
33 lbn ths  3 .5  mnths  la ie
36 lbnths .5 nronths late
38 hbnths 1.5 rmnths ear lY
10 llonths 3.5 npnths earlY
42 Months 5.5 nronths earlY
4l l ionths ?. 5 nronths carly

I f  raves  o f  about  these length l  sc re
prescnt, their srms after guch phase shifts
rould not give a true re$rlt.

Arother objection to the use of q-C md
9 - D  i s  t h a l  t h c y  d o  n o t  g i v e  a 8  g o o d
e l i m i n a t i o n  o f  o t h e r  r a v e t  a s  9 ' A  a n d
9-8 .Trc  g raphs  arc  appended (F iguqe 8) -
dnring a ornparion of the action of 9-C
rith 9-A 

"na 
9-D rith 9-R. This ahors

thet Metlrods 9-C urd 9-[J have very peC<cd
bottonrs to the elirnination curve, and rculd
not,  be vcry ef fect ive in rcoroving raves
c lose  to  the  one be ing  fu l l y  c l im ina ted .
tfse of ldethodg 9-C and 9-D puld be very
desireble to give resrlts up to the current

501 Finucial &nter &ri lding
Los Angelcs 74, C,alifornia

date ,  i f  thcy  cou ld  be  re l ied  upon.  I t  i s
ent i re ly unsat isfactory for  th is purPose
i f  the  rave  be ing  deve loped is  I  SrouP
ins tead o f  a  s ing le  one.  I f  r rsed  a t ,  a l l ,
fu l t  eongidcrat ion must be given to the
phaae shift, snd the fact that the result
may be inacctratc.

The hey to the use of Methods 9-A urd
9 - B, and eny 8ccompanyilq Pnocess' auch
as  r  nov lng  per iod ic  tab le ,  and nov ing
lveraf ie conrbinat ions,  is the Preparet ion
of an-enpt i tude table for  a dde range of
rave lengths, such aa the one on page 89.
It should be essumed that vcry neny xaves
nay be  present ,  end tha t  e l l  shou ld  be
near ty  t l in ina ted  cxcept  the  one to  be
chorn .  I t  i s  ra re  indeed tha t  a  s ing le
operation dll shor a tave rith any degrce
q f  f i d e t i t y ,  a n d  e  p r o p e r l y  P r e p a r e d
urpl i fi cation tabl e changes strch ̂  operations
from guess rcrk to scicntific planning.



(ae+vell . o

rV'6 0OHI3n UOJ 3'I8VI NOIMIJI'IdHV

I 3lsVI



i///iIE

JT
+

.{h

a
6fi

I
?

/o

t {
r4

tr?F

.t+r-
'2L

t l
TL
tLh

n_
*
3

lr,
3
ta
| -

itl
13
o

.€

.I
l+

lYiz
i-3-,7r.t.t
' r 2 t l

r l
r 7
2 0

2r-
2 5
z 1

7
?

30
tz
3 t

5t
10
1 t

A
2
2

67
t4
g'l

c3
1 6
70

4 1
4 C
1?

7c
9o
c +

1z
?c

foo

to l
t t 1
/ 2 6

I
t,

;



$
SrroetJ lslrt

'(8le+vtslf

.ooo.z ,rouJ
8.6 0 0Hl 3h u OJ '31 I

9XtOvlH XnO'103o

tit
Dir

ir
i*,:t

lcvrl.ns
. O tl lC

-'v',
-o't,l
,tb'l
,oVlI

t-9

b?'
t' 7 g'l

13''t' -o'or
' 5r'l

tl
io;Jrr
rbi_
artJ i
trt'r
7-or-
ITT

o?l- 'qfrI
roT-

q+iqI fiq'-

wn ttrtt

b?''oiI
Ltsl

-ti7iI
-30tvT
'fp'otl

' a,J l.
'ooVit

TtTit -U 
T:I

f,antl
o rvir

bt't clt

iaVl
;,'etl F:^r-i r

o'to to', -[, {r'
T,b:6f- .TbPt-07 d'

,'c oi-

o,o-rv
.7t7irla77t
'tT"?jl 

r'r L btl

;r,t !6n
,,ouir
t, L',l

L Lltt
ru| T

Drbir
ai-o7T
4cvlt -ut.blt'

tztn
ot:DV

o"o or-'e o'gll '"Vtr.'

"dl:jr'? 
t oi- .L-L; LT

-.e -'

c o'l'l
7'? a'f'
ett'l

'Jt'./
'o b:t't

ooOl"
o otl-
bt b'l

6,tr . . ..-t. -t_
O:O O'

bt:t't
o,ViCll
o.?l

Lrbtt
o et',
btll-

o+brl'o o.of-
b o'o',9

?.t t:
o'O O'l

.o c7fTov'-'
o 7','f

.3'o+it -o o'trloojf
,tt'

;;i6V 't'b]fr-
Or O'O'

o-o oi
Eo7'7
o'of:1.

b-o 0i, 'o otT

.'1,?uq) EnlO 3'ILVI



a

r
0Lt o:*

i l

'?-=t
o-;{:. z:!i1fr'l.{ *#l+-t1-ft 14-a, | ?+,r? lo,.Li- U/AVI

,fo o
r o  o o

y ' , o  o  o
- o o o

I , f  g q.
l^6 o,+
-i  o o-.o
l -  a. n.e

. . o o o
. - . ; a q . t .
ih,o-oU.

2 a . t

1.5.o o
j t . l  t . -
- i O o Q

" L e t

lrCQ o
L c o 4 ,
, ; o o o
l : l O a

i o o o -
lo  o '9 -

- Io-o o..
a 1 ' z '  0

f,co o
L C o q
U . o o o
|  2  o O

f,co o-
. , L 7  I .
. r O  O O

, L A  I

-o o_?

.- ' ,Ll l  I
*,o-e-o

' 2 e ' t

4{9 o-
)o.o-.o-

* , o o  e
' , t S O  

O

f,
):
_ t

{.o_,?.
.3,1J.
o'o -o-
A a t  t

1ig:o ta

1a9:e
-lO',O8-

-i.o-.o-J9
Jlt t
Jzo-V

I t-'tl.t

3
.l/l
+
I

, t C q
l,,r o o
.?r I 2'' r n  + ,

1 , 4  1 o
l,{o o
,7. {+

r  t a Q

. . , f  t  c
i o o  o

l ; 1 e 7
l ; 2  2 .  - l

t c '  I
I , { O  O
l+s+
. t t A a

1 ,4  10
lt&o o
, 4 C 6

t ' a 4  ]

. . l . f q
, o o  o
t . q c 7' l  , e  a

l . l  ++
L,f o.o
.?  C4
r - l ? . ' l

l , ( { t
l .c c o-
i 2 l  *
,  I  ? ' r ,

t o  o ^ o
) o a - o

1 . 8 . 7  d l
l t Q 2 z

I:l-+ 4.
l .s.Q.O.
,Or f *

^ h O

-, , f0.3
I:S.o_o
-to'.eb

t A l ' f i

111'a
l€o-a
L l ? €
t : 2 d  d

l)
I

.-i
I

t 2 1
e.aa
o'g?
oo'o

4z
4
tf i

, - 9 0 0

1 , 4 + o
. O o  o

I  2 '  C

/ . o o o
, 8  2 3 .
i C 7 l .

tLe t

l r o o o
, O o O

l , t o . t l
o . ,  L

- r o Q  o
-;C Ir C
1 , 8 0  q
t  n a r )

l , o  o o
r , 1 + o
. c q  I

, t a,,e"

, ,o.e o.
I ,CQ o
- iQ.a ,o-
t . r 6 r ,

l . o o o
; ?  3 1

_ . L q ,
L Q z

, o o  o .
.? t  +

l , t  o  1
rttt tt

I. o.o o
L S Q  o -
l, a Q.1
' - L 2 l

l .a o Q.
J.c *h-
) e o o -
t a 4 1

?ro.o-Q-
lBl-a
\t al{

r O - ' 3 ' ) .

rqQo-
)4,t+
-tQ-F-g^
4 l o t o o

2,Q-Q-Q
lsara
Aeea

l q r :aN

t
,
/o
ra?t

1,1 , f  4
, . f  o  o
,o {+

t . ,  l 4 t
l.f,o o.
, 2 t l  O
o o o

. t  sq
,t,o o o

l ,o t  t
4 3 2

. . t . t l t
l,to-.;e
I t  7_q
t.3.r L

l .  l + g
-.fg e
l , c 7 - q
t  a . r , l

1.1. f  q
_ .o  o  Q .
1 . o 8 3
t q t Q

t . 4 € t .
- . td  o . .o
_,r.'.1 .o.

: Q n t t

;,.f t s
l, {o. o.
.,os+_

, l : l  - C

. .o .04
fu,o-Q-Q

. 7  f J .
I  t ; t  r

l; l-s t-
.  r {o  Q-
l.tl-t ?..
t  t ; . t

-t l'€4
l,So'o
-lo'ag-
t * a i a .

t;I# t.
llEe:e-
tlAoi9-

t A l a ,

tt6 t9..
.to.3P-

L',LL*,
I  t O t ?  l l

t /
I L
t2?t

t l
' t c ,  

I
1 , 5 0 0
. L q  J

t . 2 2  3
l,.t 1 6
l .Q  o  o
, o L ' ,

. r 7 1
l , t o q
1 , 1  0  1

'-(-(t

. iQ  o  o - -

l , l -o .+
* . o e E
t  ) ' r  t ,

In o_1
l . e . r t

. ; I  7 7
_ ; t  ?  L

h3,* l,
i o o o

J,]t tt
-It't t-
)tut| ,
' ' L D A

L t q  q
.la l.o +-

;o -o  o .
: O O  A

1,fr-?-t
I . ,  o_7
-t*  14

'4-f  a

. . Q O  o -

L,fo e-
r:7_o 7

i  t  . - (a

l.&qL
l.g:QA
t:-9-oE-
, .  a ' n ; 2

L4A',3_
tltg-,c-

" , O O  
O. + - - - - .

l . r r ,  U

:Qo-b-
TE A,1
LO0-.e-

:t) 4 tl

/1
t5
/f,
t J

tLQ:o_,9
t '  O : 2 . 1

, 8 2 t 1
t , 4 7  C
? . o Q o

. ? ' t 1
t . o  E  I
l , E o g
t A r a

. , Q Q O

._.+s.+_
t i r o  I
L n  a  a

. ? 9  +
-iQ:'Jr1.
.-.;..4:Q:L
l '  . f  6' ,A

. .r-2 L

.- iof*
r t 4 . ! _
i4  a , i (

l ,€.2Q-
tf*
t o  o r o

1ii--t

-l.t Q 4.o-
l io  t - l

- t  l  t L t
; iz;t

t,1.* o-
t:(,? !.-
. i t , q  | .
t ; i L l

L'{o-o
l - i1t 3
t)9 el
l a a ,

- i2:9 *-
A+o g
lOaO o
t ;  -Cet a

-.&13
.-[QO-Q

t19j9-4
t  q ; l i t

l+tr-,*-e
),7 f_+-
lg,9:g-
i  Lt ,2 . r

l-€o-a
l tSLtL
).4 !rJ_

a d  o 6

t,
t ?
20
t ,

' . ] ! + L
- , f+O
. . . t  3 ,

. o o o

l .a- ,5 ?
l. o. L '1,
; f ,o o

t  t , a -

t,q. c Q_
. L { ?  7
-l,o o. g_

L 2 1

I tQl r 'o .
t:i, I t.
l;,f o o

! { 1
L?'lI E-

+|9ffi
4+a
t 7:2'.r

:2io.i9 q
t ' ,  i  ot4

'  
t { C  L'i,{ii

I  a o 4

-.t ' f  q
-?. i,{

l ,  { .Q,o.
T .  S A .

' .o 'o  o -t {tf-
ie,t 1_

Jl ' t  +
l l ' a  t

t,l€3.
ttt's_
- isQh

i c r t : ,

l i $ € 9
ltLQ e
l.de;e:' 4 4 i 1

..f.6-s.
titi4-
*iaoe
t ' . t ' 7  b

2 t
25
21
t A

Ltr I  1. .
-r)c Ce-
I  L'- l 'zi e  t , ,

. ' l - . 1  s
- . *  o  . t

, 1 - , ?  , 7

f-f;
I ,q -E &
l . / ,  c . f

, 9 O O
; t o l
. 9 ?  7
re l  a  Q,

. l  I  , f .

.  ,O  Q ,Q .
,a 4'q
'  l - ( - l

*r.&
. I ' o  I
I o.:o
6.4  ?L

.  j t -e  P
Jho-p
-+Q:i'3

i d a t D

l :3'.f 4l
4s,. Ll
118*i

l,? 4 t.
r,4r'f
-.7,7.7.
i a - r3

t,c.1 t'1 .3. t : i

t:7 *t-', z tlc,

I t 1 7 - *
h.14 o
I-.r0,*-2-
t \  , ' L l I

41f t-
42 2,+
tlo,o'a
t nl^c z

- t  I -L.€
-qhol
l;A2:3-
d q'.t^l-c

: ,  l t
- +Q?.'A
-19.3f-

lal '-c

/ 9Lo
zlgt

2 C
2 7
2g
.t ll

10 0;o
I  t l ' , t \ t 4

h t  o . Q
l ;7.o_ ' ,2
1,1 , 8'.?
l : O 4 O

) l  q !-.
.tt3 t-3.
1.8-'€.e-
,i-o o o

; 9  ? : L
t, g'9.'9-
\c1d,2-

) ?  1 0

-to,EE
tt. t ,8"

t * I  . l
t i . t , L ' L

'  : O  O o J9 E 'S
-lo-L.7',SS+

Jl t  i '?

