lcn lnrrr nort '.lu.aofut .1T o1nl clrop 1T {rerq 01
tEltrtl art iB. (auo frnlcr u. to frTuult q .ql f,rIm3! lI reTqore sTql ,o Da'

cql) relrA onl & uotlGlqDt . ..T qclql .rJnc 3 qlIA tql+rel3 ar3 no^ tl

.qaD .ql uT q.lr 01 ?cIoC 3 ca.tl r. .u gtrbr nol qtnoqlF ' qtnorl
.td faed pflu.r qr uf arrp s3. no/! ro tabl latt . .Ir ur. no/t ttluTPs.r f,1trree

.ql ue.nlcq {oc q3TqA €solloq F. sibl qlTr .l3r 3 Jo gstlc e tutr.rp uI

.q3p .ql to erulltr rrll !I .Trl+
. qro fT{..a Iot l..r r.al tETP..r .uo lluo .T .Icql eaTljire tm+ir uf 

' 
:8i65

t nmora ul(Ev

$ preld{ttg

A TOEErl

g rdulo&s
d soseyl



tcggon YI
Page I

LISSOIT VI

ll3,: 1'0 Gur Fnfrs 0F crcl::s

U0lt !O IIAXB Ain Ufili TF lIIC.l CIIAR!

A. ll01' |Io GET FI]n'S otr' CTCLnS

it ls usua-Ilv easy to ftnd. rhytlrn ln a chort of a gerler of mrsrbs!6' or cten tn
the nunbcre thoneelYes.

llhnt l-e, look &r

A study of the curreg Bo far proeentecl vhere ve knoE a tnre perlodlclty 1e pre-

eent--beeo.1lne lre lntrodueed lt by eonetnretlon--ghor'rs us uhat to look for trhen wa
exrlne a serles of fl.qtr.res of actua,l wento vhlch rnqy bave beeu lnfluenceil by
rh',-tluntc fofces--or nay not.

Ct'cles orclinlrll" lncrease graduslly over I perlod of tlrne antt then 6ladually
tlecrcase arlain. Ordinnrlly ttey are nOi, sud.den upsurges aud tlovngurgeg.

lioreover, cyclco are or{ln".rllr pulled. one trav or the other attd/or polTted up
by rnnton elerrents enct by other eycles. Therefore r you caanot a-qlect perfeet_lcltl-
Irrrty, 'or oqpect the cyt le to prcvai l  consletcntly. lhrrn back i6 Leseon V, FtGs.

2,3,  l l .  5 ,  6 ,8 for  exal rq l les ln  eontro l led data of  a  tnre per lod ic l ty  0 ls tor ted
by othor perlocttcltles antl/or rarrdon nubera.

the thlng to look for le tho Dgff.sgl&g reBular pattemr (perlotllclttog) to
uhich thc upa andl dorrne 6f vour tlne saries nost nearlv confonn. This le tl,.e con-
eept for l:rck of whieh nar\y cycle atuclents have gone ltrong.

To l}lugtrate, sn:rpnoso you hryc a tine'aeiles vlth the iollivliri.vniuei foi
eu ice is l ve  yo . r re f  o ,  1 , ,  O ,  -1 ,  o ,  I ,  o ,  - I .  o ,  l .  o ,  -1 ,  -1 ,  ; i r  - I r ' -1 ,  0 l  1 ,  0 ,
-I ,  O, 1, O. Thtg seriee iu iharted 1n Fle. q. I t  bas ua"ee 4. t+r 8, and tf  yGsrs

lonq, eorntinc crest to cr"et, respcctlvoly. Corrnt inq erortg t te lrevc f lve crcstt.
This dves us forr cyclcs, f i rst cr-Et to^last cregt. I t  la 20 yecrs frm thc
flrst crest to the last one &l+1a1+ = 2O). lltth four cyeles thie gl.voe aD Erqll€a
cycle len-th of ftve years. fi.q- iQ eh6vs ths tyoar eycle ln conpnrlgon rrlth tbc

ortg3nal crlrye. Xxeetrt at thg tuo ends, a flve-ye€ur cycle v111 f&il to conforu to

rtrott lo.'. liut a perfectty rc'rrlar . four-ycar elele vtll confom eractlr to threa of

the forr cycles--ir1th on€ eomlete'nlss. SG6 8{:.-'1,L. the qlven ftquree conforrn
nore nearlv to a four-v€ar nattsrn, lD aplta of tha ulee, tbeD to a flve yortJ oD€.

Let ne .rlve you another exanole. Ilg^-13'
,L---.  Let us predict,  on thc baele of clrclog,
to thc eagt.

shoirc a stroet plan of the etty of
the probable rpaclnc of the ttreets

It ls perfectl,r olrviorrs tbt the etrectg consi accor"dtne to t$ leale, 200
feet (.nerpba1f lneh on the nErp) exeept at poeltton & on the lcalc, where soac
ble bullclinr on a ptrbllc squnrs lntern4pt the re.Trlu eeqrreneo. fbe tfplcal
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Lesron YI
Parp 3

1. Inspeet lon
2. Countlnc lntenralg
3. Thrurb and. pencll
4. Oradrrnted, geale
5, T}e Ttrre Cbart 

,
1. InrDae,tlnn & A licnnr g[ 9fJ.trnp lilntr OI Cy"J. &qtrelb.

Ths caslest vqv to ftnd. rttythrn ln the r4r srrd dotmg of a surve ir by rirgrle in-
apectlon' ![htr nethod taksg a llttle practlce but ln aany lnetaacel, I flntl lt adc-
o-uato.

If you look at Currs I tn Flr?. 2 (legeon V) lt shoulit be pcrfcetly clear to you
by lnspectlon that the curvc fluctrrateg ln a rhythn about 8 nontbr long.

Thc !at!s eycls rhoulil bc alnogt cqually apparent ln Curre G 1n the lano ftgure.

. llhe log Curvc (rt) of El:.-Jtr of thle lcaaon
(lerroo Y).-  Selor l t  (E) 1r the rans cunc vl tb
tralncd eyc lces lmedlatsly.

rqlroduccd Cu:re O of
a pencll l lnc to rhou

r'lt. z
uhat the

It ls roncttneo easler to loo!: for lovs onlx, aB tn Tlq. 1l+ Curve C, or for
bleha only ar ln F1:. lll Cspc D,

As thlg eutJect le so trportant let ug loolr at lore cxarnoles.

Trg. L5 sl'ovs Cunc 5 of rlt, 2 (Lceeon V) as tt ls and, ae thc tratnid cya rocr
It, elther fron looktnq fron lorr to lorr enrl fron hlqh to hlEh, Ecrcaftcr, to sayo
lpace, I rhell ghor uhat thc cyc rees lorr to lov !t, hl8b to hlp,h. Iou rhnrld. ree-Itze
borercr thst the cyclc analyrt ulll looh at cvcry eurrc froo loth polntr of vlcu a!
ln F1:. Ilt anit llg. LS.

Iou ean often cce ccncrel rhythna ln thc lanc cunc at thc lanc tlne. 31,?. 16
lg a tyrthetlc cutre nrade qp of s 9-year ctrile and a lpy-ear cycle ln conblnatt,on,
fou ean lool: st elther eyelc at :rour ogrtlon, d.leregardlng the otbcr. ltbc ccparatton
le very ealy trhcn one eycle lg ge,veral tiner e,s long as the oth€r..

l.trin the connonent rhythng arc of noic noarly the sane lcn3th, E! tn Cunc A of
tr ' lq. 'L?, thc seoahtlon'lE-norc d,lff icu.It, tut ulth a l l tt lc practlcc lt tg not too
hard. clther. Cnrroe D, C, anrt D tn Flq. l? ehov thc thrcc dlfferent rhytbe vhlch
thc traluedl oye sees csatly ln thls sunc.

Seelnq d.lffcrcnt cyclae ln thc rarno surre 1o aonethiug ll!:c foeuelng- your Gycs
on dlffercnt obJeete ln the ramc vleu. Eold. your hand ln front of yorr nnd fosus
oa lti the other sld.e of th€ roon le blurred.. Socus on the rrlnd,ou curteln; yout hand
}ccornes blurred. Poeus on the vlev gtrt the wlndov; both tbc hand antt crrrtata becoac
blurrect . 

'I3 
ts the rane uhcn yor look et one rhytbe aad. gut other rhythns out of

your oycrr &r tt verc.

Fll. L? ls lnteregtinq for another rensorl. Ig ls nrde q) gurely of randon
rnrnhcrs. Tho obgenrod rhytlurs arc pGrfectly "q^1 tut they arc not !.ltl1jllcani.
Thev v111 not contlmre. They ere horreror nonrlv ag re.nlar as the rtrythr ln Ourvc
'; 

ln trit. 2, aira rnrch nore rerrlrr tlull the rhvthdr ln Csac C ln 81q. 2, wbere, la
both tnataneao, ve lorov tbc rWtba ls elgriflcant, bocausc lt la thcre by conrtruc-
tloa,
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I f  v o u  n o ,  g r o u ?  b h e  t , r . r o  Z r s  i n t o  R  4  v r e  g e t  3 1  3 ,  l t ,  4 ,  2 ,  3 r  l + ,  3 ,  3 , 4 ,  l l t
3 ,  or  verv consiCerable roqul r . r i tv  inr teed. .  I ro ' r  t ,he tou of  the f r rs t  erest  to  the
lo ' r  o f  the Inst  eregb Is  40 yeers,  In  t l ,cse 40 yerrs  l re  hrve lZ rh.y thne,  l lbe
aver . f . -p  len ' th  of  t le  e: re l -e,  f rorn end.  to  end,  te  l+e l |Z = 3_Lb Jr€ers.  The f inr reg
rr l I l  fr t  a rrerfect lr :  reqr:1rr 3-113':o1r rpriorr. iei t ' r  r .r i th t lranatre corresnor.d.ence.
(S"" Ft,?. 18 Curve I).  3ut here a.?i ln I  hrve fed. vou a serles of rand.on nu$bers.
tr ' lq. 18 ls ld.e:rt ical rr i . tb C,.rrve A of I ' i . r .  ?, as you ma:/ beve notleed..

As Fiq.  IB ts  randon the 3- l -b  nyer . r r revc le,  Rl thorrah real ,  is  not  s iq : r r f ica l r t
:utd ui l l  not eontln'-rer .ac 'rou c:rn seo for yourself  by courtrn€ inbenrals between
cre8ig on the rest  of  tbe crJrve tn Piq,  2 .

3. 
nThurnhine'l 

aE a l ie.?ns Of o.pttine Fi.nts g;[ Cvct p Length.

11611, l r i ;  us consider an Rct,ual  e1311r le.
c r e s t  t o  s p c s t  v e  ( € h  t h e  v e l u e s  3 1  3 , 4 ,  t r ,
vaLrr-os h ' , .ve been nost.c l  to the charb and the
h.rve l leen mrr lced, b ' /  a vert lcal  l lne.

To t 'e111 the eye io  see t rhe. i ,her
ab lv  eo . r r rd . i s tnn t ,  1 .e . ,  r ) ^v t tn i c ,  i :
6f 116111 thrrpln^l1 eealnst  t  nencl l ,
t o  q e  I  n  f i r s t  a n . r o : i n s . h i o n  o f  t h e
Of Firr .  2 rener. tet t  s l lCces.gi .velr '  : . '1\h

I t  i s  obv ious  iha t  th rq  lenqth
I  r r s ' t s  t l " o  q u c e e s r t l v n  r o s l t i o n s  o f
cunre nuch bet ' . ier .  

