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1 

INTRODUCTION -
- 

g 

' iRecent attempts to verify a variety of numerical hydrodynamical 

models using field data have indicated the need for a method of determining 

the phase relationships between pairs of vector time series and 

vector and scalar time series. The input or forcing function applied to the. 

numerical model consists of number vector time series such as pressure 

gradients and surface wind stresses while the output of models consists of 

scalars such as water level and temperature as well as vector series. 

Typically, vector output of models are horizontal transports and currents at 

various depths. In verification analysis it is desirable to compare either 

the output of models with field data or to determine the phase relationships between 

field data at various points for comparison with the predicted phase relationships. 

The approach used is to decompose the variance of the vector time series into a 

number of frequency bands and to determine the phase relationships in a, 

band between variables using the concepts of spectral and cross-spectral analysis. 

(Jenkins and Watts. l968). Moreover, all expressions are developed in terms of 

familiar spectral_and cross-spectral quantities. ' 

I. THEORY OF COMPLEX TIME SERIES 

A._ Analysis of a single vector time series A

7 

Consider a vector time series consisting of two oscillatory components, 

U and V, of frequency, 0, where Ulis the component on the east#west direction and 

V is the component in the north-south direction. - 

- U = a1_cosct + b] Sinot - 

'. 1: 

"_ V =’a2 c0sot_ +' b2_Sinot



Q — 2
l 

I ._ 

"Let 

then ._ ; W = 

‘ 

. + 

sinoe from-comp1ex variable theory.eT°?=‘cosot-+isinot. i~
_ 

_ 
_It_is evident thatjwimay be considered as being composed of a 

*U,,+ iv - 

1fi2”E(a] +>b2) + i(€2'- b1)Je 

1/2 [(a1 '-_.b2) + 1'(a2. + -b1)]¢ 

. 1 

. 
[

- 

positive1y"rotating frequency component 

. 

jffil-+"521*";ei,[@2 ”"Vb1]] = 

ithe oomp1ex time series, W, be defined: ' 

Hist 

|A+lei“+ 

and a 1negetive1y' rotating frequency Component 

‘ v 

+n

l 

I 

W 

e 1/2'[(e] = b2) + i(a2 + b1)] 

where, |A+|. = e 
(,[.a..]-e-V+4.b2_1 +.-['32 

|A*1e‘“" 

_ 
r 

|A".|Ar=.__ 
( [a1 [a2

4

+ 

¢'d¥ tan'] §a2;+ bl?"
A 

q; .‘=‘t.an-1 
( '(a2._

I

¢ 

.b2_) ) 

1
O

I |



‘| A

N 

\.'_3._ 

. aow.W may be written 
,

, 

V .w : IA+lei(at+¢f) + lA71ei(Ot§,f):i 
' 

q 

4 

__ 

W = at 1(=*’; ~'A+|eis(ap+1/2(a=* - =r'>)‘ + IAq_u]e_‘,-(qt + 1/2(~=* - J 
‘

. 

. 

I

V 

A N.. l. 
_ 

_ V &+ i- ow 1fVW lS W rotated through an angle of ( + = )/2 then 
q W1 =_.. 

e V+l

f 

'(|_A+|i + pm) cos [at + 1/2(1;=* - ~')] 

i(lA+l - W1) $ins;[<:t_+ 1/,2<~="u+ ~='>]
‘ 

Maj cos [qty 1/2(==* - Q;-')]' 

i.'Mi-nfsin'_[ot-¥ 1/2(<=‘“ - 6)] 

which is the equation of an ellipse 

with major axis 

and minor axis 

W1 + IA 
l_

1 

W1 - IA |~

i 

~ Now the spectral equivalents of these quantities will be found. 
Let 

and
l 

2 2 V

' 

e -Pu = (a1 + bl )/2 , where Pu is the power spectral 
_ 

-density of the u component . 

(a22 + béz)/2 , where Pv is the v component 
. 

- '1 power spectral density 

>' Puy = (a]a2 + b]b2)/2 , where Puv is the cospectrum 

' Quv = (a]b7’=‘a2b])/2 , where Quv is the quadrature ‘ 
. spectrum_

\

‘



in 
- 

4
i

4 

':"~Then by substitutions . 

. =v 

IA"! = 

The major axis is |A+| + IA L 

l/2(2Pu +,2Pv + 4Quv) 1/2 

7%— (Pu + Pv +i2Quv)1/2
' 

Mi 

R)-I 

and minor axis is |A+1 - ]A'l
, 

The angle of inclination of the semi-major axis to the x axis 

Q.=(c: 

4 

tan 2

++

= 

<=7)/ 2 

,_ 
H‘ 

.‘
1 

(‘-32 "Ybi) (al 

———:(2Puv + 2Pv - 4Quv- l=~)1/2 

(Pu +iPv - 2Quv)]/2 " 

+ _ 
tan (a+ + a") =a£2n_:;_i;l2uL;:___ ‘ + V

9 
i- tan w tan.“ ~ 

-+ (a -Db ) (a 

<2 62¢] + Ziblbz)/(a121+.b12--“(a2 b2 >> 

_2 Puv/(Pu - PV) 

bz) i 2 2 
' bl)

\ 

(a1 - b2*J‘i‘(*é1.+ - (a2 + b1) (a2 -.

1 

" e;= l/2 arctan [2 Puv/(Pu -i Pv)] 

In addition-to the major-and minor_axis_and the inclination of the maJor axis 

another useful quantity which may be defined is the rotary coefficient, 

l ~..‘ 2 i 

"<|-“‘2' ‘ 

' lA'|i '*o|A'[? = -giguvif 
_ 

+'.2 
I‘ [A 

| 

"+ |/i'~;i|2 _ Pu + Pv 
.1 ‘ ,. 

of +1, in the counterclockwise sense for -l and rectilinear motion if it is zero 

" iwhich represents circularly polarized motion in the clockwise sense for a value 

2+2



|.- 5 -Mi‘. 