.-.13 iI-
-;o-:aP-
l1i,!
, N I L L

- l
-l
-)

e-LL
e:u7-
';*

il,foJ
JE,T -'-
-l.o.cz

i ^  L d

t;A'.aE
Az'p)t,

l q  o q

il{:gP
4o.Eg
l i  L t o l S

4
A

L9:L
a'gJa
e'a 9

3o
-72
3+
z L

.Jetq 'g
. ? o g
t i . f .a ,o 1 1 2  t 4 ieiq, l . t t -d a 'o

- l '* ,o ?
te P- o-
-  ) E : a - E

J i1 .? . .1 -
la|-=Q:1!
4l-t.t l
i  e"Q,.g

Iie 7-8.
L,f g L
r+'g+7_
l :  ) .1Q, ;2

l ,q  g  4_
l.,E o-,,
Lil.:crQ
f ,. '-rt itt

I;4 e- L.
l . l l t
l ; t  I iL' t ; t r t l  

i ,

Le .7 .2
l L  OoO

t , ! ? 7 d - tilo I
ae.o q
ia.z*
t :  O  Q , Q

t iQ. l2
t i cd ,c

-4*.t+
ilaoo

. ,QQ-g_
LLAL
a!12
t 2 . t L ;

J*-t-g
-Lo,.g.o

.1.7-€I.
LA:L

J?
1o
f t
t 2

l .q;r ' !
_uq.L+
L t l  o ' 3

I , 4q i7
t t  O  A , ' A

t ' t? 7 l-
l ^ 4 a a ,

j;At'+
i  ^c1o'o

Jo'+o
i t l Q : t

-a+-4-
a t  A

9 + 7
---t + L
--|r,0,3;+.
,!e-o'p

t9-1- Q-
- i  t -Q'1
**:A:+

_,.tlt {-
:3.1.tr.
U-it.t
. ,  o l ' .  I

' - l  { t
--1,f.*.4

i a ;a " - t

l . t  1 r .
- 3 q {
J_o_s'  I  h t , l t  ,

, . + t +
^ o c t -
)2t-?

, 1 , L *

i ; l  T 3.
1&rf-
LQ!qE

I  b o  i t t

L s A l
t.,f 7 7.
A2'.€L

i . l t  i ,

l .Q {q.
t;.1- 7 S
l.|f-'Q 2
t i  t . 2  7

Z e a p -
-1.1.I !
Lapl*

L A 3  C
j,7 7 o.
l9 t.o-

t ' . a a t e

L l-1'.9
Lgl.z
ti,g,lcz
t , a a  Q ,

-i.{r-€
rw9
A-fuL

-i/r,J;{
if.*a

tio_.op
dz.itlt

1'1
16
4 t

I  t t L . l t  i t ia l  z , t ,  r : a  D

-to-9-'9
+e4iz-
)L.ta
i  t , r ' , t

Jet.p
i O o o

+LV-{
__*q*,7.
JQ'A-*
,  o i r |L

j*so
i4e-7.
-b0rgj6-

I otl'-|s.

)4-t St
)*.t-+-
_l_e{_th.

t ,  O o'o

_;l t9-
_ j+-Q't
Jt +'e

i  6 ^ 2

- '37 t,
..L(,o-+
\2t+

l o t l t L

A tke
t '2tC

xa,4.
rhe+
JL3'2

|  d a ' a

t ' o  z  . l t:.1 'r'* L|*L
Ll*-:a
I+tl;4L
i lUt  r t 'a

,tz
s1
s7
L 6

rit -t tt- l;trtt
-Iar

I t i n t t

_l

i {l*
t i a i t

Aqoto
l l t  n  L e

4ele
, ia:616

'?'*]9
t e  - r l t

-i^Cfhl
13.'.t g

I'q+*
t t  s , ;  - l ' L

v-'&ft| _r.t.-r
t2,3;-1
i[.E -e
i l iT:.L
i  u '  t ' ]

-jL;&-,o
rq-lq ,z

\o_++-
-tt's q
;3 . t  t' :SL*

.t_'J_

7.
€

l -  . o  e
|  - o 7
Ni* t*
t : + l

iA:C.Lt
r4s-

i l L ; l

!'t+4
. a i o b

J*.t tL
l o ,  l L

)7'g-:t
t lta.'a

4t
l 7

2#
L t l

L
L

if.,ig
v4:t

C3
c(
7o
t ,i*t'j e:t, f

+ -

l-g'z''rl
-dt*

-jo:e'o
1 .6 ' a  I

) r * i t t 7 h
L

l a  l r
;V'+ , r t , q . '  C i d ' , , c 7E-,t 1lz.'aE t l n ' . 3 t m

-,18+-:1
l i  7 ' .o t ,

-I;4Q'L.
ti€,1 t

_1.'-+'4*
t,+sJ

I , Q C '
IA.9 L
l;t,e-:?
t . 2 ' - C  L

.A,L3.
tUr{il
t ;1.1b
r '  .C l i t

...7.
l :2
t ik
l r  l<

.r{
q - o
*J_
t 3

.-r*€+-
- r t t i lL
.it.*Y.
t ) t ' * *

*twh
,i,+L

-lt2.L
-141'.
-,.Joio.

i , t iq ' r t

-1.:o.{--Q-
_ie+!l
JttL+

t l  L : L

Jo'q'*
_Lie9.

. ;2, ' ,1'a+3 76
&
34
0e{tnair

ftr
i i 4 ,4  n

ii'jij,
, l  r t 3 i t

Jt.k'&tr
tlc L( tc t

Cit
'  da la

-j^e:,i*
I  t t - rz

Qio4
6lt: I

4ryJt
l i a t L " s

JLES-:+.
t i l l* |g

n7 7.L-
-Lt.'4:7.
J,q Q O.
,  a a ,  t

i lL"9_t
A?ir*
.atL! .
t i  c  . t ' . r

Jt fi7.:0
i-oiolt

_l:t,b.
l |  L ' .o

L
a

l:2,9-{' l:cop-"
t ' 2 ' t | ,

t
t

zg][.
i lrB

Jl't iL
A r t t  o

-J,f,|-p
iTaO

,rL{
Soto

It-'*L
UAait

?2
?6' /oo

, c L
a9 i99 7!T1re Ai'L-i : l t  ElOl* _ t . i

, ' - '  4

tt
a

I Mr13 t:r.a e
'  L ,LLC

t , l t h lL:q':t t1,.aE
1L o ' io 'D ,i t', it l,TiiF i ; 'Ea 7rila t t  It , ) l a l D t_|ac

1 , 4 , t ,  a .t-g-1r_
ln il a-

e ;o  a ' a L t l l  t
l;Q-j.E.
t ie i , ,  , l

I:tL 7.*
t , t ' e 'a

t t a . L ' o Lt,l
t^ r'L

t t t L t . ,  L \ l..t:1-L
ATEA
, l r i L t L

l ' L t  L t to 'J.1 L Q:a.2 r o l
t t *
l r o

AA*-(

fff
t  o  n L ' i Q :  A ' lfr tLt.

---
l 'Ltt.7 e t^tf o o r|al' I t iai tV.

iztlTi ti l'-/'t i'ff ;7o8 a 9 idnh aVil t l t i t n I o 9 t t o9
- L -

-1.-r-f _1
- J -

I

t -



I
|..

I
^'

t
P

t
l,

s
s

s 90eo 5 _.C _.t,
oc t+c o
-loll
il'- 1f, .= o. -t o-a

E re;:l
3:.e' F
:sei v

+

I lcnd
'69i l
1^ r'o o

At' c

1I9., ;
;-: i
e13;
;X-l -t - 

_{=
a+

I 3*: <rfi r -r
rO

C r+ O,O
-t o
aovra
D (Dt
_(/'El o

.c ql -r

<3 -r
_.O qr {
o
ooor+
g' rro.=f

$
s



T a b l e  2
S e p a r a t i o n  o f  T h r e e  l l a v e s ,  (  l l ,  | 7 ,  a n d  2 U )  b y  M e t h o d  9 .

o r .  l  o . l  o  t  o  l  0  I  o  I
f l  t t  ? r  g . J r t  ( l 2 A r t z B l ( t r A r r 7 8 l 3 . 6 0 6  ( 2 a ^ r A { B l ( t t ^ i t r 8 l 2 . 9 6 6 ( i l A t l l 8 l l l 7 A . l 7 B l 2 . r 7 5

.o  oc

. J } t
. 1  t o

, o  o  a  . a c a
. J l t  .  i t l
. 3 ? + ,  . c o a

. a a c
l , t  3 t
l . o o t (  1 r ) ( r7 ) i (2 r )

. 7 { '

. r e a
)  e ' r l'lr:l

. t l r o

. t e . l
, la  r l
. lQ  a l
-'l.)

t  a+-' 1 1 + l
. t rD 3 l
, . t4 a I
, r L > l
, e t  L l
, r t  t l.1111
. o o o l
t l t l
..4-e 1,
,a t0 t',
. 1 . r a i
, l a ) l
.,-?L
, t r  a l
.{.r.af
. r . + l
^ . r > L l
. ' r 7 I I
. t a l :
, c c  c l
. t  r |
, L 7 +  |

t L  t  I
,caa l

. t a 3

.1a a
t , . . 4
. . ia- .
. a a  t
, ,  c ,
,lt0 a
-r{t
, O a c

rfl
.J.c 1l
. E a 3 l
. 1 3  ( l

l , O  e  4 l

,+L LI
. 8 .  . l
, 2 .  7 l
, {o  e l

, . 4 t 1
l . t t o
t.{, O
-r t t
. o a o
, t n 7 ,
.3 ' , c  2  ,

r  I  z l t 7 a

. Q >  t t ,

. !  + r l
, i o  4

Jr.Gl---
. l  r q

, .  D l r l
t , t  t  c l
,  L t  . l -
, t a  l l

t  a r J

.+a )l
l - .  a . l

. r t  7
, t t *

t . r r t
. 1 . t

, . r t r
. J l o

t , t t ,
l ^ | - . L :

t . t + ,
t , t  t - i '
'?.+ | ?
, - t L -
) . > a I
t . a  q  I
) , 3 t - l
. a  t  a

i7fi.-
a r r . .
. a a  t ' ,

Le t'J_
l.ct ? r
t . l J t i
t , t { Q i

- t t a l

:
:

tsi  r1--
. ,  t . t
. t o t

b g q
. r c  a
.,st a

. o t a

.rr1
t.t

t .Qt a' ,
, .o t t l
t ,o, t  I

, r  1 a
,ao t
. 3 a a

, t a a
, Q 3 3

t.a cc
. t  lLL

, . a a a
. ra ,
3oo

ta.,Ca

.>, +l

. t.frl

. r  . 3 1
I  l - l

, . o  t  t l  - ,
t a l A ' . ? l E l
, . 5  ( l  ! . t t  l l
r t l r r l l r - l r l

t 7 t 1 ,
. 1 t l  I t

-a t ol,-
.  Ja  t ' ,

, a a a i
J +  t l

a t a l

l , r q z
, >  r ' 2 .
t-+t tl
7-L=-a---
t .  ' c  l l

t  t t l
, l t o l

.+rt

. t J l

. l l  c
a ,  l ^

. . t + t
lr,t t.l
) .+? 5
a  t a ,

. a a 3

. a a a
t . o .  o

a L l

.  a  - l

. l+r l
t . a t I

, . + t { , l  r e . c r l
a.( J, .QtDa

.aa  a ' , r . 10 . t
t  a  a a ' l  . -  a 1 t l t

. a r l

. a  1 , ,
,.1tt

a  ^ a a

l . t  1 t i
t . t  +41,4rr.l

, t  a .
, r  a7
. toc

, le  o l  .a t  a l
. r c ? l  . a Q e l
. t . - t t  . te al

ii',)frl
. i r  u l  , ' l i
.et'Jt ,?ltt
. t 1 ,  . r . t .  I

:l!,i:.12?l
. '.t"r:.tl{l
. ' I  r '  I  r 4  ,  I

, f1

a t . u ,

.?.dlti
{ o l  '
>n i

. .aa, l

4l{'1t

t

r f  l -
. t a

lto O,

t ,'.alll
& t l t l
. ? . f  t i  .

t , t te"h l . r  l
^ca l , , .e st
^ooa IAQt ,
t .  l r a l . , a . 3 a

. a ? .

.t.te
Jra.