(

Lesson VI
Paqe 5

Consrd.er Fie. 18 Cur.ve A. Cor:: l t ing
2 ,  3 ,  l l ,  ) ,  3 1  4 ,  2 ,  2 ,  J .  I ' h e s e
terninal poinis of the various vavss

or  noi  succesgl r re erests  (or  tops)  
" " "  

teAeoD-
1g of ten eonve.n ient  to  mersure of f ,  by means

r ,  f ixed d. is t , \DC€ f rom the penci l  ro in t  so ag
length of the c'rcle. Fir.  l9--shorrs Cu.nra E

the thunb on 9 yea.rs f  ron the penci l  polnt.

is too }on,q. i{ben the lanr1,h ls reduced to
the e.rcle, as me.l,sured on the aencl l ,  f i t  the

' : . 'hwrbine 
is ! ' r "  favorr i ;s pcf ,h6f  for  r : re l rn in?.rv reconnatssaDce.

b. S.a Qrdlatad Scal.e 3E a l{eans p5f i}o l.in' Ertls g! Crre'l e !sxgf..hg.

Once s rn l le  lns iecr lon  or  o i ,J "nr  r re | ,hod.s  bave lnd ica tec l  a ,  cyc le  leneth  the
rndic:r ted- Jenqt, l r  shorr l i l  be tesi :ed.  bv neans of  a graud.ated- scale.

A 1r"-dt tztpd seal ,e is rnere! . ; r  a etr ip of  nal ter  on the edge of  w1"1, 'h,  ' .yr th a
nenciLr You hrve rno- ' le n ser le" of  nr . r l rs at  equal  lnterrraie.  You ual ,e the narks
as frr , r  ap:rr t  as the td.we yo' . r  r r lsh to t ,est  ls  lonq. l l lhu.s,  to test  for  a 5l-nonth
cvcle You nnr-e 'our nar ' is  as f r r  ap:r t  as 5-rr i  noir t l ' t .s- t+ould l re on:. four chart  paper.
I t  is  r  goot l  n lnn general l ' /  t ,o n: \ r re. .vnty 5th nark longer a: :d to nunbe. the narkg
fron 0 un.

The 4r .a .duated  se+ le  shou l r r  be  as  lonq a .s  th ,o  ehar t  to 'be  tes tgc l ,  o r  a  1 r ' t le
lon  -e r .

Tbe advry r taqee o f  the  eradr ra ted .  sca le  a re  (n )  l t ' p rov ides  a  per fec t lY  reg-
tr l . l . r  c ' 'c le , . ' i l ;h r ' rJ^reb to cor ' )are vour acl ;ur l  be)^avior,  (U) l t  c iur  be's l lp led baclr
and.  fo r th  so  ne  to  comcre  tu rn lnq , le in1 ,o  a , t  Fver r /  noss ib le ' ros j . i ion ,  (o )  l t  ca t l
be elrd u-y) .end d.o, ,n so the+, t 'ou ean co.rp.rre ei ib, . r  h i  rbs or lous,  (a)  1t  ls
e.a.c i1 ' r '  ent l  QUlct . l ' . '  " lade. (  

" )  
f  t  1s inex:rer! j tve.
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Lcrron VI
parp ?

a

are .s, l  crerta, lcttorcd A: , :  , ,  , ,  E, and F: (A eroat, ,o" our lrescnt -t tut?ologr
le ilefined' aa a valuc htqher thd the valuo lfouedllatery precccd'lng or thc value

lnuredllntely follortng. ) Iou sav, ancl. rirJtt1y, that C and D are ro clorc to cach

other tn ttnre thnt they rhoulil eouht ae ons.

If  tr . ,o of the crests nere &s eloee to erch other ae the cresta D aatt I i ,  i t
troultl ba utterly atlly to say ge had, flve w.17eg of I4.4 QZ : S) aonthg cach Jurt
bccanao ne hacl alr crests or turnlnq polnte ln thc /Z-nonth tntenal betrreen A

and F. Thore ara crssta encl crolta.

Hov can you tel1 uhich ercrta you shoulil corurt trr narklnc off ttntot, tld trl'lch
you rhoutd. tanorc? In a eare ig clcar as that llluotratcd ln Fifi. 2I ymr comon
senrc ul l l  tel l  tou thc'an8ver, but not alf  cales arc a! clear, Ia i l l f f tsult  caseg

rou nlght .af oDo thlnq, I another. io olJpctlfa nethod. 1a ueededl.

nn obJectlic netl^otl. 1e ona rrl.tih fe lnpcreon&I. Thst 1t, lt 1r a nethoil by

rrlrlch you andl I, vortlnq acparstcly, ean get the rarne rcnrlts.

, Thc obJectlvc nethod of detemlntne thc 'hlrSur and llotrst cau bcrt bc ax-
plelnedt Dy an lllnetratlon. lut firet ve mrgt lntrodtueo a cono€Lot thnt rrll l bc

nerr to nany. Coastd.er the Curve tn lt:. 22. iiactr oolnt on tbe crrrlrc har B valuc'

il.e'renrtinq u?on lts hel:!^t abwe the basc llns. Thle thc -ooint for thc ycar f920 ba!

a v.rlue of 850. 3qg the polnt for the yeor I92O hns aaother charactorlitte. Itr,

ta hr:!"er then any of the oolnts of the t!g.o -rrrsceding y?art. Ttrat ltr a hort-

zontal lino proJeeted beckunrd fronr the notnt at lgZO uttll tt lntcrscctr the

eurre betveen ye""a 1916 and. 191?, aB lnd.lcrted by the ftnc dottcil l lnc, wnrld

rlcln EJit tl'.ree -rrolata. Slyrllarlf, e hortzontal llne proJccted, baclrrard fron libe

uolnt at yct1. L92Z rrouldl be lar.rerl thaa the tcn preceding polnta--but not lowor tba

the alerr.nth, ihose nulbere--tho uhole yaaJs or tlne trniti baekvaril tD a horlrontal

Iine that ::.re 1n tha clear beforc the eurre lg intei'eeeted.r o! thc cad of thc
serlea renchedl--three and ten ln the aa4:lee glveu, I calt thc cJ.lqllDaq tluhgr
o f  t h e  p o l D t , '

If thc qlven polnt h:g a vrlue seater than thrrt of the polnt nert preecdiog'

the horlzontnl llnc e!:irns aDw,q precedlng polnte antl thc clccrepan le lntllcatcd.

by e hlaclr rurrbor. If thc qtven-polnt ls bclou the polut nert prccedln'3. tbc

borlrontal llne rktot tel 4E the .:rreecding rrotnts anil thi clearepao la latllcated

by a rcd nrrnber. l.tnen, ai rrlth the ye.rra ):gOZ and 1903, tha valuer arc hlglrcr

thur by arry erwlouc tlne, thls fact le lnrllcntcil by a f sl€tt aftcr the clearlP8F'

thc rrut to bc reerl nor norcn. r]nrg the clearg.nan ror igoZ rrould bc 1/ (one or

ro""). t.l ien the value of a p6lnt ls exactly eqnar to the veluc of thc polnt next

grec^dtn€, thc clesrrpan ts b, usually vrltten ln the opgroglte color fron thc

il"or.pan nunber next preccd^ln-. ilote that you eount only_the nr4bGr of polatr

that ybur furaqlnary horlzontal llne sklns over or undlGr. It cannot rktn .c-al or

111i131 a potnt of eqqal t"i"". For u,anple-ifte clearrpan rrrsbcr to*L925 le I bc-

causo there nre I j"*rg botueea lt and. 1916, a yeor of cqlrel tolue.

The value andl clearepan nunber of cach polnt on ths su!:vc la Flg. 22 atc

glven ln the follorrlng table.
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In corrgutlng and recoid.lnq eler.rspan nunbere lt 1e comcnient to uce a pencll
rr l th blaet: leld 1n one ond., red le.rd ln the other, I  use an Autopolnt, I t  sel ls
for 89#. .

If t,ha drtr ugeil are bont]rly, tn orrler to nako these cor{rutatlona practlcablc
you mrrt glre eonsecutlre nunbort to Lll thc nonthg. .tuy courecutlvc rnrnbor! vtll
d,o. One nethodl ucos'Decerrler 1900 aE uonth 3ero, 'Ihti schene nnksr Deccnber of
190I nonth mmber 12, Deearber of 1902 nonth rnrnber 24, etc. Thrra Decober of any
tear 1g 12 tlnes the mrnber of years after 1900. For loager aerlea, Decanbcr 1900
ean'be taken se nonth rnrnbcr 11000 or 3rO00 and all other nrrnbers ralred accordllDgV,
Standaril nonth mubers frcl Janrary fgOl to Decorbcr 195? are slven o! a rcgnratc
r h c e t .  .

Eor the analysla of ehort tern rUyihme vicre ueckly d.ata arc used, one aycten
arbltrartly seio the ucek eidlng July 2, LnZr R! veck nrinber zuo. lff tU thls
nurnfertng plrrr, for exinrole, tho treC.: cnd,lng Dceqrber 3l , lg4g would, be'seek mnbcr
gli, Dceembot 25, i95tt, , I):?). For gert ee vhleh go bac': prior to July 2, 1932 the
trcek endlnq Jrrly 2, L93? ls called, 11000.

For vork vlth datly fi rrcs a &ally m:nber 1n vhleh SaturdaV te ssven tlncs
the rreck murber could. bo ueed,. or you could uie the Jutlan day mlr!'ier of tbe
agtrononert. In thlg syeten aoon of -{upjlgg L5.- l99r !s day nuber t+l 5a00,5.

llo are notr rea(y to .lroeeed to a deeerlptton of the obJectlvc nethod of
ileternlntnt hlehs and lovg. nf,lghar aad 'lousi ean be defined.as termlnal polntr
of eyclteal rtee and, cyeltcaL d,ecl lae. .

Io neet ifirU etand.ard.n for a l.t?h or a lou, o polnt rmst have s clearrpaD
co.ua.I to of leogt one half'of tha lensth of the rrr.vs bornr sou.qht, o! ths aert
rnaller svcn nrrnber. llhus, for eithor 6-'or f-yelr u,:.ves, the'clearspan of firll
gtanclard hi.qhg or loua mrgt be a.t least 3, blnck for the hlths, red for the lov!.
The hl:h ls the l' l. ',hoet polnt ulth tho requlred. elcarepan betveea ttro lor.'s of tba
rcqulred cler.rspnn. lfhrs a hlclr for 6- or ?-year rrarres ls tho hl6heet polnt vlth
a clearsprn of bl:r.e': ] or nore bctr.leen trro loug rrlth clcrripa^n of red 3 or norc;
a lou, tho Io'.rcgt -rrolnt, ul,th a cleareilan of reil ] or nore, betveen t'.ro higha ulth
clerrglan of blacl< J or moro. .

for exarnple. tr tbe etrrre .1lven ln I1{, ?2, lf ve arc eadclng 6- ot' 7-ycat
uavesr wc could etgrt at the beglnnln3 antl €o fon'ard tntll ve .,:et a elca.rg"an of
3 or nore, ctther ied or blrcr':, l le flnd. gr'.eh a loint nt 1906. Thts ycar, trlth a
elcarrpu of reil 3, Girli nerk (as far ai cle$re;aa 1a concerned) e full etaldartl
lou for a 6-year lrarre, and 1g such a lou, unlosg a lorre, value te prceent Defore
tbe naxt clear*ran of black 3. llc then proceed to look for the nart ]rolnt vltb
e clearspan of blaek J or nore. l.rs ftnd euch a polnt at I9I2 rcttb a clearepan of
black 11/. The year rrlth the loueet vnlue betueen 1906 and 1912 Ia 1910 wtth e
vsluc of 200 anrl a clearrgen of rert 8. Itr le the lov of thc Eotc.