B. Analysiscof a pair of vectoretime series’ A ._ »

_ 

dSince'the absolute phase angle, l/2(¢+ - é') cannot be expressed in 

terms of elementary spectral quantities what remains to be done is to compute 

the phase differences between two vectors. Consider a vector N asna reference 

vector and vector W'as some other vector whose phase with respect to W is 

unknown. v< 
Y

' 

_ 
Let 'W(t) € (u(t), v(t)) where u is the_east component of 

I ‘ 
.

- 

and W (t) = (u'(t), v’(t)) v' velocity, v is the north component 

-_ 
“ ." vof velocity of w(t)., »h 

Define the following co-spectral quantities between u, v, 

u’ and v’ . 

- 

' 

-

" 

< 2 Puu' = a]a]' + b1b]' 

'2 Pvv' = a2a2' + b2b2’ 

2 Puv' = aiaz’ + b1b2’ 

2 l2 Pvuf =,a]'a2 + b1'b2 
I e 

which are generalizations of the previously defined quantity Puv, and - 

the quadrature components from Quv are: ' 

' 

2 

2 Quuf~= a1b]' ..a]’b1 
_

- 

. 

zhqvv» = a2b2' 4 a2’b2e 

: 

n“ 2 Q““' = 3152',‘ a2'bn
i

1

0 I
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.1 

6‘ _.. I 

~Tne positive end negative rotating components of W and W are" 

' 

x wfi="~1f/2{(a1,+'b2) + ii(a2 -'b])} ' 
' 

» 

"* ‘ 

g 

*W"= 1/2{(a] - b2) + i(a2 + b1)} 

and vs%f~ w*'=_i/2{(a]' + b2’) + i(a2' - b1’)} 

I 

_i 

w5*=H1/2{(a]<_¢"b2i) + i(a2f'+ b]f)} 

Alternatively, since." 
A 

’ 

_ 

E

- 

and wit; ei9h'I}Af7tei(ct + ¢') +plAF1e-i(ot + ¢’)fi, 

the cross spectrumsbetween the positite1y rotating components and W’ may 
be-defined a5~ , 4w+ w** s where * oenotes the compiex COfljUgate. 

km w**>' = |A+'|‘.l_A+j’|ei(O’,c * i) 
7 
“°‘ * <P'>e‘<° * 9’)

, 

, 
+ +* . + +' ‘= Pw w - 1Qw w

_ 

l
. 

i 

s 

= I/\,+il i|A**i1i<-=~“*'* 

Now thE'PhBSei ¢+f between the positively rotating components is 

.¢ if = 'aY¢ta>n(Qw+w* 1/ Pw+w“»v )
' 

. " ,P » ~ 

“ 
V 

- 

4 
é 9 -re * ¢ ' ¢ 

V 

_ , . 
. 

" 

.f 

the phase difference (¢ - ¢f), between the two yectors, is then ¢++ -(e - e’) 

and the degree to which these components are corre1ated is given by the coherency 
. I 

‘ 

I

, 

5§Uaredi ,C¥+ 1 

. 

~ 

Q

' 

6+7“ = (.P2w+w+’+ Q2ws"w*')/(Pw*w* »w**w*’>
i



.-'7'!‘ 

where 
‘ 

v'_Pw+wf7' =_‘1/2(Pu + Pv + 2_Quv)- .
- 

f 

n 

r 
1»Pw*7w"' =41/2(pu7 + Pv’ + 2Qu7V")-

s 

and by using the previously defined spectra] quantities." 

Pw+w+< = 1/2(Puu’ + Pvv’ - Qvu’ + Quv ) 

l 'Qw+wfr"= 1/2(Puv’ - Pvu’-- Qvv’ - Quu ) 

Now if it turns out that the two comoonents |A+] and |A*'| ore zero or sma11 

then the vector process wi11 be described princioally by |A‘] and |A:?].. 

V 

' 

In this case the phase difference ¢'* between the two negatively 

rotating components is~
“ 

‘ z 4'
, 

_ 

__~ -- ¢" = arctan(QW w /Pw w ) 

I I *-(¢-*¢r)+e-e- 
. 

‘ 

V

< 

resuTting in the phase difference between the vectors 
4 . 1 ' 

f ¢-¢W=e-@—¢" r 

As before the coherency squared between the negatively rotating 

components is. . 

' 

“ 

~ 

_

A 

.' c" e. P2w*'___\'!e"’-‘I-"l+§;.2w*~w"~ - 

J 1..., , _... .- .. 
" 

_ ,fl . 
Pw w 

Z 
Pw w" 

where A" sPwfw' = 1/2(Pu + Pv'- 2Quy) » 

. -,_. _' A A I I 

\ 

Pw7"w' = 1/2(PU‘ + PV - ZQU V ) 

‘ 

. \ 4_ a. fa a -; ‘ 

_ 

_Qwfw‘* = 1/2(Pvu *5 Puv - Qvv - QUU )~;. 

' Pw'w " = 1/2(Pu‘u' + Pvv’ - Quv'-"\+tQ§fl"")r e
-



, . 

.'* " 
If a_vector series is composed almost equaiiy of pdsitiveiy and 

neéativeiy rotating cdmponentsg the phase difference may a1so be computed 

by averaging ¢++ and ¢" ' 

V 

-¢ 

or 

-I“-+ "-1- -- ¢'= 1/2(¢ = ¢ ) 

_
I 

_ -—Pv-- - 
i + +' +,+’ .' 

A 

' 

¢ - ¢* = in'+ 1/2 arctan,’ Q W" /PW W Qw W / W W ‘c 

+ +’ ' 
1 + w w w'w' 

Pw-w Pw w 

into the computation of phase angle; A 

.<w 

Th 

. , a

8 

and the phase 

as_before 

I 

‘ C+ 

. . + -q 

where Pw'w

-

2 

N>=» ‘ ~.. 

phase difference between the two components is 

+-=' . + -' = Pw w ; — 1Qw w 

= W1 |A" ~! 

*e"¢*"
5 

_
i 

-are'sma11.or zero. In this case it is necessary to c0mpute~ <W+ N > 

+ - 
[AH ei(5t"+¢) ‘ “Gt +¢ )ei(9 + 9) 

difference between the two series is

I 

1/2( 

¢ = +(@ + 9 i‘+-¢*' i 

+-' +- ’ 

Pw+w+ - 1'Pw w i
. 