^1 .3
.71  a
.tt 3

. t ^

L a  a .
-.10r/
.a rt
-t ,St

J)?.L'22.
, L 1 a t : 7 ( l

t,r37 .(., c
t - t ' f  d  ^ 2  ^ ' ,

r lD/
ll+to
,.t>,(
,'.t {

&,..

t .ct t.t..r.
t l , l

A l s s
h e a .
.c1t

. + )  I
l , r ' f  I
l . c 7  t 1
L . . : I

' l r  l +  . E . .
2.Sl  r  . ' l t  t
A l t (  l ' .  o .
] l a ^  a L  L

,.lol
, l-a. ^,

,l iel
l , l  C  c ,

;*ftF
;'.J e I
lha<>
l t  l - ?q -

, t a-tt-t I

, 7 l t a
, Q .  >

a a L

>. i31
>.c,I
I t a - t

i. i arl
ulSlJ
. C + t 1
.oco l
. a + t i

t ' t  ? l
t  ) - ) l

.?-e .?
.fo.o
.>f.f
. o c a
.Nt
.Ca.

a  / a A

.43--l

. rJ,  ! l

. r ta l l

. t Gl;l
r  a . . l

.tt rl
;"t ol

,,tJ+l
t^a la.t.

- r+tLr t l
. .o ta ,  t .o ! . ]
. ? f r l , , o r ? l

|  .  d  l l l - 4 . , 4 1

. ?J  l :
,ra)
. v l  > l
s - ? t l

t ,y t  3
t.,t t )
. t  t J i
/fAr

WG
it,1. l l
i r . a . |  r
I  a a t

I  l . '
a 7  +
t g r

,r+r+
,fr r
.coQ

.  a ,a-

. t r o ' ,

. 9  t  o ' t
J'a t

_.aat
.i4 0
. J t  a
.1100

, t a ,
. a ?  +
.aJa

a -  L ,

.aa a

. 1 0 a a
t .ao.

- t ^

t , ta  l  t . t l . }
, . t  d a l J . > f J ,

l . a L l ,  Q J  r
t  ) ,  t j '  - .ao

.tl.tl t
I t  o
l l t

- .a. l t .or .
,? I  { i  t . t t .0,

t . t1.^at .
t  aa-a . , - - - )

. r 3 ,

. a f  I

.at}J
a a ^

] )  a ,
1a7l
9.ooo
| , . - a f

r ^ t l t l
ja.l r',
a.+r4
a  ) . a - ,

. a a  3

. q . a
,.a tra

a t 2

..l a)

. f e a
t a a

a ta - .

.eaa

. ?oJ

.taa
a.-at l

Lta r l ;
l i } t e  :
] o t a l

t.alt t.ata
^) te.t., ot
)r..r.rrt
t ^ c J . - .

3.t
,'l.t O
,aJ a

) . 1 ,
) ,Qo 1
t.tt,

? 4 .

tratt
t  . t . 3
t t , s 3 t
| .Jag

.Qa t
.ra o
.e,a

a a-,

La+a
).a 3,
, . 4 t .

, - t+t
t,rt.
, . ] r7

2 - t

. a a a
. ?  c7
.ec.

.a-L

---1
- --1

. a t t

. } ' r
, 7  " ' 7

. t  a e
! t e
.7 . ra

. a a a
,rt I
, f r r l

. . e t ' .
l , t  3 ,  i
l e,ff I
sl.-?o I

, t-a.4.
. t r v '
. r f : - l :
.  - - 1 !  |

. ,  1 . r
t , t  3  7
t , 7 w
r l-r .l

.-,r-iA,r .a .r4!l
Lt..ft
h}LL
, a  - i  ,

,Oatl

I

,aa-l Tl

I
TI

. 7 t o
( a r

.aaa
f a a

. . , Q a 1
. l t f  ,
, 3 ,  + ,

- . l L  I
. O O  O
.ra l
. a r +

. ̂ aas

. 1 3  . 3

. ta3
l . o . . o

IJEI-
j o > l
, 3 ? ' } l
,  r L l -
.aa +l
. a a  + l
. l l  t i
^!Q r 2,

h t  t t ,
t . L +  L .

L R , l

PJr  
" l, . q t ! l '  .

t . > + ?  |
r { t [ -
. a t  r i

L r a  3 l
t a . e l
,  a ] . 1

) .vQ)
),lr l),)-+L

---J,
I

. t l t o

..rt0.

. r3 f
-lt,,
. > ,  >
. 7 t '
, a ,  e

. u  3 l

. r . . ,  I
, { l o 1
.f^r4
. a  a O
.rtt
.5aa

( 1 +
z q { ,
- : - t l

t . a ?  t
l oa t '
l .a t*
t . ,  tQ -  - -
t c l

t . r c L
l t  I

. a a 7
a t a  a

. 1 1 0 4
t a a
. r 1 0 4

C . '

, ? t + l
. C l C ,
, r o C l
a a a .

a

t.ta a
a.ct.
)t.t
a - - a

-(+ |
. ca  o
{ 1 t i
^ Q t  o l

. ! .aa
. r  t a
.t>L

, O L 3
. l r  at

,.a.a
^ a a a

,5  c . t  .
. r l h

t,c r{,
t a f  r l

,..lal ?
, .ao a
t . t  ta

t ^ .
L

. l  l .
- ra1
. )  a .

a l  t L
.r  ?g
| ?.r'
L r , . .

. a a a

. J  o l

.Cco
4,3a

.a  a+t ,
- C t  ) ,
. r r l i

L . 1  |

. t  a  t

. t  e . (

.+a ,
.l ' i r

. 7  t  7

. . | t o

. l t o- L r

. o c a

. ta .

. a t a
t ta -

i r  , J  . a a a

iiffi
rr;el
, , > + t i
l .o t}. t f

rr  i \--
. .) f l
. e  7 , 1-t!?l

a

I
tFhl c i  trr} '

-  - . - t - -

thr.lr rr

-  r? .1

draw I thn a t - ' i r l l - h h

,, ,t ,l .t, I
. r r i l  . t  a +
. > f r l - . ' i t +-  - l  t " o

I

|  . r . f .3
I .r e.r
{  . f c . O

F-..!
I

---lJ ?
. * t
- i 3 (
t . r a /

I

I

hgrrnanls
!cpafetcd
tha lnna

elrtlonsh
by tlfthod

p, oln bc
dl9, lf no

I

tcou;
too f.t Il

Tgtrr

I
I I



- 
lvl' lrr{'.
Jo lgtDl

t qtoo I

r!rrl etl

GII r
I Foor t
Fsf 1p'1

cql .'
tlq

wlPqt

-+{rur ra I
ratoo tr.]

oc rl Polt
latl orl ;

elrtl Fr
lrdoa fl I

{ tlt{rrr 9

I erH Drrt
rrr lrrut
t rrrr[oD r5stIt-qtTrr

I
I

-i .--

I
I

I
I

I

I
I

,'T3r-tT
a't c t ,3',
1'j 3t lt'L
,'Ll, !J']

,r-*f 5 rl
t'J 'a'J , t
a', 't't t t
,'3 ',c') t,

a

i .!
I

-.-.'--.t_-.'-

I

I

I

I - -t---
i

'a ;'t
Fl'c I

i',L t, +t
C'j , t ',L't

,' t o, io'
3'JJl- L-, 

-
t' , c, +'J
o'o o t .tr
,'rt .+',
rsTTi- j'0 o I L,t
l'Cot +'b
J'C o, lb
,-cor'o,et-
C',^ c t t't
,'o t t +.t
3', ' t a')
rr rr T-
L'a ,11. +-,
)'b ol a'5
L'L ol' 5's
J'lcr 'L'l -

l'cct o' 
'

s'J c t'.2.,
e'tot-}'3

t'J c'L , t
)'^ t', t ,
t'J o't 0l
F-F- frrr

.'ol o't,t
.r'$ t'J, t
t., c't , t

I
ltt't,
lr r', ,

.D ?'
'too'ba

Itr't.
i-rD'l o

I

i

I

t1rya't-
l"+'t r
l.'o'I I
lof't
at'

Ic L')
1.lb'b
loa.L

fl't ) '"
lr'S o'3 t t
t' t't ,,
,'f o't, t
,''' 

' 'Jt 
t'rT

,'a a', t t
t'b t'o ,,
,'.t .'ott

,rj'r 3
rD't {
rr'r. .a'ta

/l

ll rl
a-L -
+',
of

!- l|'c ' 2T- I lo'
'lttl
tlffI

I ab tt,
lrr'.c t,
loLb

Bl'l .-
lr.'
Irf'f i
lar', ;

tl t!

LC II
,r'r. L-', ,.

I, t'a
'L'
,3'C
lt o'a 

-

lr e't
lo a'a
I .f{'J r

rf 
'l e r.t

p't t'a.t
lt'3 o'a o,
lr' 

- -f t'o't
lre-- o'Lot
le'r -J,ot
fl'r c'rot

tJ aa
.c'l a
aJ'ta
ff'3a

I

II
Jtva

a'ta,
t', c,
a'r'-t

aJaa
t.r'3 a
Lt'3o
at'3 a

)',
L't
3'tti:i: rF?, :Ftil'X,iJ

:j'i|: - h:; !?ilhi ?
Tii= l{ii-,:{,ftitit

,'tcti',
L'Xot 1,'3
,'r. , ' L't
o'a'of'l-t'-'
L'aot o'b
,.,tt rt'a.c,
b't ,t ,t't

'o'ro I
trot .o't c , 't'c o I
o'Cot
t'€ot
a'x o,

pr
)o'c I
l-t ,t'

li,i lo'
lt'c

.'3 r,

.r3. t
7'!o,

,.'a
,r') tl't

75-
t',
a'a,
l'l

'. 1

ttt

J.'

fcol
oa,

88trv8r ) (80trvot,

I Fo l+o

i.'a
iL'c
ls't

? 7l-

t'L , , 'L't
t'a r r 't'L
)'l t t 4'2
o'5, t'o' j

f'r'c' "
f 'r I

t
fo rt l'a
t') al a't

ta

t't c t '.c'>,'
,'s

l'a )

1.",
tt'r'
'et

+, 'I'!

a'9

,'b
TT_ .,,
r'l ' r'l . ,L'E'

t',
c't

.{''5
tr c'
t',

,.J
t'b
o'o I

/ 'd'

Vi
,'t
:'b

c,

rf
,'r'
,','t

'at

,'t
t',
,'t
c'

')a',

O'tOl
t'oot
o'c a,
-t') J
o') 0
,'t b
o'r a

o'L L
t', t
o'r b
t'ft
o', b
-rrt b

r'f I
-f'r b
o't b 't', 

b
o', b
t'. t
o'o b

c'b a
-r'0 )
o'a J 'r't,
.'L a
f', t
o', a

,'tL t,.9

t'. J
,'3 t
,'r,
L't',
L'3 b
o't j
t't b

t't I
,., J

rlt'3 -o'l'

t',
f'3
L''

t'L
c'c t 'tb

.)L
L'a
L'L

t'C ,L. 
'

.o'_-

9e

i'Jb
f.b

oj

t't,
r't t

'rt
o"s I

'tt

L',tt

o't r'
t't 0

t'
a,
,l

'ot
,b,',,

'Jt
II
I

,') 't

?'..1

c't3
-',oa
o'b a

t6'| (802 voz l
+ t. o

e9't t89lr y9t ) (gOt.VOt ,
i- l+o l. o

oz fNl-l
S]^lrn ONltr

'g-6 pup v-6 spoqlen ,(q aulJ puaJl puE sa^EA lo uo!l?rBdes le!.ll

I a]qeI

,a a, I

o e'tt I
cD?,!

c|'tt
t.'rt'
,J'tt
rJ't{- 

-' -

tt'e3
ot'Cl t

lt:i lii:i

t t'c
lr't
l r',
V'e -
Je,a,
i-^'I

..<' , I
oC'lf
o c'ia -it-r-r t
l't's c
ie )'t f

. )'e 
'tr

f?'a l
tJ'r'?

o'b I
fo't1
ot'L(

^r'r { a a', ,_-_ __
c lvt

t'7

,.t I o 3..*,t
tb !ot<;.

o I lrr'tf
lr--iaJ')t
,'t I ca'Jtg
a't los'tr
,'c io3', t

ta'. a
tr't t
o)') O

iI
;I

_-+..---
I

lr'Da
L'."

t'c t o'l. I
:''t .f'l0
I i o''^a
.-i 't'f t
, t- o'e o

,'3 0'f t



T a b l e  U
A m p l i t u d e  R : d u c t i o n  o f  6 0  M o n t h s

B y  M o v i n g  A v e r a g e  o f  V a r i o u s
S i n e  f { a v e s
L e n g t h s .