Uc'tbou go oll fron .ycar LILZ rurtll ve flntl a polnt utth a rcd clcarqun at 3
or norer 88 at th6 year f915. The htehost vnlue betueen lgf0_andt 19f5 ls at 1913
vlth e value of 1,000 and e cleargi'teJo of 

'black 
],2l. Thls :rofit to the hlAh of

the novc. stntlarli, yoar 1918 1e a 1or, year 1920 ts I hl,*, year 1922 a lov,
ycar I9Z5 tg a hl€h, and year 1928 1s a lov.

YI
9



.tr&rloo puocea eql Jo JsaA aBoq ertl sT ur.stloc 1gJTI oltl uT Paluosarqel ruoA ls€I
e{& .eallnlqu;, ?e ol 9I sJue.d luaea.rqoJ uunToa puoceo aqt uI eaul1 aql 'eallal

9r{l Jo r.ree{ ueelrfs IsJTJ eql lseeerdsJ uur:trloc tBrTJ oql uT saurT eql,. 'c!?q

Je?JB srestr Jo JoqEru eql lueeg.rdar epTB oqt tlliop sraqElnn eql :gl6f pu8 006I oslBc
Blqt uI 'slse.f eraq erp luasordar usR1oc eql Jo qol ot{l lE sJaeEnu er[6, '18rTJ

eql epTteq soltoe8 Puooes eql aculci pur 9Z '9Td uT 8Il 'ott1 uT PTru aql lnc ol
eq pTnoa snol puu erFfq eseql Jo rroTlTsoci eu11 eqq tuoeorcrer o? alart raqt:uq

'sAoP Pqe dn of eIVneple troJJ p0un1 6Z'!'T.{ Jo PTJI eql 3I lfl';'T.f

.eeaq relJt sroaA lueearciar of peraqunu era
oeqT1 e(f peie lJcI eqt l? sT uelllrr.l sT '0O5I 'rsad asnq eql ZZ'!!S uI 'lTcot{l

.?uoEaci u..q ?aleclpuT sI lc€J EIr{l 's1u1oa tu;u.rn1 p.rr;pruls IInJ e.ru Jaql JI .iotr{

lou op en l€qf geTJet eqt Jo iulmrlbeq e{t rr:eu oB euloJ sonT€a irof ro S'Iq JI

.uper aql slu tqTaq, sB enol Jo )r1rTr{1 trtc nol 'sJ-IoT JoJ auTI !)er € 'BtpTq JoJ auTT

{cBIq e tulen f7 'bl,f uT urroqs pT.rb eql uo peure.rl..-19 oq pTnoc sleuJ oaor{g,

'so,m?19 JaTIJur) lnoqlT,'r sTrll ,{ouq louw'c nort lnq 'rl-Ttl u oBTB sT 'elueA

Z6 erftre eql sT Ei/nl€r. x|8.^fuo f,q st 1T sG Pot)aocxa '6O6t.fs.{? .tfftfqtesod e 3T
crert6 '926T pse 'ez6l '016T uT aubc 8r.loT p.r"?rr€l8 tTnJ 1e{1 pus '526r pua '6I6t 1€
pa.IJnoco 8p.rupuBls o8aql Jo srFTr{ ?€ql ae8 eA 5 alqos ulorl ro zz lirdl ulorg .'paqTrc

-gop .{puelp spoqlaur aql trq, peulrirra?ep aq plnon prru 'arou ro tqtTo pal pus a.rout Jo
?EpTO )tcEtq Jo luecrgrtolc eAltt{ pTno/r aAsrl u qcn8 JoJ 8r.lof ptNl sq- T.{ pII,PtI?+3 TTn,I

'qgua1 u1 g.pe.t 9I ro Ze $ JIur{ eq plnol.r selnllJ Jo selJas sTtp g:o qliuel aql uI
-ql!A.d,1e1e1<iroc JIOB?T luedar pTnoc t'rttl easrr 1se?uo1 eq; 'poqlatr sTt{l dq paluaa

-3r eq plnoA lsrtl 8r{*ruel 3{JA alqTssod 11a ro3 (5 atecil' uI Pet)roaer ars l{clrul Jo
senTo^ aqr) zz 'tTg uT oarnc eql sncs ol usqo suTi ?r{1 8n o1 {s},r ae aeoddng

'EtrqSqE tmutrq rof utlrTsqlPqf ffi 'z

'cuop eq trcc 8Tr{1 dqareqn
Jo AoEt I poqlou .C1uo eq1 sT Sl 'sr{ol pttE st&Iq Jo soTlsulrillalop nffTUItTTO utt

e:{o{r ol cT.lTBBod f t BI 'uq}Str go qrtuol sargS .ttre ro; 'poqleu strp f,q 'enr[,[

('ATuo selilculrd r{lTn orer{ perr.iaouoc eJa en 1n{ 'aolturlg:

Tsrunm Jo osn eql r{.norql erur.r rBeA-Z € puTJ ol load:co .C1p.rcq plnoA ouo acTl
-cBJd u11 'snorD[ eq lostnio sTttl lnq '266T ptrs 106T l€ edeq.reci osf€ oJr3 ea6.1 'gZ 

t
pEa 'Z?, 'gT, ''I.t'0I, '90, sreeJ lo srrol :O!, pus '9?, 'OZ, '9I, '6T, 'LO. '6Or

rree.t 1r luegerd ?q pTnoil srF.'rq 'a1nr sFll f,g 'e.rot8 ro.I por Jo Ypqsr':ral? $ttn
r1u1od'ueen{eq arou rri I :tc€Iq Jo u€gtrrelc s r{lTA eluiod lieq;1q eqt ?uB sqlTq gre
-Ptrnlt ITIU: JnO s8 e:i'El pTnOA e/t '8eA3n roeA-f, Jo -Z Sr1:1oe3 eJer.r en asod&tg

o1 .c1pgl €noue leer! srd,sJ€erc unourr 13 8sr{ 1u1od
81s?I oseql pc€ rnol r Ilq,tsuod e1 106T rced ptnt t1,;Tr{

'9PJr:PUAIr laa|t
reqlleu lnq 'po1ec1gu1 eq .deu
e dlqraqord gT 6O6f rual

eil84
uo38e1

OI
IA



Iresson VI
Prne LI

The f i rsr :  rer l  l lne co.res at  ye ' , . r  ig fOi  the f t re t  b lack l lne at  year  1913;
the secondt red } lne eones at yer.r ]9?.2r o! poott ion 6 after base ygar of 1915.
'l 'he next blacrr Iine eomes a^, yeq'r L9?.5, o! 1915 plus 9i the }aet red l1ne at year
1928, or 1916 ilua L?., Tbe cregt at lr9}) coulcl be r.r.d,iear,ed by a black line vrlth-
ln prrrenthesec, (-----) t,o shorr thlt you do not know wbether or not ii ls a full
8+,nnd.ard. high.

llov, lf {,terr. r'tFre a 16-yea.r rh-thn in thls serles of flnrres there trould.
l.elll to be one hiqh anrr. one lorr in erch colunn of 15 yearg i the hrghs uould be
about 16 yearr fron eech othi.r cndl rrorr-Id. therefore fall la r.bout the sane section
of blre f ,r id. In other word.e, the blaek l1neo uould tencl to nake r l  nore or lese
horlzontnl l1ne. The red lorrg voulcl tend. to do l lkewlse, In Ftg. ?5 thev r lo not
d,o tlrls. It is therefore obvious that ln thls serles ve do llp,t hrrve a 16-year
rhytlur.

nu', your ttsle ch'rrt ern bc nrcle to tell you rnore. As vell ag telling you of
Ienetho lhat are absent lt rv1ll tell zou the approrlnnte lenqth of the rhythns
thet a.re nresent ( i . f  there are any).

Consider Fio, 26. Here I bave e::i,encled. the dta.arnm of Fie, 25 b:, odding ttro
ndclr ' : ional 15-yeu nectl6ns basecl on l88l l  and 1932 reeoectlvely. Let ug Dott t€-
peat in the l88rr- qectlon, t ,hree. 'reors after ibs end., the f iret black l lne nAr of
1901,  Srr : i l r . r ly ,  1et  us repe:r t  the red l lne i8 t r  o f  1928 rn the 1932 eect ion,
five r.'4:1.rs before ltc beqinning. 

'l '/e 
ca,n do this becrn:se gng losrtlon ln ttne can

be rloit,ed in pnl' colrrrn !f r're extend the colunns fer enolgh one lr4y or the other.
l.te notr b:.ve no nore thur one irrir of hrr.hs and. lotrs tn esch colunnr rtlth ell the
lotrs on the s,3rne side ( ln ihrs case abovo) a1l the t lehs uext fol lotr lng. Let us
connect hrrh: l  . .nd. lous rr i th vert lcal l ines of fheir or{n color-bleck or red,.

Yon see t,brt the hip-hs nnd the lorrs thus reDresented. t lo l lne up efter a sortr
but not nlon" a horr.zon'aI lrne as 'hey rrould. l f  the rbythns uere 16 ye.ers long.
'fo reoresen:: |16r.r ',he.'r rerll 'r fall, Iet u€ connect the nld.ooint of tho first ancl
ln i+,  o f  the b i .qhs end.  the f i rs i  rnd last  o f  the lows b 'dot ted l lnes.  We note
'"bai, for lhe red lr.n,'rr or l-e!g,, the dotted. l1ne slopes unr.rard by 14 v€i4rs in ttro
cvc les or  ? ve. ' , r r  0 , t1 i l  per  evele.  Tbie sugf ,cs.s  a lenqth of  16 years less ?
ye.,rs or 9 yF-1r!.r.  Tl.e d.otted- Irnc conn.e': in? t l^e $-g,bs slones u]:vard 10 yeus tn
tr. 'o c' ,cles or f ivo ve.1rs OOIZ) p"r eycle. Tl. is sugqests a le_nctl .  of 11 ye,1rs
(16 ' . 'ar . rs  less S ' r " r . rs) .  Avera: tn l  the tuo rndlcatJd 1enqi ,hs (9 ana f f  years)
rre zet a lent' '}. of 10 ' 'elr$ os rur spnroxlnatlon.