I I 4 I 
Puu - Pvv ,- Quv - Qvu ) 

(.P2ww- + Qgw-W71)
" 

++’ '
1 

. 
_ 

Note that the averaging process introduces an ambiguity of in_ 

- + \-/K- 'Andther case which arises in practice occurs when ]A I 
and [A 

' I-

1
Q =larctan (Qw+w'f/Pwfwf )

‘



-9.-V 

‘ ' _;Qw1*w" = _.i/2(Puv~' -i-"Pvvu’ +» Quul’ -*:‘"ovv'-) -

. 

Pw+w+’ and Pw"w" are defined above " 

p 
_

' 

i 

A5 the finai case, consider the cross correiation of W‘ and W+x$ 

<W7W+ ’>'. 
- 

t 

"

' 

"1 <w:wff>'= ]A'||A+’Ie-i(6¢v+¢) * i(0te*¢’)ei(9 + 97) 

' _+/ . _ J '

‘ -= Pww - 1Qww+ 

= |A'||A**1 ei¢_+.
. 

_ 

The phase difference between W' and.wf is'¢‘+.=.arctanV
_ 

.(Qw'w+i.Pw*w+§ - 

' 

_ 

' 

. 

'- 

‘ 

rand~the phase difference between the two series is ¢ - ¢'.- 

¢'i¢"=9+9"‘ 
~ ' 

. \ 

C-+4: + QZW‘-'W+’ -

\ 

. + . . 

r 

V 

Pw'w' Pw iw ' 

.¢-+ . 

_. 
- ' M. ' 

,.._' 4 

where Pw'w+’ =1/2(Puu’ 1 Pvvfi + Qqyf + Qvu ) 

ands Qw'w+{-=1/2(Puv’_+ Pvu’ - Qfiu’ + QVV?) . 

As was computed for the case of correlation between either the tr 

positive or the negative components an average phase difference may be computed 

based on the aboye expression» , 

' 

_ 

- 
- e

" 

¢ + ¢' = 1/z<¢*"- ¢’*) r

p 

r +- +-’ -+' _, -.'. 
4 V_ _-+¢-- t 

= 1/2 arctan a o9" W /PY‘Y, '_Q§,w /PW W 
o -¢ w

E 

1. +etQ!_!_,_Q!J!_,b t 

. 

Pw+w' -Pw'w+ z



M _ 1Q . = 

" 

to 
; 

~ In summary, two possible strategies are evident for computing the -. 

phase difference between vectors; one is from formulae developed for the 

correlation_of rotating components of the same sign and the other is based on 

correlation of opposite sign. In practice the first procedure is adopted if 

the signs of the rotary coefficients are equal while the second if the signs 

of the rotary coefficients in each of the two vector series are opposite, p0nce 

a strategy is adopted two coherences and six angles are computed;.the angleS 

between the two rotating components, the estimated phase difference between the 

two series based on the angle between positive components and the angles of 

orientation, the_estimated phase difference between the two series based on the 

angle between the negative component and the angles of orientation, the estimated 

phase angles between the series without information on the angles of orientation 

and the complement of the last angle listed; which of these angles to use depends 

on the particular circumstances.~ 
' 

‘ 

_ 

' 

_ 
p _ pp _ 

1 If the two coherences listed are above the level of significance then 

the.average.value would be most appropriate since it does not rely upon the 

estimates of angles of orientation. Unfortunately, since there is an ambiguity 

of £ 1809 it is necessary to compare the averaged values with the individual 

values in order_to select the appropriate angle. If only one of the coherences 

is above the level of statistical significance then it is appropriate to select 

lthe associated individual phase estimate and to ignore the averaged values. 

>\ .' The case of purely circularly polarized motion presents a special" 

,case.”Since_the angle of orientation of the major axis of the vector ellipse 
I 

-
. 

has no meaning in the instance of circularly polarized motion the phase difference 

is given by the phase angles between the individual rotary components. The _ 

. 

;

I 

' 
» 

l 1

y



'
, '- 11*‘. 

_ 

I 
_ 

. 

_

. 

averaged angles-are.of limited usefulness in this case since for circularly 

polarized motion only one of C*+ or C";can be significant} '- l

Y 

C. Test Cases u 

' 
4 

4
_ 

Two examples are provided_to illustrate the above concepts; Consider 

two vector time series composed of random noise signals upon which are imposed 

six sinusoidal fluctuations of differing frequencies, f1, f2, --- , f6 

U = Real N 

V = Imag W» 

u?= Real w’ l

I 

_ 

V1= Imag W_’ 

wheref .

V 

i' W'= Random Noise + (2 cos (f]t) + i sin (f]t))ei87'9
_ 

V. » 
_ 

4 l Q ‘ Q l -165- + (1.4 cos.(f2t - 151 ) 
- .7i Sin (fzt - 151))e l 

, 
. . 

' ' O 5 _..‘ .

O 
' +,(a cos§f3t - 112 ) + isin (r3t - 112§7e-‘*°'5 

0 .

‘ 

+ 4 cos (f4t + 120 ) 
' O 

+.(4.2 cos (fsr) - isin (f5t))efi6§ -_ 

+ cos(f6t ¢ 120 ) -_2 isin (fat - 120
° 

,w'= Random Noise +.(s. cos(fit-+»l§O ) - isin(f1t + 12o°))e"7°-5a i

° 
h 

+ (3 cos(f2t) + isin(f2t))e;i?0f5 
‘ . . O 

+ (3 ooslféo) - 1sin(r3t))o*‘87?3 “ 

, 
_ 

0 
- ° 

+ (9 cos(f4t) + isin(f4t))e170' . 

. 
g 

: 

‘ _ 

. 