I
2
3
I
6
6
7
I
I

10
11
l / !
L a -

l s
l {
15
I6
L7
T8
19
20
2t
22
25
24
25
26
27
28
29
30
3I
32
35
5{
35
56
57
58
39
n
{1,
l2
{5
41
{6
{6
17
t8
{9
60
61
62
65
6{
55
66
67
68
69
60

6 1
62
6 3
64
65
66
67
68
69
70
71
72
1S
74
75
? 6
77
?8
?9
80
B}
82
85
&*
85
86
87
88
89
90
9 l
92
93
9{
95
96
97
98
99

I00
IOl
ro2
103
10{
105
106
IO7
108
109
lIO
1lt
112
115
r1{
I l5
116
11?
Il,g
119
120

. o164

.o3?2

.o{?{

.o621

.o?61

.  oggS
, 1 0 2 2
.  I 1 4 5
.1257
. 1 3 6 5
. 1 4 6 6
.  1560
. 1 6 4 ?
.1728
. ]801
. 1 9 6 9
. 1 9 3 9
.  lg82
. 2 0 3 8
.2069
.2102
. 2 l l g
. 2 1 4 9
. 2 I 6 5
. 2 1 ? l
.2173
. 2 1 6 9
, 2 l 5 g
.2144

tfl .r.l,

.2Q97

. 2065

.20c9

. lgg8

.1943

. lg93

. lg39

. l?91

.1720

. 1 6 5 5

. l5g7

.  I515

.1442

.1,565

. l2g7

.1206

.112{

.lo{o

.0955

.o96g

.O?BI

.o69{

.0606

.0618

.o{30

.o3{2

.o255

.o169

.oog4

.oooo

121
122
]25
t24
t26
126
t27
L28
129
r50
131
l ' 2
133
154
155
136
I57
t3B
159
140
141
t42
143
144
145
146
L47
1 4 8
149
L50
15r
152
r53
15.[
155
156
157
I58
I59
160
16I
169
163
I6{
166
I66
167
168
I69
170
171
t72
r75
I7{
176
176
JTl
I78
r79
1m

.oog2

.oI6{

.o2{3

.0520

.0596

. 0469
, 0559
.0607
.06?2
,0?95
. o7g4
.o951
.ogo4
.0954
. I001
. ]o44
. log4
.1]'22
,  l I55
.1192
.L207
.1229
.1247
. 1 3 6 2
. l273
. 12€}()
.Lz84
.],284
. I2g1
.1274
.L264
. I250
.1  235
.L2L4
. I I9I
. 1  1 6 5
. l136
.1104
.10?1
. IO3{
.o995
.og5l
.0911
.o866
.oglg
.o?70
.o72A
.o668
.0616
.0562
.0607
.o{52
.o596
.o559
.0295
.on6
.ol.69
.0112
.0066
.oo00

18I
182
185
184
r85
186
]8?
r88
189
190
191
l.s2
19S
I9{
-195
]96
197
193
199
200
2!0.':
n2
203
n4
206
206
w
?08
lo9
210
?11
e,L2
2t3
214
zLS
216
2L7
218
2I9
220
22]-
2n
223
221
225
226
227
ng
229
2&
951
252
ess
st{
256
256
257
258
239
240

. 0 0 5 ztt
212
2+3
214
215
246
247
248
249
260
25I
252
253
264
255
266
257
258
259
?.ffi
26r
262
263
261
265
266
267
268
269
270
271
272
275
na
276
276
2m
2'lg
n9
2&
281
982
28tt
2U
986
986
2s7
s88
s80
290
29t
292
293
n1
296
296
w
?98
s99
too

501
so2
305
so4
505
so6
507
508
309
5lo
gu
519
31S
sl4
515
516
sr7
st8
5I9
320
s2].
322
323
324
525
s26
327
328
s29
350
35I
352
333
554
556
336
337
358
559
&to
5al
E12
543
5{{
s{6
946
ga7
sa8
5r9
960
861
s52
s5s
s6l
s65
s66gdr
868
s6e
s60

.o051.0000
.  ggg6
. 9 9 6 5
.  pg52
.  gggl
.9841
.9792
.9? l {
.g639
.95  5 l
. 9 { 6 }
.9359
.9260
. 9 1 3 2
.900?
.8P75
.8732
. g5gg
.843,1
.g27il
.9107
. ?93{
.7756
.757 2
.7592
.?1gg
.6990
.6?g?
.6580
. 6 3 6 9
. 6 1 5 5
.5939
.5?Jg
. 5 4 9 7
.53?g
.5048
. {82 I
. {595
. {365
. {157
.3gog
.5690
.3a55
.3227
.3002
,2779
.2559
,2540
.2121
. lg l I
.1701
.1495
.l?p2
. !,o93
.oggg
.o?og
.o621
.o5l{
.o109
.oooo

. o lL0

.0  163

.o216
,o267
.  o317
.0  566
,04J  5
.0 {59
.050 3
.0545
. o586
.0  623
.0659
.0695
.o724
.0754
.o?8I
.OBcfs
.o927
.094?
.0864
.09? ?
.0891
.0900
. o907
. 0 9 1 2
. 0 9 ] 4
.0915
.0910
.090{
.ogg6
.0996
.0873
.og5g
.o941
.o822
.ogoI
.Q'177
.o752
.0?25
.o696
.0669
.063,1
.0600
.0566
.0650
.o192
.0{6f
.0{ lb
.03?6
.o535
.o2gl
.o252
.o2Io
.oJ6g
.o I26
.oo&l
.oo42
.oo@

.oo{l

.oog2

.01?5

.o163

.on2

.o240
,o277
.0313
.05{8
.0382
.0415
.0446
.0476
.o505
.o550
.0556
.o577
.0599
.0618
.0696
.0662
.0666
.0679
.0699
.0696
.o7a2
.o?06
.0709
.0709
.0?og--
.0704
.0699
.0691
.o692
.06?1
.0659
.off{
.o6n
.0610
.o59r
.06?0
.otl8
.0626
.0500
.o{?l
.o{{?
.0a19
.0t00
.ot60
.0529
.o998
.o266
.o25{
.om1
.0169
.olta
.olol'
.0067
.oogt
.oo@

.oo66

.oo99
,o15I
.0 162
. 0 1 9 3
,o223
.0252
.0 2gl
.o509
.0354
.0560
.o394
.O4/J-'l
.o429
.o{50
.o{69
.o{96
.050 2
.05I?
.o5so
.o6+2
.0552
.o561
.0568
,06?3
.05??
.06?9
.o5m
.05?9
.o576
.05?3
.056?
.0560
.0551
.05{0
.o529
.o516
.o502
.0496
.0470
.0452
.0435
.ol15
.0391
.0369
.os{?
.0325
.0298
.o275
.o217
.o291
.olgs
.o107
.olsg
.o111
.oogl
.0066
.oo?8
.oooo

Iblr teble Ety
notbs lcngth.
evcrago of 12o

be uacd for a ;ayo
Drterpolstlona oan

uontbr bclng cqu.l

of rrry lcngtb
a lso_ be uacd;

to 2Ol nontbe

by proportlonlag lt to 6O
trob rr I 41 rontbr awrng

of  60.



89tt' Lgz
OSA' - 99t' - mO. gg9, 16l-
ZCC' - 9gz' - C8O' - OOO. a6O.
tlt'- 8gc'- 9LI'- ?6O-j- mo-
(IXI'- 609'- ogc'- ttz'- ggr'-
tgL' - 8gg' - ssg' - gg'' - ols. - 96I. -
sag'- oLL'- Ltg'- g/,s'- g6t.- gac.-

Lgg'
ggc'
9IA'

ast
9?l
saI

69I'
ooo'

@r
ttt
80t
tot

z06'-
196'-
366'-
966'J

o98'- gg/.'- ggg'-
IC6'- 8t€'- g6r.'-
196'- |A6' - ?€8' -

rc-re rca'-
9Sg' -

88S'- 96
60l'- a6 gI8'- gs ooo'I- 6L6'- Cg6'- Oa6'-

096' -
gtg' -
9&g' -

r€
c
9L
sa

LL6'- O@'r- t66':
ao6' - 3/.6' - t66' -
094'- ?68'- 886'-

I6t' - &69' - gLL' - OglCl' -
9l?' - 7,L8'- 8I9'- 9Tr.- - A€' - ?Z6T
IAI' O@' srs' - 9w' - S/.9' - ABL' -

ooo'r- s/.6'- gL6' - OOO'I -
016' - t€6. -

OL
99

699. ogc. 0oo. /.9r' - gas' - 969. - sg
ggg:L IgL: -a9C' . , ,$8r' OoO.' e$g'- . _o? s6t'T gLZ'l fcg. grg. go'. oo-o. 

----zg
o@' a aa.'| gtc'r gIT. t g{lg' 0c}. }g gac'E ssT'a (n&. r g&t. r gsz.I a0L. Ag
9T9:A 89t'A ALO.Z Agg'I grg. r oaI. r o9
8|A'A Ze L'A }T'-'A 7lA'A @O'A 6T9. I gt
?86'a 9a6'a 60L'a rgg'a ggc'a az6. l g'
G6'a OOO'S 6I6'a gTg.A Og9'a IIC.3 w
s08'a rro'a ooo's gl6'a IIo'a agg. a
]lj'z grg'a za6'a gL6'a ooo's zo6.d 

--ot
,.G'I A@'A 999'A 89&'a 468'a Ooo'S gS
o00'T 8ls't o00'a sBa'a otg'a ogg. z gc

r. 'gt' ggt'I gtg'r 699.I aL). A rg _t

[rc'- @o. LI.L, 900-T Sit.ffi
f99'- tT'' - gsa' OIg' OOO.T g&A. t aS
608'- O9l.'- 9ZZ' - ocl. Tog. ooc.I
)OO'I- 996'- 8T9'- &fS'- OOO' 664'
i6g'- 0g6'- 96g'- aI4. - 6tt. - - -ffi.

lgg' - IG' - o@'I - og0' - aG. - gta. -

IS
os
6it
8a

OOO' T/.9' - OB8' - C86' - l€6' - 899'- tB
t9A' ?63' lAl' -_ 

_Of.*'.: 6l-6.1- '96' - 
_ gA

_i;,
'It'A Ooo'a OOO'I 8&t' OOO' jfL'- tA
9AG'A 6AL'A 616' t 80?'I 81 99A' - SA
&6'g _ q99:l __ t89:q 6og'n _ca8.r za
gra'A 299'Z OOO'S 616'? ?99'a diZt-T----Ta
Q@'I gIg'I 8Ig. A i'o6. A ooo. S gTg . a oa
ags' - a_6r' sot'r ]@'z 6&9. a ooo. s or OOO' T - OBIB' - OO(O' 8'g' AgC. I SCg. Z gI
ffiii
994't OOO'I llt'- 8t€'- OOO'f- rrr-i gI
OOo'S l,,g'?t 8I9'a 16&' ooo' tg6'- gf
_g-.81=q'9 . 9!p:! !'99:9 ,. ?!a'a zse.'.r . . x
at6. - ggt. - sta.r tsr.a o'g.a oll,./..a_-__-E
OOO'f (OOO' OOO'T- VSL' ' OOO' @O'a aT
I89? _OOO'S 8Ag'I Lf,A' SrC'- fa6'- II
0o9:l- t-r9'- gIg.I gto.a oqo-s gI9.I Or
ffi ElorE'r

O+ O+ O+ O+ O+ O+ trAVfi
9?- 

"- 
3t- It- Ot- 8s-

'sq10ue1 sno!rpA Jo salqpl clpolrad 0ur,rop
^-.?lo{C t rol .'Ztl ot 0; uro.rl-sqibual inorje1"1 o
sa^BA au !S Jo 

, uollcnpaU pue uollpo !l ilrtrV'apriti tduV
q atqel



T a o l  e  6

A m p  I  i t u d e  a n d  P h a s e  S h  i  f  t  R e s u  l t  i n g  f  r o m  O p e r a t  i o n s  b y  M e t h o c t  9 - C .

NI
{FJ

)nrl.
-
. t f
. a t

g-

FA"'.

30
It\rsa
trt t, ?

oilo
l?",'ta

la2s.gxtFt

,
I

l o -
1a"3,
I
;
I

ta
wraf
] t t ? t ln ?t

or
at3
t 2 t

loe
l J t
, . a l- , ^

.coa
,.f o)
l.t| t )

t a - t a

.a+..
^t
fra
, tQ .

t . a a ,
t f t  )
0 . t lo l
LL' '

.Gt;
J ? .
. 7 J - ,

- .r o,i
.  aa '

t . ,  1
- l

a-a

.aoo
t t t
,.t I tt
^ . a o
, , r t ' ^
_aa t

J r
) 7
- a a
. t 9
, t ?J

.ac  o

. t+  t
) o o  o
t . r ? .
, 0 l  c
. a a a

l , o  oo
t a a )

t . a  a
.aa
'{ -'

t , o ,

t . . .
).c

.oo c
t . t r t
l , tJ  0 c
l , + l  I
. o . a

t  r t .

I
I-  

" l a c  

c
- - t l '  t ,N  a

, t > .  , r r ,
, 7  '  l , + t  a-  , r ,oo a
-tt ,, D t,

, o O
.  , 3 )
t,)t
, t t
, a o

t->,1

Itrr',"'..
t e

.Qt)

. a l a

.e  aa
iaa a

t . .
I

.&a l
t .
?,C
a ^

, , ,  J  a
,Ja+
, . 1 . )
) c o o

t . . .1
. t t l
. r ,  i
:?1
' 7 :  i

l . t > :
Ltr,L
> > J  

-

- l
L'J{1
.  a f  I

. e  o o

. t .  t
, . ,  t ,
L.t.
t , 1  Q .
t , ) t+
. a . a

'.i
. a l

:?:
t . t , t
t , 0  ?

^ . c c
l . l e  t
1 . . .  a
, C a a
. 0 t 0  t

t . t t | -
t .a l  t
l,at-.;
t .a  a ,
t .a  aa
. * t
.Q.a-a
. o + .

t . . a a
t .4 l  a
t  t a t a

|  , c o

I  , . i?
I
I
L l
I  t . o .
I  > ,  r .o

|  . t  o o

"  
t . o c

, L.!o
I  l . oo
I  t - ? t

Aa.o
, . t  a {
. a a a

t-Qt a
t,a t, I
t . ? J  t
.lt'

cc ' .  .o  c  a
1 , - . , , ) +a
- l|.'o o

l , o 0 ' ; t , Q l  +
, t a '  . t t .
i l  E t.oo c

l . t Y  l . ? E  0
a - ^ ^

,,;
.aa

l .o  o
7 , o a
t.c.
,?'