Le:: us novr ner<e a l0-Te.rr tlne c!.ar1, of the values (unrng a cloarsp$I of
f lve (V5). T!.,rn ir ' .  t t .onei ln Fiq. 2?, As bpfore, re,cl.  I ines nAr and rtAtr both rep-
resent nn l t l .cn': ico.I Jo'. ,  : loi t i t ,  tn this e1-f ie the lotr r t  Lg22 (posi l ; ion 1910 plus
L? or nogitron ]-92O nlus 2r. thin girreo us the elogest leneth t lnt t te c&n get
b'r t te t lpre e!:rrt  ne:; i 'or l  for so fctr relet i t lons ( l f  t le se"i"r is long enough
the t lme ch:rrt  rr i l l  rncl ic:te i l ,e }en1{,h ul - .hrn 19 or less). A}eo l t  hanirens thrt
a cle:.r$D3n of 5 (vj) lnstead. of a cle.rs=r;ur of I (Vg) glves us no adctltional
hlc-hs nntl  lor. 's ln ihis inst:rnce. -

Note tbrt on the t;irne chlrr, there is a nun'lrer abore each of tbe lrnes
and a nunber belor. 'e:r,ch of t ,he lrnes. The nunbero tove the l lnea glve the vr. lue
of the curve at t l re t ine ind.icrted-- i .e. t !"o heiol"t  r love tbe b,rse l ine; tbe mln-



'X1aa11cadsar pellog Jo !e{s€p osIB aJB sluloti lEtt(rtrl .iliri llrsl
pua.gspqocaa ttltttr'tJfc seutl butlcauuoc I€cI lrea er{J, 'auII paliop € Aq p€luoTp-trT

sI 1T pn€ AoI ro q!!q alptlJal € ?'IIB3 s! 'iol Jo qtTq eqt 'r{lutu auo u€"ll Jg;€el.l;

1nq .a€dsJ€aTc Jadolu eql Jo ?rtqt euo u"i{l asel et q"qsJu€ Ic siit JI _ 
'a[II PeqEap

€ xq.palrcTluT 8I iT lnol ro (JFt ElfglIlCJltE I poTTso sI lulod aql u€dslualc laoorc

sll Jo prTi{l1-ono Jn^o lnq PJ?9u"18 IIIU rntql 88et c'I aol Jo qtT.{ € JoJ paBn lu1od
ertl Jo rncrereelc aq1 3:1 'seuTl ue{orq ^q ?ol€cTpqr oq plnoqs lclJ BI'{1 'sttop

rf sl.{l aerll 'sAoI ro sqtn{ prslue?8-qnE qlTr'i ut IIIJ o+ palladloo arl no' aeB€o
qcns uI 'utdsJr€Tc ?J€Dqsls IIIU Jo e,ioT Pua sl{tTq pulJ ol IIaJ no.[ Je?Jg

('gZ 'tTf uT Dettolo s arnt eql Jo U€.{o ourrl rve^{, s 8T 6Z 'tT{) '62 ':,d'lt

ur re"elcac a qqlTA si'rgl Jo 8qr!q Jo rl"d €rlxo tlo pult noa xII€uoTE€ooO

'uatqoJd Jno'. uo gqlll l{oJql IITA ptrB Intasn
eq IIIl|r lJ€qC euTl eql '1u9^e lse qI '4uaseri eq tlou ltltTlt Jo l{,t>ILt e^t,r Jaa/i

Irs e ro reaX $[ € Jo JEeX-euTIt € t{cl.{rr ol luairi aql arott ro Dm aapl laATecuoc
-erd s EorJ 1ir1s ppoc noa.rg .luaeard 3q lqtTu lr{tAoql noA uql/.t{r r!-Tncllrud
aEos Jo a11ru1t8ar eql aos o1 lraqc euTl € esn pue uoT'.1€aretqo eTqLtTa nq 1.lst6
tq:'Tu nori 'pu€q reqlo eql uo 'peqsT.t nol. s€ ral 8€ roJ uo o0 pur, 'rrua^ z6 Jo

rllrTs € | eJtad ZC Jo q?J!J c ot u3ql 'putJ plaor{ .!o^ llj{rt aaa ol 'rJ€.A fr{cta ro
. sr€o/ii ZC to rs,trqnb € Jo uqlJlq.l € loJ {oot lrJq iq}Iu notr 'q$rual 

.ITaJa^o 8ro Jo
pJTq? e 1n6qe ;o rs{$qr e qtlA dn c|.t'c g.' '8.r€sl zg Jo {15qal TTlrraao r o Jo JIln{

lnoq8 1€ ?uesard aq t{tF! rir{rytql le^318q,.r .IoJ {ool ol PbtJ?ls eir aITBirTbTIo

'acu€cTJTuStB rTaql aurLda'laP ol Iqt
'uaq? eivnTr3ra ol 'tuorlDlJesqo g8€t{t eurJar ol pa81r aq d3c rpo.{trrMa{10

.096I ptrE .095t .tit6t EoIJ laqlo eql Jo ^€A euo c&1.,{ o;^1 ?a lcad.xa aq ^EUl ttjiol
.gtnutiircl rqttrqgq ElTt IT (.seusI elaq sr'ol ro sqrlq aq1 3o a11lo!eu e{l qcTilr

uTrIlIn s?nFr er{l Jo lPeds o1 InJdIe{ ET 1I soTras ratuol uI) 'tuTt{!l '{tlra ralJ€
' 

8J8a{ OAI u€ql elou Jou 'rutull u€T?au aloJoq 8J€a.d or'rl (,n'ql 3Joll, auoc 6€{ .rol
oll 'ea11111qeqortt ol Jesolc.ituraq s€ 002 Jo c.r'ita a selucrg't JolAlr{aq ualPau aq&
.oo5 Jo saaor€ ut alr1€A € p€i{ J34a S€q ,.'0I oll '8JEali tutpacaJ(! q'Fra ei('+ ts'srl lu

uT anlta Xqa Egqt JsdoT enl"a B aa"'l ol prlwJ 813r{ ,aol ou ' s.,ol 9.{1 loJ sY

ore '6,t6r
pq" .6t6T , €e6l p (re{to er{l ro nbA euo 8rta.{ oA.. sc€qt€d) pooiiroqqllau lEraust

ar{l iT 8qrT,.l 'l cociie .itu en 'lltttU-tTllt'J fOfIE{5q l|.l!rf Il gtt8 'as€q r3f}€ trt':/| f,
s1 u6111sori qt!i{ rrsTpe@ oq[ ('9 lslel 1€ Jo mtusr'dalc € aa'dq.3{rl{ IIv) .'."t"?{
1q3re gurpacard etll 18€eI 1€ ioJ sellra 1I€ (r€ql ra.(tT'i oq 01 PaIlaJ sB { t{tT'{ ou

'sarrBl3 eqt elsq err 3n J€JtosuT 'oEIY 'troTqluod u8Tpau r.rlJt sJr,o^ o,\l ]lluo auga

. q?I{ ps blep l.ou sq& 'OOg tls{l EBaI Jo enlsl 1, ps{l Je^a 8..'l alc,tc 11 e/!-oT r'{l

Jo .pT.I ou 'l?ql la9qo etstl e.{1 ulolt .illoellg erJ68qo :(tu a.l qlrorr aq dLis i! 1€"{A
roJ ?nq 'slial l€uorlrept 01 llosar lsnr! att JoTlu{aq i{oirs Jo ootlltoltld:}ts .,'Il Jotr
'ET{l Sa lro{8 89 3oTres € u1 ql'rnl dlql JO aaiErr € Jo 8UOTlT?aarr oJoul Uo6q aagi{

1OU ppo5 e JJ{l Inq rea€A tl-ll Jo sltoT?It eddl aerql lnq uaeq el""i aroql lqql eiul
8T 1I '38Tnd{TI sr,EI PrtE sl€a.reldr Ir,eA uel lnoq€ 1B euoc 01 B'l-!{ IoJ 6 elq'nl
uT poprooor pq€ ?i 'tI.{ rrl Pel rold tlBP aql u! r.uagual € uaeq saq erJt{r'L

:lllr\dc t, ,{ctr3 leld^te lqT plnorr euo ro{ s! sll{&

.aq .[au asno 9rl1 6€ 'par ro )lodTq Eg'i tTrrn--uolll Bo(I
slq1 ?r lurod tqturn'{ relno;lred e'.ll JoJ u€dsr€oTc a.{1 aalr c'utl ei{t }iole\ Breq

ZI el€d
Il Ilos 8e'I



Lession Vl Page 13

is missing from our master coPY.

We apoligize for this inconvenience



3snq.{ Jequnu 5rdtlf, lssJusu sqt ol gJaqtrr\[ as€q .InOa PImoI
rresa-t.Tl .se qcns .q€uaT I€qoTlC€rJ € Jo ulJqc auTt € :/ut\tu er€ no^ JI

;perlcaqc ueaq sq laqtrntr es€q ls€I rno{ ;o anT"A aql lrrql {ruu {osqc

e tulsn .cq Ao(g . Lg6I tro (IT r oI) / L58:l eq PTnoA reqqru asvq ls€I lnoa (l:flJ_

sr{l ol uoIlIPpB uT saTclc OI) salcrib naa-11 ueAala cin tes 01 t{sIl{ non ptre LSg1'

sT Jaqtrnu eg€q tsrT; Ino.d JT 
'siq& 'Jequnu assq qs€I JnoA Jo enlt'a aql >{3oI{C

.aca1d.raq1os€ uo el6ud'sa1cr.c aql TT€ JoJ qbnoqa apll. ?ou 8T ratitci aql JI

.uo os pu8 '(II x Z) t i58I) 54AT prT.{x
puoces JnoA '/,58I sl raqunu as€q IDJTJ

no.( alcit;Iera ro4 'JI '.raquilu acuq 1EJTJ
sTt{g, '.rar{unu asuq Puocos Jno/i ina

rno/. '(I1 
t L581.) gygf aq Ploon rac(uou dstq

Jrror.,ptre 
'' 

1:eqc au!? .Itoa II u€ tUtlUU e.rt
rnoA trui{1 J'd?..Tq. q&'ual sfca'c auo ET Jor.tlrru

lr{i'TJ a,-{'+ o1 sloP oi{'+ lIUu ai{l uasAiag

'seTJeg Jnoa Jo

tuluurtaq oql o1 .rolrci .paluuri rroI Jaqurnu asr:q atn, asn Plnoc no^ 'laaerrog 'e587

eq.{,1$auJou pTRor.t Jaqunu as€q lsJT} .norl 85'rjt uI sil€19 '+J€{C aul'i € }uJ'ii€u e'I€

nod qcr.tn Jo oAJnc aqq, JT 
'elritrcxe JOI '€'i.IrP.rno.d Jo:ruT.:u1!at1 a.{t aJoJaq qluorl

IO JEa{ Ar{t JO lequmu sq,. AITsnsn 8T raqurnu ao€q tsrTJ aq,T, 'Jequnu auaq lsrrJ

rno6 roJ leiop p.r[ .? pu7 eqi saar.rleq 'a'I) lJsT aq1 LIorJ ac€cr6 prlc{1 a.{1 osn

.salcac Inoji Jo sJaquou es€q ai{{ ie'+ua slop eql uaal\|eq sTI'l!-IaluT ot.{l u1 (p)