’
° 

. o 
s + ls coslf t-172°) isinlf t 1729)) ‘7° 

t k '_¢.,1 '_ Ae
' 

. + (9 cosflfst) --isin(f6t))ei7o 

‘i’ Th 
I 

' 

V

h 

- 

V 
e random noise component is added to simulate the background I 

.noise present in geophysical data series., ‘

-



'

1 
' 

-

1 

V 
,

4 

T--12s_ 

»'" The output of the spectral_computations by the programme presented ‘I 

in Appendix I for the given input vector series is listed in Table IA. 
. T -

' 

- 

' Since nearly circularly polarized vectors are frequently encountered 

in the.an;1ysis of lake data an example of this type is included.
l 

W é random noise + (cos (f1t) + isin (f]t))ei87‘3° ? 

” + (J(cos (fzt - l5l9)- isin (fzt - l5f)%§i65'° 
‘ 

4 
» .- iv 

’ + (cos (f3t - l72°)+ isin (f3t - l7§))e'1/0'5 

4_. cos (f4t+‘120°_) f
'

O 
' + fies (fst ) 

- isin (fst ))e i65 -

- 

2(¢¢s(f6t - 12o_ )- isin (f6: - 12o°))e ‘65 T

T 

. 
-4 H. = random noise + (cos (f]t+l30°)- isin-(f]t + 1so3)e'7°f5§l 

T 

s 

’,+_(cos <f2¢) + isin(f2t))e—i70'5 
T

i 

+ (cos (f3t) - isin(f3t))ei87‘5 

I 

. 
+ (cos (f4t) + isin(f4t))ei70 

- o 
+ (cos use-172°)’; mn(r5e-=172°>)e'l7°-5 r

~ 

. + (cos.(f6t) - isin (f6t))ei7Q ' "T
A 

It is evident that the phase information in the second example is 

obtained from either columns, ¢+i -or ¢'i and not.the other estimates ofn 

phase in the case of the circularly polarized vectors (Table lB) whereas for the 

elliptically polarized example phase information is contained in last four 

columns (Table lA). - 

_ ;

e 

' The method of analysis is designed to handle one further special 

case which occurs when one vector component is circularly polarized and _when 0 
one component is elliptically polarized. ‘For the purpose of the calculation



- 

, 

'

I 

-= 1.3 -I 

circularly polarized motion is considered to occur whenever the absolute value 
of the rotary coefficient is greater than 0J9 which corresponds to the case

‘ 

where the major axis is less than 50% larger than the minor axis of the ellipse. 

The angle of orientation is then set to zero and the calculation proceeds as 

before. The estimate of the phase difference is obtained from the appropriate 

columns, (¢,- ¢f)+i or (¢ -_d’)'i._ Y 

‘ I,
- 

D.d Analysis of a scalar time series and a vector time series_ »~ 

Let a scalar series be defined by 

--Zr= a1gcosot + b]sinot ' 

i= <lA*r + |A'|> <¢¢s<@t + ¢> 

= 2|A*| ¢os(ct + r

T 

.and-a complex series W’ 
. 

'.'-~ , , ' 

.W'1T1¥ {(lA+'| + I/\'_|) ¢0s(<=t +- ¢') 
_

. 

+ i(lA*'I"- |A"|> s1n<@t + ¢'>1ei@' 

. 
>' ‘ 

1 -

‘ 

. Essentially all the expressions developed for the 2 complex time series 
carry over to this case with the modifications required by a2 e b2 = eHh= Pvv]

V 

= Qvvl é Qvu]"# Pvu] = Pvv = Puv = Quv = 0.c Not only are the above expressions= 
. \ 

. - - 
4

- 

for the phase angles greatly simplified but also only one strategy need be ‘ 

adopted since |A+| and IA I 
are equal for a scalar process. 

1

’ 

' 

A computer programme which calculates the coherency and phase relations 

between a scalar and a vector is presented in Appendix II. Two examples of a 

scalar-vector correlation are provided by the frequency component, f4, for the



— l4 - 

I

. 

-case of an elliplically.polarized vector in Table lA and for the case of a. ‘c 

circularly polarized vector in Table-lB.- " 

II Application:to Model Verification 

,. As an example of possible usefulness of the analysis consider a 

hypothetical model of nearshore circulation which predicts a certain phase , 

relation between the motions associated with internal waves at an inshore and 

an offshore location.‘ In order to test the predicted relation appropriate data 

are selected at each of the two locations and analysed by the above programme. 
- 

. Hourly observations of current at the depth of l0m were selected at 

an inshore station, station 41, and at a location approximately l6 km, offshore 

station 6 for the.2l day period from l5 September to 6 October l972. Both 

series were collected in the Oshawa region of Lake Ontario during the intensive 

field programme known as the International Field Year on the Great Lakes. .The " 

locations of the station and description of the programme are given by Blanton » 

(1973). _ 
y 

.

A 

“' Figureil is‘a plot of the logarithm of spectral densities of u and v 

components of nearshore current and the coherence between the components against 

frequency. A prominence is evident in all three quantities at a period of l6.6 h 

or a frequency of 0.06 cph; Associated with this peak is a rotary coefficient of 

0.94 which indicates nearly circularly polarized.motion in the clockwise sense- 

A similar plot for the offshore current series seen in Figure 2'also indicates th 

presence of a circularly polarized motion at the same frequency. The rotary 

coefficient in this case is 0.99.
' 

lIn Figure 3b coherences between the positive and negative rotating 

components are plotted for 50 intervals of frequency. The highly significant
_



- — l5 -¢M. 

_ I : 

. .
' 

coherence between the.negatively rotating (clockwise)-components at a period_of 

l6,Z hr indicates that the motions are correlated between offshore and onshore
' 

locations. Furthermore; the phase angle between negatively rotating components 

shown in Figure 3a are in agreement with synchronous orbital motions of internal 

waves at the two locations. f 

F F

. 

’.a .w'A further test which is not presented in the figure between current Q 

data was conducted at.station 8 during the same.period as the previous test. 

Internal wave motions were highly correlated from the l5m to the 30m_depth, but
_ 

were exactly out of phase with one another. 
_ 

_4 .e 

" ' 

To illustrate the use of the programme which éorrelates scalar and " 

vector time series current meter data at station 6 and at a depth of l0 meters I 

were correlated with the depth_of the 6° isotherm-at that station. Depths were 

calculated by linear interpolation-between closely spaced temperature sensors .