I

t

l l a.'
.0t
t.s
, a

,.?ra
,..1rt.
, . ) f  l
a  t  a L

, t
. t *
t t

t l  l r

.tat

.acc

.+? t
- l t O

, . a  a ,
, , ,  t ]
t . l  t .
)).. a.
t . l l  o
, , ,  t l
, ,+ r.
a ) a a

t.rt
t . .o
.bt
.al t
, J  a

t . > J
> . (  car-r

t , l , { l  o'&.c c.
I  t . a + t
, 1 , + l  +' ,  . l l q

, a a  a
r  , l l t
.  l a a

, , r5 '  t , t  t  o
. o a  , t a o

, . r t  t . t  t .
l . a r , l , + t  t l
,*f  o'  t .a a ,'  . Lcaa
J ,o  o t  , , a l c
O . O - C  t  L . . L

, . n

,...
t raL
t , . a
,oo

l , o o

,+
'J
t a

. t  a l
t . t r a
t .a t  +
t  l . t

tCoi
t.rrti
l . oo1

t  a.t?l

. t a
t l
lc
ta, t

t .? t *
, .at t
t , lo I
L Q ' .

l J . i
t.{l
l , a a l

- r t l

. aa  a
,tu
.Oaa
- t .a

t ,5e
+,,,J

a ] l

, . J  4 .
, . 1 f  ,
l .  aa
Lt_rt
t . t t  t  I
, . r t t
t . a t  7
t  a.a. a

I  , ,oo
I t c
|  . . a
l--;p
I  t . o .
I  l , o ,
I  t o .
I  L a . ,

, ' , , , J
t . l t l

* c c  o
; l . l fa
l t . t ,  I
t l . 4 t t
l . t l t o

a-a- -

l . C c ' r . a . a
.?c |  .+Q o
oo ;  . aac

.  . r  r l  .Q lo
l , {o l  . t ra
1 . .  c i t . a t .
t l . " 'o i  t , l  ?  ?
I  t t  r a a 2

t . o  I
*,o o

l,t)
4.oo
9,oo
l.co

l l
,+
, .
a-a

' , t .Q a o',Laca

i t . l  a t
l ,  a l ^

--.tol

. a a l
, f o l

t ull

.tat
l .ooc
,,trt
t e l f

,l,JO
e,..
l.to
l a )

te
tr,
t +
l l

,.tt o ̂
t , t+t
l . 7 l o
r - ,  t )

13ll'
- l , O t t
r + o o l

I

E|g8's8rt'l

t , {  " l -2 . o o l
, . i c l
3.p-cl
J. . fo l
1 . c o  I
+,to I'*?tt-
3 J o .
7.  t .
Q.t-c.

I  o , io
/ t , o o
I t t t c '

l . l  .  /  9,v ' r
t ,a te J. : - ' .
L t t a .  f , Q t
t . t r r  3 . . i c t
t . + , L  l . t c
l . t C c l l . c c
L L t  a , r +  e b
t , a Q a l T t o ' .
t . a a a L o  t  o

I

t0r , 0+

J , c  u
l , o  o ,

7 , c  o '
&c r.
Q . *

t  a. .

t , a . a  ,
, ? t e  :
. t +a
J* r.
. t a a
. . .  c l
. r t  t ' .i.i i '

, a a c
. t t ?
. l  t +

t , o c .
t . l t a
t.+t +
t . ta  +
t  t a a

-  . L c a  o
, .o .  t , la  /
a. ie , ,aat
a , . c  t , r t ,
t.tc ,.tr+
t .c  o 1.11 I
).to. t.,+?
. 4 ,  - t a  t  a a A

.aa
, . .  o
D,s  v
1 . .  g
| ,o  t
,-l"o o
(  o o

r t
Io
+*
a^

t , a r l
t , a  r a
t . ta l
t  ? t a .

Qa
CO
t+
L .

t ,+ . ,
,.t a tt
l . t t t
'J 'A

|  . +oo l  t o i
|  . a  t  0 i  t o . o
|  . r r l t '  ta .a
I l t t  oc  ,  ta .a
I t , t t o ;  t . , c
t . t t t i  t . -c

t  l , | 3 3 i  t o - o
l,t-ttl'. t.^o

t , r ,  a
t.Qo t
t . l l o

, 1 c e  o' 1 . t 0 0 0

t . a t  ̂
, , a o  t
t  t t  1

t.to
, . t .
t . to
. o o

l , f  c '
4 , , 5

L r l l  J

. l * o

. 3  t 0
5 . t
, a c c
. r . .
. . +  t
. 4 3  t

6.0 I
, c . O e
t r . :

t t,c
l t a
tt .a

a 3
? t
t1
a , a

t . . t t
. Q s t
. a  3 t

t  L - 3

, . t
llo

-fr-f,I

tlvt

, . a a ,

i ' " t
til Inn-,
t.nr{o

t.t,t7-- t c p
t , l t *  , e , 0

t .ct ,
t , O t l

t t , ( / ,  1 . l O I
, . . ' , g O  t . + t  a

t t,a
,t .a

i a
I

. - ? l
,
- 2 1
' :t'

r o a

t o 3

. o #

Fbrrc .bu

?berc rh!

fhrro .btl

c : f r

t s l t x -

t r l t x -

)

,

?l
t

I , o T
a " ?

Pberc drlt

Phrrc rhl!

t t l ( x -

t r l t x -

3u)

rf,)gl

I

IDRI

a _

I
t f q

rl,ll rcR
t o I
to t/z
r ;  r / r

HASE SfrI'

FherC rhl l

Pbrrc rhll
Thrm rh l  l

F O R O - )

t r l(ex
t  r  l ( aX  '
t - t l z l  .

? )

3 t ,

t/s to t/r tbrrc .bl r  -  l (zx ?T;



i
.---

t- | --t-{ I

a



T h e  S u m m a t  i  o n
A m o l i t u d e s  a s

F i  g u r e  3

S i n e  W a v e s  l 8  U n i t s  a n d
l n d i  c a t e d  f o r  t h e i  r  F u  |  |

l _ 5  U n i t s  l o n g  o f  V a r i o u s  R e l a t i v e
S y n o o i c  P e r i o d  o f  9 0  U n i t s .



))FP)JPr./P}1 
>T|\)

a a a a . a 

" " " " 

'

(r -l c! \o) O |J h, \rr l \'l O -l O \O O
aaraa

'.|\|!|at\rl

'' . . . . . I f !' !' !' f H P F P to
r., r ar b { b io o a., ir u } <r a i b ?a b b;,i,

5



{ N O 6l rf + N O O o {. Gl O Co rO { Gl O N
a a a . a r a . a a r a a a a a o a a

I t N 3 ( l 3 { l r l F l A A . { l

o
a

o

8 " f

-^
- o @

C)
E(Y )
U l
g <

r C Q

l-

e

q)

o
(c

o
(o

a

a!

C

>

:

,  
. : , !

-  q i -

-  J a

a t ! ^

5 ' ' !

- $ o
v  l ! -

c  > c

- ' - ( t

i l  c ^
- ' -  & .
> > c
o o ( f
E E .

c * C
qr,_ (C

' :
. - 1

O D I

C v  t
-crt
s C
- E
6 Q . (
e  g -
O + l
L C

D v -

: ; . :
-  > -

e ( U >
< cD-c

. . L E

' i -
l - Q

I  
- ' +

J - l

; : r
t  > - . .

) e . ^

| , -
( l ) c

- l
( ! o
> i r

lDrb

o o
(!

> o
. o . -

ol it
c . -

> q )
o E
e

P q,)- =
c '

9 . -

r c o . -

)  E . -
r o 6

s e
: +  q )

r c 0 )
o E

) . -  l )

r  O ' -
t . - -
) > o
. ( l ) e
) E <

( ! q )
) >
I t t  !

)  (nc)

, o r
D s  q )
:  o , t
r x O

> O l
( l t c

o'l
s o

- - E

o P
E . -

c

'- |
cc)
=co
I

O E
: t o
g +
CJ

! c
o

l C ' -
( D -
r O
tS .-
( J >

.- o)

c

th

q)
O A '

g Q )

( | . r x

o
0)

;

(t
(!

.o

.;

e

.;

I
O
co

E

c
o

o

o)

o

ttq)
o

L

|!

(, .
0.)

|!

q)
o
|!

(lt

o

.;
o .
E .

' I r

o

'E

t)

'
c

,1, 
.

c '

c

( ! :

E .
o

( l ) '

E .

a.)

g

g .

o

(!

c)

a)

:
;
e

J f t

q)

||

. \

(\l

I
g.o

a- r o , q - .
a '

N O . | N F .

Ga -r
a a

a l



:l_,
i -':- -l--*-
t
I

qr

t\

(\
F
h

l
o

r.$,

''t
\
!
F

|\

\F(!
ooqo

\l.tb
qsoo



! D s l A O f | o l D { ! o G l F l O i

d 6
A +

. c )= a
o o
rt <t

__L ,iI
I

I  I  |  \ ?  . l

| --f --1
i  |  . l  I

I I
t .  ,

, l

! . \ O J . 4 O T . o ! n - t r n c ! , i ' c ) t t



HN

oo
PPP?
aaaa

oNact
HN

oo o b o

t_

+-3 r- .)do€{ >=
OCcO € E:r3O
1r-{ tE le|oor
3;o).D .! (Dr-o
c: aFa(r)
- -) o +-!>
D ^ a)c)c)@c)-'c a

:J+cOc'C-qE
O- r>- r-(D-

r rrl( t < < o
';3393 :;dt
:"' -g- -o; f
tP 1' ; 1.3;'.,
i3; f ;r:'3 (ita 3 P- I

c:_o+
3- _.tlo

: -. :^I
O t .ov'

.A

6 F =-:: O -f

= : 3 :6. oo=1.
o. o :=; n

= o, -:<
o 16 .. lri Cl
o I .o ?-; -

t7tA=n
@
| ' 

*t a
cDllqt
' ; I ;'3I -r ; E c(,-.

a (J' (D te:c

! o ';v'

; -' : -::.-
-

:iffe" (D i l*t

* o. o o- @

oo'o'

P-.?.?v' g

*
srael
:ai i 3 E*

; l;;3.

t

P}'PtsPN'
.aaalaa

@oNa(Doo
HPI.ttJPt9

aaaa.aaa.aaaaaa

oroaoooN|}ocDooNf(D



tegson IOKI
Poge 1

LESSoII rc

Tha Str.rff lhi.hOn OI Cvole lne.lr'r{ r

llr. Atrahar Strclff, a conrultlng eo6lnoer of lletr fork Clty. haa ilcrc!,opcil i
ncthoil of cyclc analysle uhich'I ftn<t urcful. [hc aescncc of thc Dathoil le that,
t€ttcr then auly other nethoals, lt pernlts thc v*ce of tha corqroaot qtrc1e! to var|r
tn lcogtb anal in eryUtude.

I ftnd thc rcthoil ugeful to help rc to undire tanal tirc baBlc ltructurc of I
aerlcg of ft,3urcs. For purpoaee of forecaatlog, houcrcr, tt rhoultl bc rqplcnotcil
by other rothoats. Cyclae of lrrc€ular lerrgth anit of lrrcgulal splt tuil. a,r. baril
to proJcct !

tlr. Strclffre inethoil brcakr a curr6 tnto four pirta: tShort cyclc. r'nnlilillc
cycle,tr rrlong cyclc,n anil itrend.tr 1hsee four parts, uhc! ad'ileil togethcr. exactly
rqrroalucc th6 orlqlnal eutrr.

t Srr.drr E13q Pi ntr''e Of tla l{.thod

To start utthr you c6uguta'a rhort rovtng aversga of thc ilata. IrlI tcll tou
later Juet hon to ilo thls. 1.e.. vhat klnil of a aorlng arerra€! to coqrutr.

ln oriler to tle thlg birils eyc plcture lnto the charts anal lnto th€ aletatlail
ilescrlptlon to follov lrn qolng to lottor tho rarlous co[rlrutatlons to conforD to
the charto ard to thslr rarlous columng on the uorksheete. In accorttance vltb
thls plan I ehall cell the d,eta r.r\i anil call the lhort novtng srcra€e n8.r

Next you erltress your atgta (A) ar <twlatlons froa your 6hort novltrg ererag€
(f). Thcse deviatlona (0) eri the flrst ep?forllratlo! of your rhort ctcte. [bcy
contah ratrilons, sholt cycles, end restt8e3 of your ntA(Ua ctclc.

llov you colrput€ s lonq nortne averaqe (L). Ihis novlng av.tege lr a nlr.turc
of tronil anil the flrst approain.rtlon of yorr long cycle.

lIe*t you cqprrls your ehort novlng averaGc (E) as alcrlattons fror your long
novlnq evcraqc (L). lhsro dwlatlona (ll) constitut€ the flrst qltrorlnatlo! of
yout nialilb cyc16.

After thts you figuro out rrhat lart of tho flrst alproxhatlo! of torr rhort
cycle ( c) ahouldt be renovcil anit adtlett to tha flret agrrorluatloa of your alilile
cyclc (ti). Call thig part lt. Ir11 ehotr ;r7ou later bou to flgurs tt ort.