'Baclnslsul lsou UT seull rnoJ pJ€P(r€l8
gql o1 riaarl lssq, ..rsaa/io{ .I ueae Jo tZ Jo '1le<.r.rl saurl t€cTlaea f s';op Jrrorr' lnr'-

o1 1s€A EeuIqeuros 111n no4 'e1Cz.C aq',l JO gUOT:;11eCia"r r(UeU 1Ua.rb u al'u alaql 1'.t{1
alcric aql Jo q1:lual a.{t ol a^r+rJlor 'lruo1 os 8T sJaqulnu Jo BoTJas ra uai{il

.ueq? esa.rucIas ol alJas TTT.I pue'surrntloc Jo saTras 8 etBara

Ilrr,t BlOp esaq[ .3I;T+ Aql '.ioleq saurT aeJ.{l JO Oril .Ptr[' 
ratud aq1 gBOIgc rtllet

-uozTroq lr€a€ sacecis {noJ stop Jo st rras a burqtnd ,tq prr? -roorl lJ€lS (c)

.L.oi1 srrolfcrufsul acTlc"Jd pr€pl,nrlg aaraoqo 'pTrt 3q1 Ctr lu1:,1es uJ (q)

..f,r;i,r qctsa qcsT aql ol saqll I 
'.leclutl aITTIpunb paluacc€un esg (€)

.EuoTtciltsul peTTotag--{trEl[ii ryfr s fd ErE Et$ 5ipii tt'I 7{tE

.uoTlcos al€I€das € 8e1€I osT€ XI 'lJ€ tlc Jo euI.{ldtlog sT PUB oATlCef
-qng s1 cialo sTr{,[ .6r.10l pu€ srfrTq O{1 ..n la'u1u1l Jo J.rfft?tu €t{f seuroc a[fuurg

.uoTXcll.rceep T€?uauaflr.dns al€r lnq 'lccrunqcau aTa.rnci a.rg sclats o,.f agai{ct 'SrtroT ptrs

st{:rlq .rrrort 1T oluT tsotr PIIB pTJ! ITton o:1EtII tsnr,r roa qqtual a'(l papTcep cula€d

ol$aqc eu!'+ Ino^ a:r€u o1 l,'uo1 rlot{ t'+rr3ls noa. aJoJoQ
..raq1ouu Jo.a€A etto .eprcap ol al€il op noa';aaenog 'sPl3ul asaqt i, LnIBA= (.Ie{ oi

tJaqc euTt aql e8o Prnl SuEirT JOI eTaCS P-?unPur:J eql PrI- ' uTrulu{i 'utlTlcaosul o8n

uic no.t r0 .TTTI{ lT eJar{i\ rro4 [c'aT Jtas'+T '{rut{o auT; a,.{1 lal PtIIl ':4rup aq1 ur qtts

ts se e.reqMue 1g€lu rrgc ool .iirMIEtrrl'{r€qc aulTt aXsl(.uoo € i'r)1€0l rrcc uoJ. '|Jit{c

tI o3|€A

IA uosset



Lesson  V I
Page 15

'Interva1

lst baee nunber 1957
2nd. ft rr 1857
3rcl 

rr rr 1857
4th n rr L857

1I .4  :  1868.1+
22.8 = 1879 .8
)4 .2  =  IB9 I .2

11
T2
11

I
I
I

Ror:nd.
t o

185?
1858
1880
18gr

e t c .

If vour baee number ie a frrrctlonal leneth ead.lng ln .5, in tine chart vrork

Rlp4y'r ratee tt vhen 
"ouni.ine 

(il;-;ext book to the contrary notrvithstaDding)'.

tach eyele of a tlne chart ls normarly aD lntegral number of years (nontbs,

neekc, or vhatover) Iong.

horlzontal l lne Lcross the page about three tnches fron.the top

it  on one of the b}r le l inesl Dre.rr l t  in blue or green (or any

red or  b lack) .  This  l lne ls  your .base } lne for  a l l  eyc les '

yout seale at the left ,  verttcal ly, using the second col 'unn' (Ihe

i ; ;  f ind ing.  )  Tbe scale represcnte t lne uni ts  af ter  base '

( e) Dratr a
of s paae' Dratn
color other tban

(e)  Enter
f irst column is

'The 
scale rv i1 l .  be as lonq as tbe cyele for  t rh , ich you e:e test in8,  i 'e '  t t

u i l l , "qL i  i , f t "  Ienzth or  per ioct  o f  the t ime char t .  Use one l ine for  a year

t; ; ; i ; ;  oe*t,  or rrhatever ur:r i ts yogr data are ln) i f  such a scale tr lrr  eover no

n o r e t b a r r a b o u t a t h i r d o r - . o - " * s " - G " i t ' " p o r e o r 1 8 l i n e s ) . I f t h e n r : . g b 6 r o f
terms in  r rour  c ' rc le  is  greater  than th is ,  enter  vour  scale by 2ts  or  5 ls ,  or  l0 ls

or vhatever is necess4rv so that the entrre cycle tvi l l  occupy no nore tbe'n about

t l l  of the p.age o .

The seale vri l.I st,art ' , ' . ' l^rh zeto ab the

length of  the cvcle.

bage f io" ancl rrrn d,ovrnvlard, for the

' f f  
your

Thus, i f  : /our
next  11,  the

If your t lme chart lg of a fractronal leng'"h, indicabe this fact on tbe last

entry of your-;. .r ; : ' -r ."-ur.qrru' ir  j 'ou o"e.nd:inq T-l l ' ,1+;re1'r 
t :ne cltart nr:mber

t b e  l l n e s  o ,  1 ,  ? , 3 ,  -  - r o ,  1 I ,  1 1 ' 4  ( i o r  t h e  l z t h  l t n e ) '  D o  t h l n  & s  a

renlnder of the length of the e,.rcle. I iorrever, the } lne so rnarkecl stul rePresents

LZ vears af ter  baqe.

(g)  Forr  dray tn tbe botbon of  the gr id .  Use b lue or  green as for  the. top '

If ,rour tine chart is eJ integrel nuqber of years (nontbs, t'reekB) long, tbe

bottorn of t tre grid. is a straigbt horizontal l ine fron the potnt on your left  hand'

scale equal to the 1eng,"ir of tlie tirre chari;. 'Ibab is, for nn II-yee.r time chart

vour bottosr l ine v111 be at 11 (t t t"  top l ine at 0).

t lne chart ls of a fraetionar iength the botton l lne vi lr  be irregtr la'r .

t inre chart is 11.5 yc.1r$ lonq, one c:rcle yri l l  be 12 years long, the

next !2, ancl so on. .  The bot:om lrne of yorr.r '?r id vrII  obov tbis fact '

The botton l ine of the gnd 3lrra:s'  renresente the sane ' ' rosit lon ln t lme es

the base number of the nt:xt cycle. the area bettreen top a'nd botton l lnes consti-
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J. Eqg f.q Qolnsf t [iehn & I,Wn

Sefore d. lscusstn€ horr to eonnect hlqhs 8. lowe, letrs renlnd oureelves of a
fe,,, fiurclanentals, A trlly p^rlodlc curve of the Bane length as tbe tine cbort
voulcl ltleally erpress ltself eo tuo borlzoni,al lines across tbe cb,art, one red,,
one black. They wou1d. be connectcd. because the bar$ voulA abut.

A trrly prriodtc sunre Short el tban the length of the tlne ehart vould sbou
ger les of  borq r rhrch woulct ' lne torrard the r ight ,  I f  yot t  connected succegglve
blaelcs I Euccesslve reds you rrould- Fet a fligbt of otepe rleing fron left to ri4ht.

A perfect ly rogular crcle' lpnper than the length of the porlod.lc table, woult l
, fal l  nnd- eonneebed., would, shor.r,  Ieft  to yight, a descentl ing oerles of steps.

In any of the three inetances riyen, the addrtlon of rand.om nrrmbers vlII
serve to dts tor t  the snoothnegs of  the st ra lght  l lne or  the f r lghts  of  s tepg.
If the rlistortion 1s bad enoueb lt mlght even chnnge full etaJxd.artt highs and/or l.ong
into seconrlnry or tert inrv turnlng pointe.

Convetsel :1 ,  l f ,  tn . r r r  actun. l  Rer ios,  vhere thc presence or  absence of  o cyc le
ls not knorrn, the htqhs *6 f6ug do terd to osctl late aror:nd horlzonlal l innsr u€
hrve the Fug,pestlon t,t.at ir cycle lhe length of tbe tiure ehart nay erlet. If tbe
hi,?hs and lorrg eaeh tend to oselllnte around. stralght lines vhlch slope I![tI.i,
the suggootlon le for a slqligf cycle, If 'the hi.gJrs ancl lor'rs each tend to osclllate
lrormd stralght linos vrhich slope dotrnrrarrl, the ougtestion 1s for a lglggl cycle.

Tberefore, eonnecting the eon6ecutive highs to each otber (and connectlng
lo,.,s slurllerly) ls ne.relv rrn ntten:l; to belp the eve to see whether or not the
turntnq . 'goints d.o or d.o not, te;nt l  t i ,  osci l late arountl  straiglt  } lnes end, i f  so,
rrhether these l tnes are hortzonta!.,  or slope u1, or slope dor'nr, arrd. 1f so, by hou
much..

Eero ls  the.  nrocedurel  (See FiA.  30)

(a) Conn^ct to each other bv sol l i l  blnck vert ical } lnes al l  consecu.t lve black
b-urs rrhieh are not nore thnn OLg vertleal sp&ce e're.rt. D6 the sF.ne nith solii l red
vertleal llnes for all eonsestrtlve retl bars not more ttan one vertlcal Epoce apart.

l trevffr let l ines of red crogB l ines of black'

' r 'his etep mav belp you to see i i  t tre baro oscl l late arorrncl a horlzontal or
slopine nren, turd., 1f the axes slope, vhether they slope upward or tl.omvrarct. It

na" Also help you to see vhebher reds tend to be above blacks or vice versa.

(t) I f  Step (") d.oee not clo el her of these thingsr conDec': coDsecuttve bare

of the srune color tnhlch are l&q vertlcal spaceg apart . ' 
.

(c) t f  Step (t) sbovs nothing, eonnect bars three spaces apr' : t ,  etc'

' (a) tlhen you h..;re an t6ea os to rrhether reds or blacks are piedoninantly on

ton, the bars whieh are out of plnce rrust be Itnoved,, I For e::anple, suppose you

deeide thai lt vill be eagler to keep blacks on top. fuppoge your firet cycle bas
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eubtract or add' thie nun'er to the len6th of the ttnc chart. Th's if you arcrrorkinft trith an ll-year tine chart and. lf neasurect frorn the nrdd.le of one eyeleto the nit tdle of l0 cycl 's later.rtotr.r  l ine ?es uprrard by 3 ye,1m, ths leagth ofthe cyc lc  ia  I l -  3  hO.

In rnakinq thla cornqrrta.tlon rrith ti,ne chsrr,e of fraetlonal lenqtb eo'pareerelee of the lano lenqih, For r:xarple, if you are yorrrinE ,,rti"li'iri"iil, tirneehart choose eycles for neasuranoDt J',1ch are rl yearr ronq or ,hich are 12 yeare
lona. D6 not have one of then II ynars nn<.! another lZ yeare.