_ 

and the current meter spectra have been plotted in Figure 2. ,’ 

. 
e 

“The spectral densities of the isotherm depths are closely related to- 

the current spectra in the lower frequency range. Figure 4b demonstrates the » 

highly significant correlation between the negatively rotating current vector 
\ ' 

»
. 

and the isotherm excursion-at a period of l6.7 hr. The phase angle at that 

frequency depicted in Figure 4a indicates that maximum thermocline depths are 

associated with eastward currents at station 6. 

" A simple model of the flow which is constrained by continuity can explain 

_the observed phase relation. On the northern half of the lake easterly flow in 

the upper layer is preceded by one half a cycle of onshore flow in the upper 

layer and by one half a cycle of offshore flow in the lower layer. Since fluid 

is increasing in the lower layer until the upper layer current is eastward, the



_ ]6._ . 

upper layer must thicken and will reach its maximum thickness when the current 
is due east. . 

‘ "
’ 

III ,Computer Programme Description I I 

»-- 

* 

I 

Due to severe memory restrictions on the 3300, the four-dimensional 

spectral analysis routine was written in the form of four programmes with 

intermediate data storage on tape.- To simplify submission of jobs these four 

programmes were stored on disc files; Pull listings of the programmes below 

are given in Appendix I. ,' 
- 

i 

- 

‘- 
“ 

- :- ' -~ 

The four programmes are: _-=4 - 

_ 
1, 

. DATA l - reads vector-time series data for two station 

locations and buffers onto tape. I 

CALCATE - reads from tape, performs Fourier transform on, 

. data, calculates four power spectra, and six 

cospectra and quadrature spectra for all possible 

pair combinations and writes this result on tape. 
I 

OUTPUT - reads from tape, calculates coherence and phase, 

prints and plots spectral characteristics of each 

vector series by frequency interval, and writes 
" " results on tape. " 

I -

' 

SPECPLQT - reads tape, calculates and plots coherences and 
' ' _” phase angles between vector series against frequency. 

_ 

$imilarly for the case of a scalar and vector time series four’ 

somewhat different programmes are stored on disc files 

'SDATAl * ' - read a scalar series from one station location, and 
’ 

’ 

a vector time series from a second station. Data 

are buffered onto tape. ' 

~
‘

1I

l
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' 

V,-'17 Pqt 

.' SALCATE 3 -.reads from tape, performs Fourier transform on 
,» each of the three series, calculates three power 

spectra cospectra and quadrature spectra and l 

- 

_ 
writes the results on tape. 

SUTPUT t 

_ 

- reads from tape; calculates coherence and phase, ' 

_ prints and plots spectral characteristics of each
L 

of the three series by frequency interval. - 

’ SSECPLOT-" 4 reads tape l, calculates and plots coherences and ‘- 
. 

- 

, _ 

l 
~’ 

_ 

'_phase angles between the two series against frequency. 
Full listings of the above programmes are given in Appendix II. 

7 
t 

i A number of statistical quantities describing complex time seriest 

have been derived in terms of the standard covariance spectral concepts. ‘Two, 
' 

. 1 

computer programmes based on the formulas derived herein are described and are 
applied to a number of test cases of known properties as well as actual pairsv 
of current meter time series. Test results suggest wide horizontal coherency 

. 

' 

1

‘ 

and synchronism of internal waves and that there is a phase reversal across the 
thermocline occurring in Lake 9ntario;' Phase relations between currentiand - 

thermocline oscillations can be determined near the shoreline from simple 
continuity considerations. It is hoped that the concepts outlined and programmes 
developed will be of usefulness in the verification of dynamical models of 
lakes. ‘ r

a



“-18-V. 

_ 

i 'ACKNOw‘LEDGEME'NTS; '_ 

. 'The programming edvice_of H. Comba is gratefolly acknowiedged 

J. A. Bull provided the isotherm data. Assistance in proof-reading was 

performed by D. George._ M. Skafei and B. G. Krishnappen made a number 

of helpful suggestions.
'

I



e_,19 _ 

l 

REFERENCES - 

' 

.
, 

BLANTON; J. 0.‘ 1973. Nearshore 1ake currents measured during upwe1]ing 

and downwelling of the thermoc1ine in Lake Ontario. Unpublished 

_ 

. Manuscript. 
_

' 

JEN&INS, G. M. and D. G. WATTS. 1968. Spectral ana1ysis and its 

application. Ho1den-Day.

I

4 i



A

02 

mg 

|_ 

___m_2_L_3 

O25 

NIH 

Cggg 

m__EU_'UE_“_'UOU 

>'L@u_O~_ 

Lb 

O32 

ii 

m__@ 

N.w_?| 

®_@w

_ 

N 
mm_| 

W 
Am_m¢ 

Q_mN_| 

W 
m_o

_ 

¢_®@ 

®_mN_'

W 

mCmo_| 

W 

mI©R 

x 

m_ NImw__

) W 
m~w¢ 

_

A

_ 

m_©©_|

H 

m_

I 

f
_ 

@ 
Am£wN_|

_ 

m? 

’_ 

O_? 

N_No? 

mo_ 

m_mm

I 

N_wm_ 

¢_N? 

mN_ % 
»o?m|MA 

??|

? 

©@,‘ 

m 
N?

| 

®m_| 

@_©m_r 

~©®_ 

mmF|

: 
:_ 

NM 

©@

O_ 

Om_| 

m?!‘ 

oo_?

_ 

ww?‘ 

__ 

m__J_ 

w__N_| 

wo_ 

mF_'»

_ 

owN|_

> 

_m 

’? 