Iake n out of G. vtrnt ts left after tou talrc I out of O la tour gbort ctcla.
o.

fdd f, to Il. lltrat you havc efter. you add theee yestlges (n), to
srrDroxlnatlon of your ntddle eycle (f ).

H , ls a tecoDA

Norr fl€ure out uhat part of F belonee to the long cyclo, Cal] thle Part a-

Tatre Q out of P and edd tt to L, llhea Q te out of P, rrhat 1e left 1e your
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fglif! rran: tlake a 2-lten novtD. total of the veluss in Colun C' Post luto

Colum D, centnrd. Vtfie-your ftrst iotal batrr€en the &ril aail lrit lines (bettreen

Ilace b anit c).

$,!i.h rtep: l{ake a Z-lter novlDg totel of the values 1u Coluol D. Pogt into
coruu-l, c eailreil. llrlte yoru flrst total on the thlrit llne ilorm frou the top
( l t ac  c ) .

rbe flfth ste!, glve3 you a z-tte! of a 2-lten of a 2-ltem of a 2-1tp-n nohg

lolal of the valuee ln Colun A.

$l:li.b tL.es: Divlaic €w?t? verue ta Coturu E by 16. Poet th9 reeurt- ln coium

F on thirane itne a" tho nunler 1o Colurnn E nhlch ls telDg illv iiletl. (that ie.

th. ftrlt rtlvlitsntl uoula !c polteA oD the thlril 1lne dova froo the toP of the p&€e '

ln ac tual practice tt vouLal be easler to mrlturly each value ln Coliun E ty the

recllrocal of 1-6. fhe reclprocal of 16 is of course .0625' A! yT l'l,o": y* 
l9l.t

elrrevs co4ute the leciprocal of e nunber t5r illvlillng I by the !u!t!er rlf = .vo.),

or by looklng ur the roclprocal of the nunber ln a table of reciprocals sucb as the

one startlng on pa4e J48 of your test.

Ihe alrth rt€.ir qil'es you a 2-lten of a 2-ltem of a z-lteE of a z-ltstr movhg

Afgf4e! of the Yalues ln Colunur A.

A 2'ltcn of a 2-1ten of a 2-lten of a Z-lten rnovlng averaeo 1€ a vei ghte'I

Jlotllg n?.rrgF of the folloving fornul&:

c, 3rtt  tern - a.!r+a I 6e I la I  e
' 1 6

(or, rlt6e { r/4t I 3lB" I tlha } tlt6e, vhlch

vhere a = flrst tern, b 3 secondl termr c 5 third tern, d = fourth tern' etc'

Tou can 8ee hor lt bulld.s up lf you letter er.ch tern as follotrs:

Col .  F

le the Batre thing),

Co I ,  ]1  Co l .  3 CoI .  C  Co l . .  D

alztle

vlzcJa

clzale

C o I .  E

( r r t  te rn)  e

( zna tern) b
alb

bl"

cld

dlt

(3ra tern)

(trth tersr)

(5trt tern)

Obviously

ahahcla
al4u{6elaal"

allcllale

e

the l+th a I r+c I & l ae,{ t
16

L6

tern voulrl be ,  e t c .
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lcreon EI
Pac. 5

Sblrlg.nf.h atO: Conuut e the devlatlon of thc valuee tn Colun f fto! tbo
corrcspolallnE lraluos h Colun !. fdit 2.000 to avotil !.gatlv. rmlbcrs. Port thc
results in Coluur ll. Ehese valuea aro thc flret apprort!6t1o! of tout dAa1c
cyclc.

tmrrtrpnth 4!gp! Chs1.t tha valueg of Colqn G. (Sec Curr6 0)

lrft.errh ttoD: Chart the valucr of Coluor l{ hDcdlat cly brloE tb6 clrs^rt of
Colrro G. (See Cune Il).

Elrteer,lh rL.en: lui a reillan ltne through thc nav ee of Colunt or Sec Qurc
f. Let lt ap?rorinate Co1uo l{. Call t}.tg leillea X. Ecarl off ra'luer aail rccoril
theu ta Colunur !1. I|II illscugs later Just hon to cotlputa thle acillaa.

!-ccotcs!,ib !l,c|l: Subtract cach YAlur of the beillsn lf fron the corrca?olillDc
velue of G. Record the rerult ln Co1unn O. llhe rceulf 1! ysu! !ho!t cyclc.
(Sec Currc o).

ErfihtcFn$r rt.F: ldit the ncdt an ]l to thc dwlatlol ll. Secbrat la Coluur P.
Ihla k the geconil apororlnratlon of your diLlla cyclc.

IllqLgtlth !i.lo: Chalt Columr P. (ses curvo p)

- &.o.tLcttr rtcg: Chart tho values of Coluro L belotr the clrart of Cohuo P.
(See Curve L)

Tventy-fr rct $,.eq: Rrur a ncillan line thou€h Co1un P. (Scc Currc Q) let
tbis neallan regenble Oolunur !. Rsad off values of neiltan alit post h Colunr Q.

EvonLr-racqaA rtcO: Suttract Colusr Q frour Colum P. Poat reeult ia Coluu
R. ftt""" 

".fun" "o""tftute 
yorr! uldille cyele. (Sec curvc 8)

lfuoty-thr r.d rta$: Addl Coluro Q to Coluur L. Recor| recuftr ln.Colun S.
fhlg glves you the conttaatloa of loug cycle anil trcod. (Sca Curvc S)

frantv-rntrth $.lg: R6 a neillaa llue throu8h S. (See Currc [) Recoral
valuer ln Colunn I. fhese vglueg are your trentl.

IssdJr-tutb d.sD: Subtlact Coluno !! fron Coluu S. -Post rcnrlt h Colun
u. Theso i8lues coo"iltot" your roag cycle. (see oune u)

Srr[Lt-;f.rtI !f.e: le a checL,.iid Yaluo3 1l colurr r (trePd).-colum u
(ro"affi)FLtFfi (tiraare cvc:.i), Enil colurm 0 (ahort cyclc). su" shoulil
equsl values ln Colum A, the flgrres rrl th vhlcb you startrd.

Ino.!i-arasl!! !isD: Chart vour- short cycle (coluu 0). your ulCitle cycle
(colust R), your loug cycle ( coluan U) aail your tren'l (cofun'rr'

TFarrty-c{ rht}r qtaqt! ProJect each of tbo four culvea ebcre. a' best you canl

la the vatr ta tdrlch they hare-been golng' conblne' fhlc ls your forocast'
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TA3I,E A

Aa Eraryrle of a Cycle Analysle
by the liethode of l 'h. Abraham Strelff

Bs Alrnlled to the Strlpnente of Prodtuct X

A

Logs
of

Data

1-998

2.L15

2.].62

2.26L

2.3J4

2.041

2.rt9r

2.O94

2.142

2.240

2.231+

?.l+Os

2.t*L

A Z-lten
novlng,

totel
of data,
centcred

c
A z- l ten

novlng
total

o f  CoI .  B
centered

D

A ?-ttcu
novlng

total
o f  CoI .  C
centereil

E -

A Z-tteu
nwlag

total
of Co}. I)
centereil

Sbort Dor.
av3rage.
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Colunr 1,: Ebe vahiee hcre are tLe values ln Corunur f, dlvta€d ty 16. :[hre,

34,6?? a*Ld.,l by 16 ls, vhen rour<lett, 2.16?. lle illvlde by 15 for thc saoe reaaon
. tlat ffc illrlttedt colu:rr I !y 16 to get Colunn F. Tha process of adtlltlou bas butlt

up e total of 16 tema in Colulur X.

Golunur Il: The'va1ue of 1.9+9 la Llne g, Le 2.1L6 la Colun I nlaug 2-16? Lt
Co1ua ! plus 2.000, to keep the values obore anil lelov 2.000.

Coluur lf: Ihese valueg are ottelneil gtaphlcally fron Colrrn O ald aatrually
ltart ltt Llae c becauge Coluur G can be couputeil back to liae c.

Cohun ll leoas a'litlIe blt of aiscutglon. To ilrar'r yout cleatla'! ltne f, ln
tbo cha^rt of Colurur o, you r:rake a, n:^rk on each leg of cach cycle halfiray batu€e!
tbo t6p anil totton of that leg.

vherc tbe top antt/or botton is fla.t tt k a good plaD to estlDat-. th€ toP
at thc place tt vould ie lf it coulat t. rrlotteaL betrreen the llnes. Ule ilotteil
llaee to lct tlre cycle Eo u_o or ilova to lts €stlnatod top or totto! batvcsn the
Ilae ralue.

Sor coloect these polits that you haTs n,.rkea on the 1€g! of tho cyclcs ln
Cune O ;ith a ;ured line, to agprorirnete'ag learly as possible the navca ta
COuo ff, obtct,. 

"c"oraing 
to lnetructions, you hnve plotted benegth Co1um G'

The idea ts to ta!(e out of Coluirn G the vestlges of Columr ll that hsto Deen

left ln it !y nethod of constnrctlon, srral to ailil thage back lato Colun l{ nhare

thoy beloag.

llhen you have dravn your neilia,n line I{, reai! the valueg fron tbe cbert adl
plot then tn Colum lI.

Coluna O: Tbe valuee here are obtalned !y subtracthg frora eech va.lue ln .
Colulu O the corresoondln4 value ln Coiunn tl ind adding 2.000 to tcep the valuce

pi.iti"". The ttret 
"J,,6 

f" Coturm O, 1.965, 1s obtohed by subtrictl'E Z.O2g'-

ibe tlrst valua h CoI; lt fron I.986, the first ?alus h Coluro 0, alat aiitilg

2.000.

The other valueg are ottalnail. slnilelly.

Coluran ?: 3he value of l.91ll, the flrst valu6 ln thie coluD, ls obteln'd

by adiling the valu: ln colunn ti to'tho value ln colun x ala subtra.ttlt 2.O0O.

Ho put tnto l{ the saDe valuee that ve took out of G'

Colunn Q: fhese values ar6 obtaiheil graphlcauy froo ColutD P iu the sallc tay

tbat Colum 1l vag obtained gralhlcallf fron Co1um o'

Ae the valuee ln Colurns P cannot be codputoil prlor to ltne 0 thc vslueg Of

Colu.m Q start ta Line g aleo.

All the values !n Coluna Q are reail fron the chart '
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Iles unifor:nly .005 belov your first aovlng avora€e you could cme YerJr cLose to.
yorrr trend by gAqlpe .OO5 to each value of yorr flrst nwlng avera€e. lho sane
prlnclple uorld a_ply wen in those lnstances vhere the intervel between your nwing
averages vas varlable. You nake each term of your flrst €uogs of tbe trend as nnrch
abova your flrst Dovrng ayerage as the correEponcling tern of yorr gecoud novlng
average ls belor the correspondlng ter:a of your firat noving avera€e.

Of course thie rnetbod vll} coet you values at each end of the serles. These
u111 bave to be ertrapolatetl ( erteniletl) graPhlcally.

(t) $goothtns Dg e Froch Cu::ve

Anotber nay of itteallzlng the renalnder ig to lay a Freuch Crr:r've on tbe cbart

of the renalncler, eud.e tt arorurd. untll it flta, drav ln yorr trend, and read the

valuee fron the chart.

A French Curve 1s I cut'y6d. ruler usod by draftsnen. It ta [sually transpareDt.

11 nodlficatlon of this nethocl ls to lay a flslble rnter edgeuayg on the re-

naln6er, bend it gntil it flte , drau the trencl, read of f the vsluee.

(c ) Snoothi.gJr Lreehsnd

stlll another ragr to ldeallze your trend ls to draw lt in freeband- 3e careful'

to draw a gnooth 1lne nhich cbanges d.lrectlon smootbly and consistently.

Ganeral-

In all lngtanceg be
are approrinately egnl

sure tbat the varlatione of the raalnder above lronr treadl

to tbe varlations of the renalntler Delon the trentl'

Ia Daklng tbo8e atrt en0t natl oDs 1t 16 s@etlDe3 t lse to oaki ure of the prlnclpl'

of ltoited ilate, alrcaily ;,tpfi;; lD osrlle! lealoag' Ibat ls ' occaslonal froak

ligtrg ad toug sSoda tL ""ii-eo* to glzeo before beln6 arcragcil or uaeil to A€ter-

rlne va,rlatlos fron trootl.

U@ Ee IIg! l! !!qL g 0urto Sooothlv goacg'a lbtll'ed'

Occastolally you vlll ftnil a trmrl rhich' uhen ttlott 'it oD rstlo ecele or h

Io€r, ls not BDoothly 
"o*.r" 

dovnnaril. Reference r" 
"ra" 

to 9J9!.9g for- Dcceober

1955 shich t,lll be asnt oi roqu€3t vtthout chTe e" s tutrtplcDont - to eacb.pcr'o!

taktng the coulre vho U" oii'J"i"qt rGcol?eil it 
"" " 

nsnDer of tbr loulitatlott.