(r) i ' then the'cyele len': the rerresented by the red l lnes a,ad thc black l incshnve been ''or,muted', avera{e thenr to qot the bent annrorlnation of the lcngth ofthe errcl.e obtr lua)rtn ng this at.r.qs of tbe anaryelep

(rn) I f  the len ' th indicnted by the sloplns l lne ts in- iortantly i t l f fereutfron ths lenqth of the tlne chart, ialr" a neu tlne ehart of the leneth tndlea.tedtb:r t l . .e elopinz l inoe, and proceed. to re-deternlne the lenqtb. 
'  -v-r-w" -"Er

(n) Search the trno chart for indlc' , . t long of.other lenr?ths. For axryIc,rr 1I vo'1r time chut tn ad.lition to ehorrln{: arr 1I.} year 
"".i.-iieht-d;;;io"an 8-year cycle rrtc. a l5-yeu cvcl e gfunr.Itaneously- " 

oi*r-ii-irn", to rqlrceent
these other c:relee and note the results of yotrr obsenetlons on the t laa chartl t s e l f .

# # # # #
Pinnl lv, a n6te of t ,nrnlng: sinmle as 1te elc.rnentr ere, the ttmc chart mret

be ueed gith cirer or unJuettfrotf  conclusiong wll l  be d.rar.m. I t  rmrrt be rensnbered
th': i  efter al l ,  the t ine c)rart ig norely a tool for obt. inin,T frfnt i 'of rhvthnlc
beharlor. It d.oee not reveal rrhether the intLicrted. rhyttune, lf atr.1 a", gl,?nrfl-
cant or lre nerely the reeult of rand,on forceg, Thtr deteralnntlon tnugt be ostl-
nated bp other rnelns. .

lhe't1ne chart and tts arlJr: lct,  tbe obJectlve nethod of deternlnln€ hlghs
antl lorls' 3re Yery valunble toole. I roultl l lke to gtvc ereillt to thclr tnrcntor,
but I iove renton to bel.lerve hg uould rather not bc nentloned, by naae. AII crcdlt
to hln, anwayJ

Ia the next leaaon tre tr i l l  get lnto the aatter of pariot l le tablar,



ol poredEoc

tt ot

'trr rc.rrf

,/ ;r

(6

Jt

Elelled r3e&E rcg€eg

q+tuet uroNDtujg Jo eToIC
vrrA

atort?a

-Ot

I

'8T.{

'tTd

l-

,t

It

0

t(

oa,

pelEnoc

t!

3I3CI 3tn

et tl

tulrqg

,r a,

lforo 01 l3erc uo{t

.D qtfier Erffinul Jo elolc
tYr^

tt.ttrh

'c

t

l;

e

t*
'o il

o8:?:s -

/

n
\/

n
\/

^

/

n
\

\/J\/J/.t/t\/

4
,

l.
\
t

\
I

I

J

I
,

II
\
IV\

a

\A

t
It

t\h

t

/6

/\

A\/tAs



tlg.

) L

tlt. I2. Dlagtan

t f

( tton l1g.

( .  l J

ls) witb Probable

. !OgbUu
Page

/ a  2 c  ) a

9) Conpared to

y r
2L

ll e.

f ,

o

- t

* ,

o

- l

I

ul,

q c g ro 
,.2ua 

,.t ll

Cyolc of Unhorn tcngtb ( fron trlg.

Rcgular {-Iear Pattcrn

] 1 f 3

of Unoorlrlctcd Strcct PIan

ULJL_J Lj!L=,,*,  1*.nnnnnl  t

o

ls .

/

t

\

I

/

8

/ \

.l

/

/

/

\ \

-J LJLJLJI -l LJLiLii--i L-j i-.i
I l-l t-l t-l l-l n n i I i I i 

-

ProJcotlonStrcct Plant lg.



a 'tT.f, Jo
Jze tra e

c eLlnc

il.lrte w
.h

Jo sTsdIeuv TBncTA .?T .ET$

o

ci-

ct-

c

c7

eh

f,-

et-

e

er

oh

.h-

.t-

,

c?

.h

f-

o?-

e

ol

.h

z?
r.t

etBd
TIO8sET



rJC' |JUUU

Pagc
t l
25

lo

2o

o

lo

2 o

c

- l r

l o

2 o

o

- l r

1o
- 3 o

1o

l o

o

- l r

-Vo

- 3 ,

lrron7H il 0m a€4

of Curve D of Flg. ZFlg. 15. Vlsual l \nalysls



^

nnnNNY\/\/
\

/\
//\/VV\rV

/\"

eTo,c lroqseql seessIg oql

\/

SVrrC

./,

\
\\./ry\

\\.ar
\2(

\
..^.r"

eTttrC tuoTeqt seeseJg eqt

\

sY-g

A
tr

V
'a^4./"

,/\

seIoJCI8ef,-6'UB IBeI-Fs eeulql IoC''V

se1o.f,g reea-6

a4 o,

pIIE -?9 petrIqtroC

sr,"A
95 .h

s1e.t1uuy IBnsTA '9I 'gT{

of o,

Jo

ct'
c

o7

er

ce

o

ot

.t

oe

o

a,

or

ef'

?a
TA

e8e4
uo86e'T

'e 
hl



Y
I

EALU
3or

I  o  t o o  , a O  l l l o

lTCn na^lCe4

ln Random llumbera

Souree:  Gyoles,

Page 2b

l ac .  , t o  .

j .

Januory, 1952

f,
t.o

. A  
-

il\
,vrtr

erles

t*lL
o f R

ilfir
rndom

A'rn[hil
Pg 8n(

d.ft1-
1?-I

t[.h
ben M

, h  I

rvlng

lililh
Avqra

hlt
3e

,/\'TrrNn\f r '  I r u ]JlU1t'l I brT[ "  I]ilu '|'

\ :

nooth
, \

\
\

ld Rar,h,\.n'rmber

,^g
r and
A

httt ;firth Rl
n

l \
/  \ T

,ythst

A,h' I

I

\l\1
'tul \l

/ ' r '
\lHv \:fl! Y

I

/ \
/ \

I
I

o

v

o

\

pled Re

/[" rylunbe:

I
'g and

h l ,ffirnth I

/
/ l

hythr

I\ k̂i
o

\
\

\ .)

/1r

V/'u"' \ {

V !
V 1 \

)/

'1 
U
\ ,

/
\



qltust eIoXC Jo lrrTg leC oil, tutlunoc 'gT 'tT,tr

s ryt(
c?

.a

c-

e

c?

oll

BU-g r zlr

9a eted
T l Ttngactt



Lasson TI
Pagc 27

, lo

l e

c

- l o

-Yo

tlo

l c

O

-lo

' to

to tfo
; ,O 'g fd  , r . teeOgQ

Flg. 19. Illugtratton of itbunbbg: at a ldeane of Oettlne Elntg

Cycle Lengtb

of



l-

o3

seABl{ QttroF[-9T .rnqf,

S'ltNel^l

JO rrBrtBTO'Ta'Ertr

c,oJt.hcactCt

q4tueT eTo^c

Jo sXrrTH puT,tr ol eleog palenporC V Jo esn .OZ 'gTd

e

ol

/\

A\.//A/\

JtV3

\/\

lrJlhSata

ArJ*81.c

az eSEd
7 i uogFeT



{ o o

l  r .o  l l  o f
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c learspa n.
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ghorvs a blpotbetlcal ourvo fTon
The broken l lnes l l lustrate the

Base
Year
le00

o ,  l l , ,  t . 3 7  t ? t t t t t t , l t t t t , 3 , ,

Flg. 2.5.

Tears After Base Year

Thls chart represents t lrne tlom zero Jrear ( f gOO) tq - ?e yoars
a fber 19OO : l i  other rvord s ,  1900 to tO.qa. Heavy sol ld
yer t lca l  l ines lndlcate h16gns,  uelng c learspan of  8;  red

"er t lca l  
l lnes lndlcate lows gln i lar ly .  Tbc parentbeses

that surround the f lrst hlgh lndleatc that we do not know
for certa ln that lt ls a gf,andard hlgh. Tbe Dunbcrs to tbe
left of the l lne refer to the value of the eulve at thc
t lne lndl lcated. The numbers to the r lgbt of tbe 1lue
lndlsate e learspon.  Thls chart  Is  merely a shortband
method of lndlcntlng the hlghs and lovrs wltb I  elearspan
o f  B  o r  mors ,  8s  f ound  l n  F lg .  22 ,  8boY6 .

I lrr
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Ftgr 26. Thls ls a conpletgd 16-yeat Tlne Chart of tbc data plottcd
ln Flg , zz. Clearspan ilanaard v;. Two nore cycles bave beea adcled

to the g.ld and. tb,e flra! higbr lAn' l!-then Tgpcsted ln tbc ne;
sectlou based on rgg4. Tbe 16st lor, ftBrr. tB tbin repeatcd ln tbc
neyr seotlon based on 1994. You wtf l 'note't[at botb t ie f lrst h18b
anil the ra jt-i*'-rirr-oua;lai of tbe _sf ld. Tbe hlels and lows alo
then oonnoeted. Becr"r6-i lr-utint and-rows do not-f"] l  oppglltt
oaeb other-G-; 

-il;i;;ntii: 
I1;;, lt ls obvlous tbat tbere ls no

16-yeat rhythn tn the glven cul?o r

f1.om the uplvard slope of the llne one sees that there lg a rbythn
of sonethlng lesg than 16 yerrs. 

-ai--[tre 
lows dTop. b?c! 1{. yaarr l tr

two oycres , or ,l yertJ a 
- 
oirie , wd !!ee the lnd loited tg+gt| basc(l

on lows lg 16 mlnus tl-, or b ye;ra-Iong. AB the hlghs ̂ 811t Daok. 10
years ln tvro cyores, 6T-s yelrs- a- cycie, we Jce ti ie lndl-catctt lengtb
ba sed o11 rriirre' i; 

- 
i6 ntnus" s , 9r 11- yegls . f t le obvlous tbat thc

tength of tb? rbyttrn li"rppr6xfrr[eri ro ierrt-long (9 plus 11, and
a lv lded  by  21 .
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S': A]IDARD ?RACI'IC'!I IIISi mrc''IONS

5, Incleres

fou vl l l  need at least two lnd,eree (reaUy l letg) for €very ttne serlee to
vhleh you qlve gerioue study: (f)  f  l tst or lni trx of l lne cbarte, (Z) a l let or
lnclex of Llme ehar's and oeriorl le tables. Each lndar ls nerelv a l1at ln cbrono-
loglcsl ord,cr of the naterlal coneerned,.

In each cas€ the purylose of the lnd,er la rlrinarlly to tall you tbe nruber
of (e) bl 'e lest l lne chart or (U) tha IeEt t ine chart or neriodic table you bave
nade so that.You vlI I  knoq the nunber to glve to the nert one.

Bor'rever, the lndex of ltne charts has a secondarV value. It le often easler
io scan than tha l lne eharts themselvee l f  you wish to kno.r ls there a chart of
guch and. sueh a Bort.

If l ine char'a qet too nun€rous, a cross lnd.er on 3r5 carda ean be establtsbed
and. f l lei t  bv conr.ent.

In the tnctex of t,1ne charr.s and periodte tablee ibege r.no sorlg of naterlal
are entered lnt erchan tably.

As t ime char''s and oerloctlc l;.i l l les are filed by wave length lt ie eaeier
io flnd. thenr d,lreetlo than bv reference to the inrler.