¢
I 

_ 

\r 

CNN 

NM 

h 

__| 

g 
o_ 

Y‘ 

Nm_ 

J_| 

CNN

V 

mm‘ 

t 

_]

_ 

©% @%S Np _$

‘ 

A
W

§

_ 

oN_| 

_o© 

N~_h__ 

_~oN_ 

_om| 

m_w' 

_j 

w__N_| 

Nlw

_ 

¢_om_| 

¢_@N @_@¢_ 

m_om_l_‘

i 

ow_Hm><A 

G
I 

6v~ 

“o><A 

9
I 

ev__| 

A 
G

| 

fly 

|_eV 

Vile 

|'U_ 

I 

e~ 

A_| 

__ 

‘_ 

_

_ 

_ 

‘__‘_ 

++°

‘ 

> 

__ 

+0

\

‘ 

‘>+

+ 

_+___‘ 

_

+ 

El 

y___"‘hv_;__“_i~_“__‘_ 

V‘ 

N 

_v 

LU;

_n

V

_

_

i

M M 
_m_m__¢ 

M 
N_H~_

W 

w_m_?

_ 

__ 

N_fiNFW

” 

m_m¢_|

A

M 

m_mN_r_

_

E 

“I, 

_Y 

NW1“ 

“‘1IH‘ 

I] 

_ 

‘:1 

I: 

' 

__ 

‘) 

Y. 

‘ 

__“ 

‘ 

_ 

‘~_l“_;:

1 

‘

‘ 

1;‘ 

1;, 

?_oN?| 

?,m7 

|_ 

o_? 

Wm_¢o7 

O__ 

N__N? 

N_$®_| 

__QN? 

N_GN? 

o_? 

’T_om 

V 

_o_? 

m__N_| 

m__N_| 

N_Fm?_ 

©_m_

_ 

o_? 

Mw_¢N

_ 

o_? 

___m_| 

O__ 

W__m__| 

I 
QQ_

_ 

>’ 

“\"\"1' 

1‘! 

ff 

__ 

‘

I 

r 

' 

‘Y 

‘_‘_i_ 

_m5_;E_) 

é 

1?‘ 

_' 

‘Z 

I

‘ 

‘H“""' 

‘ 

__I 

I 

‘_'_ 

“__ 

,_ 

1* 

@_ 

mQ@<P

7 

§ 

I

1 

*1}

____

_

__ 

W 
o__ 

%Ru©N_ 

o__

_ ;_

_ 

W

_ 

o__ 

Wm_¢m__ 

o__

H_ 
_il 

<_ 

m4$<% 

M

W 

d 

M
‘ 

‘

_

_W

M

_ 

J 
om_

m 

mflmw 

A

_ 

4

M 

m 

QMN 

_ 

m__ 

M 
oN__

_

_

*A W 
CON 

_ 

N_
’ 

__|

_ M 
_w 

OMN

I 

mN_ 

W 
_ 

DON‘ 

N_ 

yaw

I 

_

_ 

W_AM®

I 

+ 
mv 

W**3\\3 

pom 

W’ 
xucmzam 

_"_& 

_ 

_‘ 

W

_ 

In 

m$>

\

3 ¢% @%N%



Figure l 

Figure 2 

Figure 3 

Figure 4 

. /4. 3 

qt 
LIST OF FIGURES

V 

Spectral densities of the east and north components of current ' 

for the nearshore station, cgs units. 

Spectral densities of the east and north components of current 

for the offshore station, cgs units. n I» 

(a)_ Phase angles between the two current series associated_with 

the two oppositelyfirotating components. A 
'

g 

(b) Coherences between the two current series associated.with V 

the two oppositely rotating cmppnents. 

(a)s Phase angles between the;thermocline displacement and upper 

layer currents for each of the two oppositely rotating components 

(b)s Coherences between the thermocline displacement and current 

at station 6 for each of the two rotating components.“
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A APPENDIX I 

Programme Listing for vector-vector corre1ati0ns

I:



_ .~ - |.DATB" . 

‘ ' 

27 

FHMKE‘ Ca1cate* 

PURPOSE up 
1 1 

___ _’; .i 
4‘ 

V. 
up P‘/?' VA,_ h.,’. 

t Reads two vector time series, removes trends, calculates Fourier coefficients 
power spectra and cross spectra ' 

-
V 

DESCRIPTION ' 

p 

V 

.

G 

. Caicate is the main driver routine for the spectraT'cpmputations 

1}‘ 

USAGE

i 

f
. INPUT ; »»~,q'-"*” 

- V iouwrum -, 

.') X cdfitaTfis raur~s¢a1ar timerseries 
_ 

P four power-spectra 
' 

V, - 

, 

_ 

C six cqspectra _ 

i Q six quadrature spectra? 

SUBROUTINES usnn c 
G 

_. 
_ 

‘ --- GCALLED BY 
. Spectr which in turn ca11s'Fscran ‘Data 1 

STORAGE REQUIREMENTS 
u ‘SOURCE LANGUAGE I 

MACHINE G PROGRAMMER 
REFERENCES~i '

‘



LN 
LN 
LN 
Ln 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN

1 

,- _ ‘\ - 280-Q 
- n

Z 

USASI F0RTRAm(1~1)/Moos #=z~"1aIL0hHiwvRu Qili = 1 
' .'§$R 2071 ‘ VuAT¢ 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
0005 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0010 
0019 
0020 

- WuOGHAM~CuLCM(F
C C._ . 

4

Q CnMMON XM19XM2,Lu5 ,r&;r»a 
CUMMON NAUGQNPT5 V’ V 

CUMMON x11u2o»4)»P(1u1~4I 
CwMMUN c<101.~).~<1u1»»>»v0<1u1,2>»Pn(101> 
HQWINU 2 
BUFFEQ INK2¢l)(Xi1sPn(101)) 
Ir(IFUN[T(2))l@Z~1 

2 QuNTINUE 
V

' 

wmITE(b§f53)NPTb 
FURMAT(lHl9I5) ’ 

wflITE(b,701)AM1eaM2¢LAG 
753 

101 FURMAT(1Hl/////,17H MUQR1Hfi NUMBERS sfifiafifi ANU 9Ad9/// 
$55 LAG=9I4) 
CQLL SPECTH(NPTS) 

1 Rhwlwv 3 »
V 

SIOP 
ENU_ 

USASI FORTRAN DIAGNOSTIC RESULTS F00 LALCATE , 

nu ERRU<S



:0 .- _0 1 

105051 FORtRA~<1,11/m$os_4;2' INTEGER 0080 SIZE = 11 ‘P$R'287. _.DA1E 

OLN0001 SUBROUTINE SP'E.CTR(NUM)‘ 
LN 0002 u . -c0MMo~@xM1»xM2»L0e - sFRtPnR _. 
LN 0003 . 