For era4rle ,-

Grovth uay be kllted, as yith horse ilrann vstllcles'

Growtb nay be cut backl 88 vith cotton productloD'

Groryth nay bave reached. tts uPPer aatrrnptote' a8

d,uctloD. (fUe asyuptote ig tbe t'lnit toward vhlch a
seerns to be tnre of lunber Pro-
curvs al4troaches. )

Growth nay have erPeriesrced a rebirth, as ulth lead productl'on. PetroreuD Pro-

ductlon. coffel productloa, the populstlon of Gernarry'
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anpl a €iven you have ttlo .0l0rs ono .009, tvo .O08la, .O(}/rs, .OO6ta, ona .005 6tc.
fLi6 ca$ot be helpeil. ualess you uge four or flve place logp,

|ro se6 lf your lrt illffer€ncer are snooth you csn coEln:t. thc c*onil rllfferelcc
(Iet illfferelces of the lat ittfferocee). f,owerer yorr ca! uuralV seo blt il8pectio!
ban rnooth t hey ara,

It | ! a tooil plan to plot tho ht iliff eroccs. If th6y 3o np artl ilovn ia uarcg
you lay glt a hint of a prervlourly ulAetectcal ctcla. Such a cycle ca! bo lrolated
asil r.loyeat o! lnoothed out ty a iliffereat (or.dilttlolal) oovlag avsraSe.

Ibe flrst rliffsroces of yor! trena DuEt bo alooth' but alo uot €pt tb. ia€a
thst lb€y lu8t plot ar I stralght llnc. For oranple thcy olght nrn .O5O' .050,
.041' .033, .026, .o29, .015, ln vhich caso tbo an iu'ff cr aocs uoulal be Plotteil ae
e o tlaljht ltae. (Tha a ccoail iuffsroce! eonlat be .010, .009, .008, .00?, .006,
.005, €tc.) Nowsvor tb€ zril illffer enc eg iloar t neeil to be a.tralgbt llae oltbor.

Ihe thlng ls, you !u3t figure out btr thc tronal bas teea bebavlag. lou ur't

tst a treDal that varlea accorilttB to toD€ rcgular !gr. Iths! you hB"e ilole thlr
you can proJect it accoriliDg to tho saae 1a$.

Orce you lsvo founit tbe lav yorr caD ilwrss a Dath.oatical fonnrla to sxltrols
it, if your ulnil :tng to tbat sort of tbiDg. Eut a forual lath@atlcal elltresaloD
la !.ot n€cartaw.

Coversely tt tay hspp.n tbat ons of tha uoll lrnoun latb€latlcal curvcs-a
strai€bt thre, e pa.rabota or a loglstlc-fltteit to tho rcDalDil€r (efter thE cyclos
are reoryeit) o! t; tb. lo96 of tbe rereinder, n111 ileecrlDe tbe bobavlor of tbs r+
ualniter (or ltg logs). Ii so, nell anil gooit. f,ou.tYoa r€t€ober tbat ao latt 8r ho,
iuathsdatlcali yoor ctrr" lt is lerely a .(!9!g,!E!.!.pg. anil cs.€ottally no -bctter-
alal c crtaltrly no Dore olJectlva-than the-bouily netbih I havo suggelt€il earlicr.

Ioq rho it not be c;!',l,ctely un*rore of th€so nathcoetic cu. o!' boweverr I

a,! ther eforo going to aslc iou to read ar ltart of thir lcslon. Pa€€s 3rL-351 of your

t er,t book, spurr r liallo€8 and SDlth.

h rea,illlg the.e pa€s8 you vlll note tbgt tbc uethoil el6gesteil for flttilg a

6trsighi llne lrenat tiucanr- of leart .qoatG! ls sllEbtly $ffrlen! frou.tbo ole

t eEvi you la L,eeson XVIII. I llke ry rethoil bettcf. I tbtlt< lt 13 €aller to st-

ptaln, io unilerrtand, -d to *". gi"-er both lethotls coos oBt to tb3 88o placc

ls tbe enil. Ugc eltbor ole you like.

Altborgh lt lg ileslratlo to fit a tr?lal to gs of the reoai!al6.. the really h-

portant tbing. fron ttre sianapofnt of proJcctloa]13 to seo, a! bost tou ca!' ldt

the trenil bas b6en terra"rnJ ii the i66-€d$€ past. If thc trenil bas bcelt ilcrserlag

;;-.60f; Gt;;d i;ab; a"y. v""r, or vbatcer) ror ths easg to-1{elvalr it
ir reasonable to asau!6 that th€ treoil for the aeri ten lnte"'ala Yi1l bshato llko-

ti"". lbat te. if tUe fasi ten 
""to." 

of tt@d have been 2'L9t ' 2'L92.. 7'IcR '

z . | 9 4 , e t c . u p t o 2 . 2 q ) i t l ! r € a s o l r b l o t o a s g u l e t h a t t h . r g r t f c v v a l u e g l l l l b g
2.251-, 2.202,- 2.8) elc. lf thr last feu values al€ +gbJ lt ilocs lot Ertter to

auch aDout the others. (frod the stanatpolnt of ProJectioD,'

(4) Pro-iectine tbe !33g!

The i l i scuss iono fP roJec t l ng the t re t tdhaabccn la rge l yan t l c i pa te i l by tbe
1e3t pera€raph: rou ,"ieri find out hov the tfod bar Deea lebavlng aDil proJect
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ligl's toR TE: slcrlPIC.'U'C:i OF CYCLIS

If you hEve a series of nrunbe-'e ln rrhrch eacb nunber ls totally rurrelated to

tbc nunber befors and the ntunber fol lorrrng, l t  ls relet ively easy to eraluate the

rlGnlfteaDce of any cyelee you f ind.-

Stjslflrs,Fnee neans FeFniJrsfqlnegr. Irr other vords, eig-niflcanee ie the extent

to v t r lch th6 behavlor  ie  the r ; tu lb ; f  ehalce ( rarr i lorn forcea) ,  or  lsnt t '

l {ore o:actly, the slgnif lcanee of the bchsvror referr to the mrnber of t ineg
out of a tnrndred or a thousand or rone other nurnber that the behavlor could have eolra

about pr.rrely ae a rcault of ehanee. If the behavlor could not have coDe ebotrt by

eharrco nore than onee ln 20 t iureg tt  ls ord, lnarr ly conelderecl naltnif icantn (neaning-

ful).  In other vorde, rPrlck uD your ears.r I f  the behavior could not have coEe

about ar a result of ebanee more tban once ln 1OO tlurcg l t  ls ort l inarl ly considered'
.htgbly signlf teant. '? In other rrords, I ' I tB a good. beb.n If  l t  coult l  not have colre

about as a result of ctasee Eor6 tban onee ln i ,ooo ttneg i t  ie ordinarl ly conslasred
rcrtronely slgntf icant,rr In other vords, nTou can alnost banlc on l t .r l

!{oy, as I gaid above, for nunbere successively g4rel.ated to each other-llke

tha orurberg ln a telephrrne book for instanee-lt le qttfte easy to dctetsllo the elg-

nlf leanee of cyclee. But--and herers the rub--tbe nr:nbers lre are interesed' in gL9

related to each other'

Consldor p16 iron pricea for exanple. Drrlng the past I80 yeara the avers€e

anraual prlce ol'pfg lron (ndJusted) has varled. fron:f1z a ton to $5L a ton. hlt aot

e1l at once. prieeg luve uorked thenselves up, then vorked tbenselves d'otrn again.

Prleee go up or dovu lfg.tr tl lrer.e thgv are. If they are l! tblt year they carrrt

poeelbly go up to le nerb yoar, t l*"E* to 15 the next. t tr is tnterrelattonsblp

fron ter6 to tern ls cal led a.Lrlal.  correlat ion. 1o el lnlnate sertal correlat lon--

that le to get pi6 iron prfces in ranaon order-you vould hsve to uri to the trr lce
for each ys.lr 

"n 
o card, Irut the card.s ln a trrnt, ehake the hat, dtC crra''r the cartlr

out ons'Utr o1o. The gerlee;rou vouldl gbt tbls val 'r ' rculd have the seno prieeg but t t

voultl not look llke any oconorrle tlne sertea you ever s8tr. It trould Junp armud

orcry vbich uay ln purc randon ordler.

f,II cconomle tlne series I can think of havc gerlal correlatlon. So do

eliaatologlcal 
'aarles. 

blolo;tcal serles, nedleal eerles, 8t1d nany others' ' f ,nd tha

Irrcaenee of gcrial corrslat lon inval ldates aloost al l  of the testg of etgnlf lcaDce

tbat have ao far been vorl:ed out! This fnct nakes it unn€ce88ary for us to go lnto

dctat l  tn regard to these terts, or for you to learn then. Tbey vonldnrt do you

any gooal lf you dltt learn then.

profcssor Eotellln6-one of our 1eaitng nathencticcl statrstlclans--toltl ne

hc though (r lc!) t tat,  i f  he had the t ine ( ir t lcu he hadnrt)r he couid nodify sone of

tbcer testa !o thst scrlal corrclat lon vouJd, probably (sic! ) lake no i t i f ference'

it"-i""iri"g-lg of tbe srod.J.fted. test to a serles r uaated hio to teet would cost

atout TZo.q)O, bo cald. llot nueh help there!

' l lhcre l r  one test  hotrever,  r rh i ' 'h

tbo rtCht track. The test ttas "r

r  :  . r i  l . 1 t  i  ^ I ' i l  ,  F , . i ) ' ] t : ' i  tO  be  On
: r n  O t
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Legsoa nII I
PaCe 3

lla}le II

Slne-coslne eutYes f l t tad to

thc flrst flve 8-lten cyclea of Gune E

(  (a) ( t )
e

Iear (a g 8)
r ]-z,5
2 25.
3 37.5
l+ 50
5 62.5
6 7 5
? 87,5
I loo.o

Ist CvcLe -
ff i lB o Ycos I

A  - D=TT TT
19 ltg. .o
35 lzi.Z5 -2t+'.?5
-g o. I  8; '
-ze /t4.tb lro,rt+
- z  1 2 .  o .

44 /3r. rr -31.11

w 851
lzz.93 -1r.50

, Znd CYcLe,- - -
f f i e  r c o e  o( c )

Sln e

m
/t . ooo
I .?a?

.000
- .?O7
-1.000
- .?Vl

.000

(a)
Coe e

ffi
o00

- ,?o7
-1.000
r' '?O? .

oo0
I .?v?
/t . o9o
lotal
+  8 1 2

2 f  1 . l l l
2  1 2 :

48 -26.87
3 5  o .
66 46.66
- 2  1 2 .

4? jz6.t6
4 0 .--

4r.96
-r0.49.

- , 8 -  '
/  l . l l l

0r

]26.a7
45.
46:66

0
-26.L6

-80.rh
-2O.89

(a) - ?r$ cvcls -,-
Y  I e i n  0  I  c o t  0

9-bb Cvcle -
FT-srn  0  rcog 0

<rb qJclq =
m s l n o  l c o s  o

Jsaq
I
2
3
t+
5
6
?
I

!Iotal
o slz

r? ,ttz.oz- 9  - 9 ,
19 lt31+3
5 O .

4  1 6 3 6
- 5 - l  5 .

-Ztr lt6.g?-rg o,
/'tl+.?8' l:-!.zo

,  a 8

Itz,oz
0.

-t.3,ll3
- 5
I 6J6

0.
-t6-97
-lQ. . ,
-)6.o2
_ 9 .01

- A
*1 .01-
l.zz.oo -
/  8 .118.

0 .
-18,38 -

|zz,oo -
#50.90'

3
J+l. 01

0.
- 8.lt8
l3z'6
-18.38

O .
-50.90
I '+'
42.n
-20.@

-1 ,?L
2 I  2,oo

-1
2L
10
5

-11
20

_ .?L
0.

_ ?. t7
- 5 .
I  ?.?8

o.
-  3 .?L

.93

L2 , lB2
'658.0j
'*5.t+3
206.62
549.08
, 16.41

Lg?6.70
395.*

B . _
_ .?L

0 .
I .?I
-21.00
-  7 .47

o,
-  ?.78
{zu
-15,85
- 3.96

-5S
2?
L2

42
26

-2?
-72

l+ o

u.99

I
Tabulat A antl B values

eum of thelr squarss

oxgrg
I
2
3

'  . 4.-.
{22.93

3
. .-11.50

-20.99
-  9 .01
-20.69

L2,, ,
525.78
110, ol+
125.t*
12r.00

.86

-t?
t32.25
t$6.39
81.18

428.08
15.68

4 @
5

Sun
Average

-r0.49
y'tt. zo
-11. OO-
;  .  . 'Q?

frr,7r\
I 2.j4,/

33;l(
t- L.lt

-L3.2L
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PaAe 5

a

fable I: Note tbat the data contala eycl€ q:rd randons only. If trenal bad been
prasent you vouldl have had to renovo lt.

Iable I-I.: (Revlen Lesson X(V, Slne and. Coelne Gurveg and. bow to flt then.)

lr tbs cycle la 8 ltene }ong tbere are 8 polnte to flt.

If tha eycle had. been of a fractlonal lantth, grrcb es 8.2 lteos long there
vould. stlU have been only 8 points to flt. Eotrerer five cyclee of an 8.Z-ltem cycle
vould. bave requlred 41 terns. Isur I Colrrms ttotrld. tbea bave correaltonded to the
flret I colums.of an 8.2-!tea perlodlc tablE. In euch a table the 3rcl line vorld'
have been 9.lteis long (-58 befne h tbe 9tb colunn), 8lrd yout t+th ltnc rrorlcl bavi
rtartedl'rrttl 22, Conieguently ydrr f values for tbe 4tb cycle vorld, bave been 22t
12, -32, 26, -22, -?2| 4, and -1; yout T valueE for the 5th cycle vorld bave started
vftU /2 ln poslt lon I,  etc. 