Tabulal lon Sbeets do not need to be lndeced, hrt for blg Jobe tt  le sonetfuaee
Decessary bo set up a cross lncle: for the CoIUong of tabulatlon sheete, perhape
on )25 lnder cerdg,
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. ? . Tfune Chart e

1. To rnar.;e a t lne charf r rBe cross reettou paper, rmscc€Dt"d, 5l luee t6 tUe
lnch egch uqy. If necessaryr pante two or nore aheetg toge'uher, gld.e by olde,
or u8e pap€r I1 r 1?, or 1I by sooe longer lecrgtb.

2. Plac6 your lnltlal and the algt" lu the ulryer left b8nd corDor.

The d,ar.e cert i f les the t lne of your d. lgcovery of the eycle. &rwer the chlef
use of tire dlale bere'end. elsewhere ls for yorir or,m lnfomatlon leter, A year'
fron ngwi le! ug Bayr ln rerlanlnq your rroik, l f  your aotea are poorr,nlelald, or
eonftreedr you ean often toII fron thE date, vhlch of tvro tlue charta (perlodlc
tablesr or uheteirer) vas ruade flret. Tor erarnpler.lf your 8.5-icar ttne chart
te d.ated 8-10-53, aDdI your 8,4-year tlme chart ls dateA 8-11-53, 1t ie obvlous
that you ftret thoup.ht the length rras 8.5 and thst, fronn thle tlne chart you d,e-
duced, tbat the lenqth was nore probably 8.4 and tbat you then nade enother tlne
chart of the shorter lenetb--lnetead of the otber way arorndl.

3. Place the t l t le of the ehart at the lop of the abeet (1.e. top ae l t
uoul i l  be uhen f l let l  ln a loose leaf aote bookJ,

sub sub
Ahravs atart your/t l 'u1e rrt th the leneth of the t lne ehart.  l {ake/t l t le fulI

antl connlet e. For exanpl e : nll-year T . C. of Dw . of loge of data frbur thelr
9-w [ r .8 .  Y 

f  ?n .

ll. Tnter Dane of Tlrne Cbart ln Ind,ex of Tlne Charts aud Perlodle Tables ta
sorlsecutive numerical (a.nd, hence ln chronologlcal) ord,er.

5. Place nrrnber of Tlme Chart ln r4ner rtght hand comsr of 'flne Cbart.
Get nr.rnber fron Ind.ex of Tfune Charts and Per1od.lc Tahleg.

6. lloxt urake your €riA.

7. llov nake your tlne chart proper.

8. Recoid. on the time chart ltself ary cor{putatlon regB,rdlng Iength of lnd't-

eabed rhythls' or anv obs;;;[6i"-irt"t na' oce'r to J'ou' for otqtr" '6- g *-y-"'
also?tt or trLetrs nou try lJ 3l4r '  or vhaterer.

g, Record on the tine cbart in the lower rlqht ttanil coraer tbe source of the

data us ed 1n nakine i t.

I0, Do not neglect :o record ln the log whateverfou are able to leara from

the t lne ehar t .  .

11. FlIe tine charrs lnterr,ringledl wrtb periodtc tablee tn oriler of lenBth.
ghorl 'eirt  on tog, Fi le by length oi t ine cfrart and Tot by length of the lnd'reated

rhythm, burr croos tnd.ex bv leugth of rhythur or rbytlna lf you rrlsh. If you bave a

tlne chart and a perlodlc table of ldentical length, f i le bloe chart on toP.
Double antt trl-.rle tlne charbs are ftled accoriling to the length of the Have being

d.oubled. or trrlled. Thug a lzlz tlne chart nould be filed under 6, So noultl an

t9ll ttrne chart.
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[II{E CHAITS

have had lege trouble trlth tluc charte tha.u I expect€d..
corne up uhlch I rroultl. ltke to clarlfy,

q .

' FttLina Strnlelt $J.Opg-f i "." tO thq Co.nerlt4 PaIt.

Ir inss to shov tha slope of the bars should be ft t ted !g etg. I  often place a
nrlcr ctlratrnyq ovcr tha bnrs amdl ileternlne thetr glope by 1ook1n6 ttraieht d,ovn on
thc ugper etlee of the ruler. liore often I place a transgarent nrlcr flat on the
bara to qet an ldea of the sloped, l lne rrhich nost nearly f t ts al l  of then.

' I ehrqys connute the aeart-avernqcs end spoi then on the tlme chart, but I uevcr
lct nyself be }ound by thern lf, ln spitsof then, the aye oa.vs that a llna of lone
otber  a lopa nakes a bet ter  f i t .

In flBrrln.q the senl-avera{es I e.lvays usc tho nd.lgf bar, not tbc f .n of thc
poettlons of the bars. If I have an odd nunber of bars I sonetilaes use the nlil it lc
bar tutce; sometlnes d.rop i t l  sornetlnes nake oae tth"l ; t t  longer t lun the otber.

Renenber thnt lf your serles vere lonq enotr:h the red and black llnes vould
algqvs be'psral lel .  Any diverqonco ls therefore an error on the -Yrert of one l lne or
i the otherr or both. You get r ld of thls error (fn part) by avera:inr the elqee
of the tvo l lnes, but you c.. tn aleo nrlnlmlze 1t by keepln. i  the l lnee as nearly par-
s l le l  to  gtar t  u i . th  ae the e l tunt ion r rern l ts .

Donrt try to spltt eyelashes. Renember the tlnre chart 4lves only &D BIrJ'rn-l-
nai.ta!, of the len':th of the e;reles. Iou nake lt to get a .hltrL.

gonnect.trlt !b-e Bor.Jr,

One student rryoto to say that you eould eonneet the bera of a' t lne ihart to
Dake thero ahotr any len,-.th you nlehed.. Thte gtatenent ls not ontlrcly 30, Dut thcrc

ts a Bood ileel of tnrth 1n tt notgithetandlnt. There are often gereral t't8,yt ln

uhleh you cax connect the bars of a t lme chart.

In fact 'one nnrl the sane ttne chart rr l l l  often terre to Lndlcatc geverel t t t f f-

crcnt eyeles, all present concnrrently ln the Banc gorlee of ft,nrres. That le one

of l ta advanta?es.

^. Droulgfni cyele of ' thc aerles, trro, to help waluste soue part letr lar cyele ln trhleh

, 3lg.,l are lnterestert, and three, to glve you- hlnts of . other cyclea alio -oreeant ln thc

i . ,  ler les.  
.  " -

I f  yorrr obJeet ls the f lrst one, you cotutoct the bars to qo rrhere they v1l1--

, iog lonq as t l ,e,r oeel l l r to aropnd. a strair,ht I tnc.. I f  you hnve the eecondl obJocttvc

f: *"-ary to hold the tlne chart to the len-Jh dcslredl.- (fn arrY €rcnt You alro look

.',,,for other pattcrns lnto rrhlch the bare can be flttod. )
. r i "
tir', -

Sii;
xJ; .

#;:i,
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Quertloa:

Itd|| (t), pa;. 18-19 ln rlfcrGnc. to lcasuruente of cycle htgth ss lndtcatcil
by tllc-cbari analyr k r€aAr ln prrt: trlnrr lf lrou arc rottlng utth an lt-ycar tlnc'
cbrrt,rtrA if, neaeureil froo tb. lrrtdlc of onr ctc16 to thc daLllr of 10 c!rc}.! laterl
.....t Uhcrc 1g tho rrnlilill cn of a eyclc on a tlrlc cbart?

lagncr !

tlhc coluor of a th6 ilsrt lroi one barc ruober to alotbcr 1. ltlalf a cycl6.
It rroulat tsve been clear€r. hovcrer. lf t hsif cgtil itlra3ure(t fron tbe ltiltllo of oae
colunn to thc dild.Ia of the colunn uhlch coneg 1O colunag later.' Scc illa€fu cn-
clos6il.

Qrcrtlon:

lho Is6t para6raph of ltan (t), paee !.p h referacc to lcearrrolelt of cyclc
lctBth a. lnallcatGA !y ltratBht llnea fttt, cal to the ba.rs ot e tlne cbart, reads a6
folloee: rla naktng thls couputatlon uith tlnc chartr of fractlonsl l?lBth coq-Dare
cyclo! ot thc sans lcl8th. lor qurple, tf ynr are norkln4 ulth aa llj|-ycar tlne
ch.rt choole cyclee for aealurcn.nt vhtch a,rc Il years lolg or vhlch arc 12 yeare
lonq. Do not lr.wc onc of tha 11 yeara anil arrothcr 12 years. n Slnic thc r6a!ure-
lent l! alona th6 stral€ht lbes vhlch have been flttcil io thc ta,r!, .,!al llnce a
ttraltlt llnc rlter or fall! a conatant arount pcr cyclc. I ilo not erc hon thc l.ngth
of the lniuvlalual cycl.s co'ulil affsct thc rerulte of tbc co[trutetlo!.

Anrncr 3

l{y utc of thc norl cyclc.to rqlreaent.thr succer.lvc rcctlonr of a tlic clurt
1g aealn the causc of your confirllon. lf you .utstltute the vorilr colrnns, I tUfn*
thc a.ntrnce v111 fcolc clGarcr. Tlus, "In lelrhg thls corpntatloit-lTtr-f lnc cbarts
of fractlonel lenglhr coElr3f,e coluug of th€ 3aDc l6nFth. Ior *oplc, lf to['are
uorklng Flth ar fI!-ycar tlne chart coqrarr coluams for lca$ucneot! rblch ere ll
ycara lopg or vhlcb are 12 ycaro long.n

Ia thte coancctton rof€r to illagran 2.

'hertlon:

Ia'flttllg a rtraight llte to tlo bar. of a tfu.re chart by tho !.thod of leaot
aquaros. I asurme thet the baae years (arsurlaB anmral ilata) arr taka! ar the X ralues
alril the years after bsle as the I values. Is that correct?

lnener:

lr e nrle lt lE urae.lrabtc to flt .tratEbt llnca to thc barr Dt ncans of lgast
rquarol.