- CUMMON NAU6¢NPTS' 0 5
- 

LN 0004 ~ CuMMON'X(1026,4)eP(101,4) '
' 

LN 0005 CUMMON C(1019h)vW(l0l9b)9Cu(10192)9PH(101) 
LN 0006 . ., CALL ZEROM(Pv1919) ~

1 

0007- WRITE(6a6b99)XM1aXMZ '

1 LN 
LN 0008 . 6099 FURMATIIHI0///5XaA8¢5XoA§/////) 
LN 0009 ' N§H=4 
LN 001o_ P-L 1#KIP=0 

_ 

' 

1 

3- 00 
‘LN 0011 ‘B00 "CUNTINUE; 1 1 

LN 0012 CALL"FSCRAN(XsNUHsLAG9P9§uwPHs1SKIP9NCH9Ceu) 
LN 0013 " REWIND 2 " 

0 

» 
- 

_ 

1

" 

LN 0014 ' BuFFER OUT(291)(KM1,PH(l91))
‘ 

LN 0015 Ir(IFUNIT(2))901§902s901 
LN 0016 9021 ENDFILE’2 ~ 

LN 0017' RLWIND 2‘ 
LN 00181 901 RhTURN 

_

, 

LN 0019 ‘ 

1 EMU 

" USASI FORTRAN 0100~0sT1c RESULTS FOB bPECTR 

A ~NOAERR0nS , 

UNREFERENCED STATtMENT LABELS ' 

00800 '



w 
| 

DATE 
-so - 

Npuwz Fscranl 

PURPOSE " Y 

'“’ 7” 

Filters out trends, calls routines for spectral analysis and corrects output 
_ 

for_trend removal 
A 

' 

_ 

»' 

DESCRIPTION a 

. 

' 

- 

_ 

,' 

Calls Taper which applies a cosine taper to 4 series after mean is removed 
by Avvar and trend removed. Zefill augments series to multiples of 2'in - 

llength. Rlfort calculates the Fourier coefficients- Pspec calculates the 
4 

four power spectra. Finally Xspec calculates co and quadrature spectra for 
all pairs. - I 

V 
- E 

VUSAGE 

INPUT VT . 

' _iOUTPUT7 A 

X§.4 timg;series . P four power spectra
A 

. 

A C S1X cospectra =
_ 

. Q six quadrature spectra 

SUBROUTINES USED CALLED BY ' 

Spectra 

STORAGE REQUIREMENTS . SOURCE LANGUAGE 
MACHINE A ' PROGRAMMER 
REFERENCES



usasi F0RrRAu<1;1r/Msos,4.2V.r~re0aaYw0~0‘s1z£ = 1 _ 

3PSR0zr7 0410 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
9009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0,022 
0023 
0024 
0025 
0020 
9037 
0020 
0029 
0030 
0001 
0032 
0033 
0034 
0035 
0030 
0031 
0030 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0040 
0041 
0040 
0040 
0050 
0051 
0052 
0053 
0054 

120 

130 

135 

140 

I45 

4146 
25

C 
150 
160 
105 
170 
c0 

;,0V.2_, 00 
4 

‘_;i3j];f_ . 4; -4 ,4 A 

SUBROUTINE FSCRAM(X§NPTSv“BvP¢C0HaPHoISKIPsNCH»C9H) 
CuMMON'XAX9XXY,LLL _v,FhcPAR 
CuMM0N~NAUG9KIT - 

P 
0 

_’. 0'- 
DIMENSION x<102e.4>,P(101.4>,c<101.0;.0(101,e» con<101.2> 
D1MENS10N;PH(l01) ' 

' 

.

' 

S(5l3Y4AvG(4)pVAH(4)450M147 ' 

KH=5’ 
. 

'

‘ 

LPF6 ' 

K1T=NPTS ' 

NuP1=Nd+1 . 

Ir<1sKIP.E001>G0010 450
. IwU;0 ' 

_

' 

00 135 ICH=19NCH - 
- 

>

0 

CALLbAVVAR(X(19ICh)sNPT$sAVG(ICH)sVAR(ICH)) 
IF(ICHoLT.4)GO TU 135 ' 

' 

1

' 

WHITElLP9l20) _’ 
1

. F0RMAI<'/¢9x,13u M MEANA ..3x,4nvAR_a19x,4hMEA~. 8X,4nvAH 
$2(19X94HMEAN9&Xo4HVAH >/1 " 

4 Q HHITE(LP9l30)(AVG(I)bVAR(1)91=1q4) 
FURMAT(2X97HX-COMP92E11e§v5X 97flY°CUMP9ZE11¢3 SXQBHXP-LUMPe 

$2Cl10395K98HYP-CUMP92E11,3) '

, CONTINUE . 
0 

~ 

0 
- : A 

00 14s.1cm=1,~cH 
002140 1=1;~PIs ,

' 

x<1,1;n>=x(1»1cH>-Ave(1ch» 
CuNTLNUE 

A 

'- 
AvG(ICH)=0- '

’ 

CUNTINUE 
FAC=p95. ' 

D£L=0 
DnL€0 1 

DILFU. ,0. 
DQL;0a _. 

I

- 

00 146 1;2sNPTS 
D;L2=FAC*0EL+40S*x(I9I) 
D£L3=FAC*DAL+.n5"X(102) 
D¢L4=FAc*01L+.05#x<1»3) 
DtL5=FAC*DuL+.05*X(1,4) 
x\1—1,1)=x(1—1,1)-DEL 
x¢1-1,2>=x<1-1,2)-0A0 3 

X\I‘193)=X(I¥lo3)"UlL - 

X(l‘19§)=X(I'l94J"UUL‘ 
DAL=DEL3 
D1L=DEL4 @ 
DqL=DEL5 .