\

If the cycle bad, been orer 8 tlZ ltems long (r"y 8.8 ltens) you torild, bave hed.

to eaII 1t 9ltens long. Juet as tn the 9th colurm of an 8.8-1ten lable yor uould
have lud. to use certaln ltang tvice.

The algle 0 (ttreta) ln an 8-lten eycle ts 36O0 + 8 or t+so. 0r, lf you u9e 1096
to represeort yorr nhole clrcle lt le lOff + I or IZ.J, Ihe aagles la CoI. (t) have
been flgur€d on a percentage baslg. fhey are in each csse L2.5 tlnes the values lu

CoI .  (a )  .

If you uqe p€reentages ln Col. (u) you have to look your slnes antl coelnee r4l
ln a perc€ntage lable of slneg. Such a table tg sutrplled vith the eupplenent to thlr
legeon. It was also suppllecl vith tesaon XV.

'If 
you had used, degrees your Col, (t)ror:fahave read 45or 90o, L)so, 1800, 2250,

??Oo, 3L5o, 35Oo.. Iou uouldl have lookecl elnes ancl cogines up in a degree table. ID
elther event the gine and cosine values entered lato CoI' (c) ana (d) uould bave
been the 6a,De.

I think the reet of the corrjmtatione tn Table II are qulte cl€sr' lf f,oll D88-

tereC Ireseon )S. For each cyclJyou ntrlttply the T velueE by gln I arrd Dy cor e,

total, and dlvtcte by lr (Urr tbe number of torns ln the cycle).

Annstrong left thie Last step otrt (see hls PootnotE 3), but I prafer to lnclude

It, Eorever lt 1g not lrrportalt. fou get the Eano ansvcr eltber uay.

TgbIe,IIL: I canf t ses lnrch of anythlng_ to t+k abstrt bsre. fqrrr Are anil Els eoDe

fron iable rr. Iour eqrr"res coDe t"oq ihe t"ure of Bquares atartlng on page tl8 of

Spurr, Kellogg, and. surith, The table startlng on page 54'8 also glves the squtro

roOt ralues needed. !n the conlmtatlone to follov.

Cg nrtatlolrs z I eamrt _se€ "ttyt$og 
here vhich lsnrt self wlilat, arcgPt B"*It-

tbe las! ffeu"" of 9.?6. tha tiUfe of erponerttals ln tbe euppleuent eLte! #'eIB

ii6r,"Zl'3^L g.g?. fhe d.lfference 1s g.g?-g.,02 or .95. consiguentli# '48 wotrrd

iL tlleroxluatlri) g.oz I ?4 ot .95 ot 9-oz { -?t+ = 9.76.
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Lesson )0(II I
Page 7

fhprefora thls cycle could not contkrue t lt,h this 6a[s re€ulaaity fot 15 rePe-
tltlo[s plrely es a result of c]rance. uore tba olce 1n a thouaaad thao, accoriliag
to tbe Sartelrs t  est .

lvalueti on of the lartelrg test.

I t hlnk Arnst rongc colusnt ' €t"e! alove, farlly evaluateg the Sartel I s teat;
rl0 glves perbapa th€ lost reasonable resuftstr of any of the te8t8. lhls i8 not
lnoi€b. lre y13h to @, the prolabllrty of chance. Bartelre tost Etg tell us tlria r
but, as far as I arr conc erneil, thlg ls not certain.

lhe Bart€I I B t est bas et least tbee Oa,ns :

(a) ltre Sartelrs test Dreruppore6 atne-cosinc saveg vhercas the naves ve ileal
trlth are u€uaUy ztgzg€.

(t) ttre lartelrs test !8keo no ilistlnction b€tveen the significatlc€ of pre.'
itaterrnlnei vaie lengths altl vave lengths iteternlneil fron lttt 3rnel. wlilence. It 1!
sUrely harier, ln a serlee Of raDaorn nunbersr to fintl a cycle of soDe alven leagblr:-
say 4Fit eog-t harr to finil the tegt cyclo tbat is there.

(c) ltre Sertelte test rakes no alistlrFtlo! betueen cyclos rrhlch keq, on conlng
true e.ft cr illsco"ery anil those vhich are foud 1n past eq)sri elco al6o' A cyclo
rhich repeats ten tlnes anil uhich then,3!@ 4l s,ggll, tePeatr ten nore tin€s' 13
obviously nore sl6nlficant tl n one vhlch repeateil trretrty titoss aU in tho !e6t.

f,owerver, in splte of its flavg the Dartelrs test ls the b.st test I knon about.
Iu fact lb 1s the only test I kaoU alout vhlch 1g not ir|vel laat eit by the terlel
corrGlstion prosent in.alf nost all natural tlne ael'les.

Durther CoErent

Doart be arigletl into thinking tbat bocauso e cycle is higlily gi€Dlflcant thero
ls eDy ce:ttai.nty thet it u111 continue. cycles ere fulny thingr. TlI.y coD6. e!.I

eo. ih"y 
"".ppt"r. 

Ihey are not at'ays ilepenilable. There are periods vhen tboy
ilo not operate

the regulsrl ty of the choo-choo of the olil steaD loco[ot1t6 coulil lot con-
celvably cone about by chance, but ubat bappeae to tho sould vhco tho train-goes,
arourod the hlll? or lnto a tulnel? or rhen the eDglD6€! Bhrts off tbe potrer? It I

tbe sa,De uay vlth cyclss.
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A i: -iI5 OF SINES A]iD COSITIDS OF .AICI,ES
I,;&RIISSDD AS EIIRCE:TIACIS OT ;]RIOOTIS

(3600 = loof )

T,es s ln Xl'
Supplernent ?

t .

s t n . l  . z  . l l  . 6  . 8
l, (AIr l lgures Positlve)
o I .ol2 .025 .038 .O50
r. .odj .o?S .o8b .tbo .r13
2 , L ? 5 . r 3 8 . 1 5 0 . r 5 3  . L ? 5
1 .18? .200 .?L2 .224 .236
4 .artg .26l' ' .273" .285 .?9?
5 .3Og .],zL .333 J45 .356
6 . i 6 E . 3 8 0 . 3 9 1  . 4 o 3 . 4 1 1 1
? .426 .43? .ly'+8 .460 .47L
8 .1182 .l+93 . 504 

' 
. 5rt+ .525

9 .5J6 .51t6 .557 .56? .5?8
10 . ji88 .598 . 608 .618 .628

1r .6)? .&? .656 .666 .6? 5
L2 .584 .694 .7O2 .7L2 .?2O
13 .?29 .?3? .?46 .?54 .?62
14 .??O .??8 .?86 .?94 . Bo2
L 5 . 8 9 9 . 8 1 6 . 8 2 3 . 8 3 1  . 8 3 8
1.5 .Elll .851 .857 .861+ .870
L ? . 8 ? 6 . 8 8 2 . 8 8 8 . 8 9 1  . 8 9 9
1g .go5 . gI0 .gls .g2o .925
19 .93O .934 .939 .943 .9tt?
20 .gsl.  .955 .958 .962 .965
2L .968 .n? .nU .n? .980
?2 .982 .981r .98? .989 .990
23 .gg2 .gg4 .gg5 .9g6 .gn
24 ,998 .999 .999 1. ooo l. ooo
25 r. ooo I . ooo 1. ooo ,999 .999 .,
26 .gg8 .gn .996 .995 .9W'
2? .ggz . ggo' ' .989 .98?' . 98l+',
28 .982 ,980 .W ,974 .972
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TESTING CYCLES FOR STATISTICAL SIGNIFICANCE

A p p l y i n g  t h c  B a r t e l s

t o  !  T i r e  S e r i e g

T e s t  o f  S i  g  n i f i c a n e c

C y c l e  A n a l y s i s

b y  C h a r l e s  E .  A r m s t r o n g

I n  t h e  c y c l e  a n a l y s i s  o f  t i n e  s e r i e s ,
the  ques t ion  a lmost  invar ia l r l y  a r ises  ag
t o  r h e t h e r  o r  n o t  a  g i v e n  p e r i o d  s h o w s
stst ist ical  evidence of  reat i ty.  Among the
var ious devices used in test ing for  s igni-
f icance, Rartels '  technique seems Lo give
perhaps rhe most reasonable rcsul ts-  This
tes t  o f  s ign i f i cance,  rhen app l ied  to  the
c y c l e  e n a l y s i s  o f  t i m e  s e r i e s ,  r € f l e e t s
the degree to which I  part icular per iodic-
ity is consistently present throughout the
s e r i e s  u n d e r  e t u d y ,  a s  w e l l  e s  t h e  p e r -

s is tence o f  uhe cyc le ,  i .€ . ,  the  nunber  o f
y a v e s  c o n t a  i n e d  i n  t h e  s e r i e s .  I n  t l r i s
test  the cycle curve for the given per iod

under test  is  f i t tcd to the ent i re ser ies,
and the  ampl i t ,ude o f  the  resu l t ing  mees-
ured cycle is conpared si th the empl i tude
rh ich  migh t  l ,e  expc ted  to  occur  as  a  re -
s u l  t  o f  c h a n c e  f  a c t o r s  a  l o n e .  

' l ' h i s  
e x -

pected ampl i tude is determined Ly f i t t ing
the cycle curve for the given period se5la-
ra te ly  !o  success ive  seSi lenLs  o f  the  se-
r i e s ,  e a e h  s e g m e n t  b e i n g  o n e  p e r i o d  i n
length .  Fror r  the  n  ind iv idua l  ampl i tudes
so o l r ta ined,  6h  es t imte  o f  the  expec ted
rverage ampl i tude is  computed in  accord-
atrce r i th the rule used in determining. the
d i s p e r s i o n  o f  t h e  r r c a n ,  i . e . ,  b y  d i v i d i n g
t h e  q u a d r a t i c  t n e a n  o f  t h e  i n d i v i d u a l
ampl i tudes  by  \G.  By  compar ing  thc  meas '
u r e d  o v e r a g e  a m p l i t u d e  a s  o b t a i n e d  b y
f ic t ing  the  cyc le  curve  to  the  en t i re  se-
r ies r i th the expected s?er8ge ahPl i tude,
re have a direct mamr, chrough the use of
smndard prolnbi l i ty  forrnr lae,  of  arr iv ing
et a msthematical  rEasure of  the Senuine'

r g t t c t i l A L L v  p U t L t 5 H E D  A 3  P U e l t C e t r O t 1  N O  l 2  O r
rxc  Founo l r rox  fo t  t l r €  S ruov  o r  Cvc t  t3 .

n e s s  o f  t h e  o b s e r v e d  c y c l e .  A s  v i l  I  b e
Been, th resul t ing rrcasure of  genuineness
wi l l  be  h igh  in  cases  rhere  ind iv idua l  cy -
c l e s  e x h i b i t  s t e b i l i t y  i n  b o t h  a r n p l i t u d e
a n d  t i r n i n g ,  a n d  l o r  r h e r e  t h e  o p p o s i t e
c o n d i t i o n s  o L . t a i n .  A l s o ,  t h e  v a l u e  o f  n ,
the number of individual periods corrtained
i n  t h e  s e r i e s ,  h a s  a  p o s i t i v e  e f f e c t  o n
this f i reasure.  Of course, f  or  n- l  th€ test
is neaningless.

Since periods other than the particular
one under  rna lys is  a f fecr  bo th  the  meas-
rured  end expccred  eyerage ampl i tudes  in
the sarr  ray and to bhe srnE degree, th
f ina l  measure  o f  genu ineneas is  no t  a f -
fected Ly such disturt . inF elerrcnts.  [ , ike '
w i s e ,  t h  e f f e c i s  o f  a n y  s e r i a l  c o r r e l a -
t ion present in t t re ser ieg is nul l i f ied by
a D p e a r i n g  i n  l , o t h  s i d e s  o f  t h e  r a t i o  o f
reasured to expectcd amplitude. lfence, th
tes t  n ray  r i th  sa fe ty  be  app l icd  to  ser ies
of deviations from noving avcrages or frorn
o ther  t rend or  gmooth ing  curve  dev ices ,
che use of  vhich ney change the armunt of
set ia l  correlat ion present in the ser ies.

The Bartcls test is not designed prime-
r i ly  rs a nErns of  laat ing the per iods of
cycles present in a aer ics.  I ts chief  val-
u e  l i e s  i n  i t s  a p p l i c a t i o n  a s  a  t e s t  o f
s i g n i f i c a n c e  a f t e r  t h e  p e r i o d  b a s  b e e n
locetcd by sm other mcens. Hcever,  in
thc process of locating the cxect period,
i t  i s  o fcen pos l r ib lc  to  se t  up  Che ro rk
processes and pa;Ers in such a eey !s to
fac i l i ta te  the  app l ica t ion  o f  the  Bar te ls
test after the period has been detcrmined.
The fol lo l ing ta l , les and chart  i l lustrace
the application of tte test to the results
o f  a  harmon ic  ana lys is  o f  a  typ ica l  cco-
nomic  ser ies .
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