'lI op lruop '>ulsnJuoc tI PqTJ nod JT 'ro..ltro[

. ?Jlaqc euTl .t{1 Jo ql:ual eql Jo ,/taa sTql qT ua?qluar eq 01 InJoIoq 1I ?tlTt I

i reAauv

'o1o i{ltqaI
aTc/ic ErllJn3ceu 'oaull lt{tTBrls !ET1lTJ ueqA IIT€Tcedr. 'tuTstuloc .q plno'jr ealloard

sFlt lluTrtt.?$tot{. I r'esaq rslI3 rroex zT Eluere.rder IIll8 p.)iJca 08 eult eql
. .ret AqE 'slcd3 eql Jo r{l}uel sql Jo r.Puluer e 8€ 3lq+ oG '-(aqTT t{lZI eql JoJ)

tr.II .II .OI- ,€, ,Z ,l 'O seuTl cq? requau 1r€q3 oull rEef-tr'Tl rn tuTlinll eI€
'riof 

;1 elriuE:e ro{x .: lrad.uT tpeer tI e8!d '(J) uall Jo r{aBrtnr€d lrot eq,I

u€Tp3rr €itl a8n no.d oP 8eb€raa8-Tuas Jo poqlsrl 6t{1

3 uo Ttsent

'uBTPatr e{f esg

; IaABUy

gu€ar e{f Jo
.aq ouTT lqtTEJts € bulliTJ uI

3 uotfBe\

.e.oqa.CTeluTpouorT uoTX.onb eit JoI soTlsrlEnIIT sql uT
s€ tuTlEnoc dq {I{otnD ortol' eq u€c 6F[1 ITTsnley 'e'Rq ra?Ja l:?ei oAl eQ plnoA euo

etppls grtl 'os9q JglJf 3J3e{ ealql aqo ptr€ 'getq r91Ja srael oAl ouo 'es"q relJs J!BeI
suo eqo 'seTJ$re eerql a.ofit noA JI gull, 'es€q JelJr lrrel eql et€r.la no.l 'ee;

:teASUY

lloa$og 
'sraqErur Jse.c

.ql TUn ' 
FlsD ten|tu3 ftryrirnreel e8€q re lJ;? cJ3.tr eql e'ttrets no.{ eltns.c I 

'eeltre ti
-!ue8 Jo-Dorlt.u eql trq laeqo 6u11 r Jo er€q oql ol oEIT ttTtJlr € tqTtlTJ uI

:EOIl3ort

.6 qcpl. e€S .uoTlT8od TEIrro!
-Iror{ rl€ql uo per€q rJBq eql 01 .arqe^ E3Tss3 s.nT3l X cql rol .uoll1Bod IscTlrer
rTeql qo ?e3"Q a.raq eql ol senlal rgT33r .enl!^ I eql JoE :eq ?TnoA fln frsa :{olnb

a 'ssrEnb. lftel .aq .oII lqtTBrls E tlt ol lrr3A op noJ euTl.Eoa JT .Ja&AoE

.8uppea1i1ru aq ol .(le f .T ITJ e[II $ltT€rl3 ? Jo Iorrnr"r snoToedr aql areq ua ̂p lrk 'aIo.Cc ar{l Jo suollllodEr .c[€a loe,f r pnq noil arer{a eq lgyu uolldeare lluo aq&

z eE8d
6 tueu.Tdains

J.L uos6a1



2, O 7?rt&.^, y' t 44 U/ -c+6,ut- .,f ,Cl-- -ai.AAz t/ J/..
>tuci* ,  - r+r. t r<t  HU;t^f iZ.r? e;  f  e74L. 

-

LISSoN Vt
Sqploent 3

Pase 3

+ /. Tlb.r u,.

to cj1t7/t- L*
*{tvc,., & f

A * b r t A )
hI.

u/.

g. n+oVda^A; A Cee vt @fu taz4lte<tz.t.Z;^at;.€)

@ 2rr.e;-.: .1h: c*,t,t- l-7zt (z;*t *.U bAaa y'Fa.l..4./b.Fta?

' /  trhtuJAt^- ry,;t
But A.t t 4

' 1 $ht-? /a:tg )tu //.5x1 - A: fry
./nfq.. -1h+o*2 U., ,re a.LV AnII-/L*
tLZ t< te ?'/sfr+.

o z e * ' : ? h r y * / r  + u f f i i . L t t
a.'.),- ,@ 4 ,a... h- 4 -dtsL tto b 7 t&,
, k;4. .4., .+.;7. ta x ?*. 

* 
a. .bt : - '

a
, '

- r  e
- t  /

//

o
f

t'
3
t
t
I
7
I
?

fo

, f

^ a . . ' - f r
ae^*.n4 '., ,Lq

* h a >

,Y 4.sv tt4r*L

4tqc.- A Z.;b

{ *

? x 4 -
l l

f t f
t o {

uarA&u*-i t* 
ltlL

7 e \ L f f i M

!2
4 s tv

/ - t(4t2
Q = E

? r =  e 2 * 4

4*

5'a u.r= t7.5, lul A.t t I
,f7 

,u-^l /btu Ce



'edoTs Jt'o
euTT Jnort esld,irr o? {s!rr Rod'uollul.roJrrT ruucllTppa sT.{? Jo l€Tt eql uT ..req1aqe

eloll 'uollTsod uetpeu .sTIl {$Eu ol 1T ptmortl alcrTc € r{1TA gop n 1so4 .JIaq
qc€a uT JoToc qcca Jo J€q uaTpaur aql puTJ 'gFdq eurl aqx pa1113i no^d.ralJy

€ e$n or rsaq rT purr 1 ar.iocrrrui ;lfio:r;.t:#'^i'^Sitirn$lri'ifr ll:Tffi=;: seuTT.;rno.( lTg 'BeiicJaa€-Ttilos 
Jo asn eql pauoTluau lou pei{ I r{sT/r $auTlsuos I

'BlroT Jo euTI eql pu? sqblq ;o auTI
sxrgt{c euTl r{lT,i uoTlcauuoc uT cluapnxs ,tq op€llf

er{l Jo oools aill b?:IuTrrJolep uT sI
.dlquauba.rg: e{slsgir Jet{iouy . €

'trelil uaen+eq JoToo luareJJTp Jo ut os.rpeTa a sr aJal{+ r{irnoql ucla rued,s.rpoTc raqiiTil
Jo suo .ro3 uacisJBolc Jer.lol Jo J€q a '$iTf'fFqTfg ;{glElf ucc no.f ?nq .prepuel8-qng

eJtt l{cTt{r.r Jo qloq ro euo 'gl;vd pp€ ro 'sno1 pue sqttrt pJapucts itql .Jo 
grysif lno

J.lo:r{? 411euo1secao 'enrl gT lT '4siru no; 'tuotr;.r s1 sTr{[ .nol .ro qtiq peuTulro]ap
,t1aa11Oafqo eq1 91 sou6.re;ard u1 pesn eq rrBc 11 1(an-no.. oJ€r.{A euoc 0? uua&.eq

qalqA ucri,eJ€e1o p.reprt?lo ITnJ jo .rraq I lc,{l :iu1r{t ol Llaas Bq,rc?nls aurog 'z

,ueql iulp.carcr aulT buTlceuqoc TBcT?rea
eql pu€ srtq prcpuBlE-qns roJ ATuo E9UTT uerloJQ aog 'sTt{l op lou plnoqe.daqg, .lI
salueciutoco€ llrt{l rttq pruprr€le tfnJ aql lnq Jdq pJrpnrls-qns er{+ r{BEp AIuo lou uor{l
Jo auo8 ftql puTI I 

'Iraq pJ€ptrets-qns € Jo asn sA€u ol e^ldq cluepnls uar{li .I

. : s/.lof IoJ s?
aq. ol sl.IBt{c auTl ttlTt.t uoTlcauuoc uI sXuepnts f,q ep€!' sJorre JaT-,.ic or{l puTJ I

.pesolcua salciuree aq? uT pa?€JlsnTIT sT tatlJ
sTt{,! '8.rt8rt lseJaJJTp o&tl lscet lB ur palcauuoc aq u€c 6p€qc euTl ai{l Jo lgott

'olbo1 s.rea^rt L Io pooqroqqSlau lueauaS aql uI e1c{c dua ;o r{$ua1 pus {tt11qeqo.ra
aql uo +t{tTI rroJt{f ITTti ^eql lur{'+ r.nn e qcns uT srcq Jo s.rleci osn ugo noi tajclc
reel.-L € Jo EelXTllqlssoi aq1 eletllsaauT o+ qs1;i nozt 'uogeal raqlo atsos r9J 'JT

Jo e'gcdc s${1 Jo ,iour[ l|puerp nod ;1 'raaanog 'guo1 s.rne.( x1s lnoqe alcdc o ieeaa.r
TI1/'1 tT lueaa qcTl{tt uI 'es.rnoc ul.io sll e\sl ol per.loll€ oq utc q.rtr.{o aurTi ruai L

ai{l '}u1q.ron a.re no.d t{oTql.r qlTn EuoT?LT.oep la}tJ6:r )icol8 aql uo .elcirirura Jo.[

'ITTr.l {r ualop .ro dn ou pIlB '{.ro1s uno slT ITal 1.rsr{c errTl oql lel o+ tucA TIIA no4 'Fu1:olcrra tl1erau ar€ noa JI pu€it raqlo orll uO 'r{+rueT .re1ncl1.reci lg1{l Jseu Jo XB
sTx€ u€ punoJs al€ITTcao snol ptl3 sl{tlq qcT{r{ ol }u3fro et{l lue^tJ ol 6J€q Jo s.rlaci
asn IITn no.A t{€ual a1c.dc $fncTl.rsd euoe olLnTaao ol luB/.r no.C gi1 -lJrrqc auTl .rood

tiIoJJ uJ€9I ol qsTrl no.d lltt{rt uocin epuaciep asn no.d BJnq Jo .r1rci. l€riA .1red u1

'J€lt XqSTr f1e1n1o.q? eItuTB ou sI e.rer{;, .ep€u eq uBc ecTor{c ifqf r{cTqA sT
sJe,tr lsaJaJJTp oJB oJeq+ 'p:epuef s-eoB e.:nJ qoT'{r.r Jo rtloq Jo eLr . s.trtrq Jo JT€o € pp€
ol loq Jo raL{leqr.I Jo (pslc?rlsocun sJEq ;o rluci B aa'6aT) BrBq Jo rleu e lno doep o1

lou Jo rei{q'aqn tulPTcsp-ol Bauoc lT uaqn 'Jaaar.ro11 'qFu5T uaa18 .[tre go 1.1€qc auTl B
JoJ s'lot ptltt EqtTq prrputtlo TInJ Jo erpci eq1 auluJatep o1 rtun euo .d1uo sT eJer{g,

PenqT luog-SnnfgC tlll,l,

t lueualdcing

I a8a6
r! ir:auoldcing

'ii uossoT

Ii i{Oi]SFI



t
I

t
I

- :., ':t
. ' ' '

' . t .
'  , . 1 ; '

i . l

I

P
I

I
I
{
I
U

il
|{
a
t\
I
t{

i i
d t
l hrt

TN
t
f i
$ i
{ d

3 i
{ \

T, I
! !
{ l

,  | \
f i
a i

l r
.l
t

T I
t t
R I
s

I
I
t||
{

I
a
t
u

\{a
h
h

t
rr

t
x

3
rt

n

N
t
t\

i
T

\
o

t
t
t
E
p
\\

q
a

E

T
t
\
q

I
I
t
t
I

t0
.l
rt

\
N

i

E
t
{
h
o
t
oq

I

\{
I
t
I
Iu
e
i

l

t\
e
I\

t
t
ut
I
t
a
t
\

I

o

i r
il ,
a

-1

I
i

Io\
3
t
\,
\
t

\
h\ :g
\

t l
f

t -
_r-, I

t

I

T
_u

j

\t
. t

T
I

o ,
,llQ Yrtt, slYtl

la

t
t
{
\
t
I
t
te
v
t
!
i

t
I

I
F
E
\q
vt
t
tt

t

t
N
t
\
tq

\

{
\
U

N
i
t!.

s
\



T\
I

tT
i Il
I -1 l
rt\
I$
Ii lr

I
t
Io\ lS

I
I
tIIn

I

o
!t or.

TT rr
al I

it
9b

il -l.

rt
*rJI

l.t
!r
xl I

!l
rl T

ir

rI
ir
i?

TI
I
Ia
t

ll