. 
. 1 

,
. 

QbL=D£L2 
0 - 

. 

l 

H 

‘ 0 Hh1TE(6¢25)((X(IeJ)9J=lv“CH)9I=19l00) -

, 'F0nMAT<3c1x,4E10.31: * ' 

whITE(LP9I50) 
.

. 

FORMAT<// 300 M040 REMOVFU FRQM EACH SERIES > c0~T1wuE ’ 

00 170 ICH#1»NCH 1 

CHLL'TAPER(X(loIfiH)9NPTS) 
wn1TE(LPe1B0) .

'



.;;-. 

006% 
00305

6 

. 0-< 0057 
@058 
0059 
0060 
0061 
0062 
0063 
0064 
0065 
0066 
0067 
0068 
0069 
0010 
0011 
0012 
0073 
0074 
1.‘ . 0075 
EQ76 
0017 
0078 
0079 
0080 

0002 
0033 
0084 
0085 
0386 
0005 008Q~g 
0090 
0091 
0092 
0003 

0081} 
~ 1.. 

0@8T 

, . 

. w 

0: :0 ;- I 

0- 

01090; 
,._,,. 

I200 
_. . 

Q; 

Q10 
-220 1 

\'. 

250 
A}5' 

»210~ 

' 
_u-_(' ._: 

290 
360 

02 J ,_ 0.“ " 
. A W . W 0000110050 1» »»»0 1; {xi g0-0 ~0~v%0 00—0,~ 

'€PEL*RFF@RT!x<1~19'"¥1'§3°°IF5RR7“;;Q, 00 o0"2mo*rcH=1,NcH = 00 0. =00 5* ‘ ‘* 0w 

' ’ 

. 

' 
- ~: 

.‘ I 
_ 

' 
.1 

, 

‘ 

4‘ 0 .
- 

- .} ._ '_.; 
V 

. 
. 

‘ 

_ 

. - . 2- _ 
< 

Y 
. I » ~' 

. 
* w . -1 ‘U ,3 

¢9NT1NuE6VH _,0m"J_ ¢@'~6iw; 1}‘ ‘~10-H '" 
. L9 ., _+§:'_"_ 

0 

‘ 

' 

‘ ' 

' 

El 
:._-1‘ 

‘?;§;;?‘;.V ; v;‘.~.;4_0,_~: in: .. 

c0LLjZEF1LLxx<1.rcH>,NPns~M»NAu0>.0“‘ .0 0 00 0100?. 
I.‘ 

, 

I V 

v.~_{,'~ ;,;'.:.€, >- 
_! 

-l_-‘_v.'Y,_,."h

. 

WRITE(LP»210)NPTSaNAUG 0 *4 ‘ 

00L =,0»‘=;g. FuRMAT( / sen Each SERIE9 AUGMENIED Bvlzenos Fno@'r5§0&,Prs "rI5¢4H PTS > pa - ~ 

.¢ . >6 ”J< ‘Q 

CALL RLFORT(X(1oICHi9M+F§$0—30IFERR) 
1F(1FERR.E0.0>_eo TO 210* » _*@ wa1TEOy§@260) IFfiRR01CH4n__ 0 

b_0 Q0 FOPMAT§22H'FORF ERRQR r€§HR.1cH=*;¢zI4{§, 

NEB=NAUG/2 0 

‘ 

_ 

“

0 

'7. 
'0 

1!. 

_ . 5,.

0

1 Nt8P1=NEB+J ~ F w- '

¢ 000300 ICH=1qNCHM - 
‘*0

. 

cauuiPsnec(x<1¢1cw>,wEB,r\1»0cH0»Nu0 0U? ~0 '“
. 001290 1=1,~eP1 fly *-0% 0-- _i_ 1'.

; P(I0f€H)=P113ICH)*FLOAF(fiAUG)/FLOAT(NP1$Y ~ 

¢0~r1~uE 
V - FORMAT(/ an SUM-13X¢4E1233) -

0 

- 0-=0,-. -,0 0 
,-_§»_¢ -. .. 

1 
v_ ,5» . 

4;;, 

»2825 
‘.'~ 1_-. 

00041 :0. 
0095 
0096 
0097 
0090 
0099 
0100 
0101 
0102 
9103 
0104 
0105 
0106 
0107 
0108 
,\ 

_ » 

‘,1 
_. 

'. 

0;‘ 

c0&e+xsPE00xt1§3>»x1104J%0£~»C%I»2),u41¢2)¥NB)' CALL X5PEC§X(1§l)aX(1931§N£fi9C(193)0Q0%;§)1MQ@ U CALL»XSPEC(X(1;1)aX(1041?N£bfC{1¢4Y§U(1¢#)QNBY CALL xswEc<x<1,2>,x(1»305uEa,c<1,s),0<1,5),w¢> - 

¢ALL=xsPEq1x<1,2>,x<1,4;s0Ea»c41,e>,0<1,§>,~B) »0 
Z[L;FLOAT(NAUQ)fiFLOAT(NPIS) __H 0 no 2825 1=1,~aP1 

V 

j‘ --l @f * W; - no 2a2s,0=1,e ‘ 0: 
._-.~ 

*c<1,J)=cx1§0>*z1L“‘f 0, 0 Q(I0J)=Q(I0J)*ZTL ' 

CONTINUE 
SuMCl=O.

- --. 1 

>4 1' :‘~ ‘y SuMC2k0;‘ * 

fin
0 

s0~ca=0. ~ * 0»~0~ 00 0 . ., 

-H 9' 
' 

‘- 

SuMCS=0, 
SuMC6=0¢0 0 
SUMQ1#09’ 
5uM02=0;? 

. K4’ 
M v.,n- 0' - 

0,, .0 WM. 
SOM03=00 
SuMQ4=0. 0' M“

t SUMQ5¥0¢ _. T K
" 

$_uMQ‘6_=0 .- . 

00 460 1=1,NBP1 
SUMC1$$UMCk+C(191)~= 
s0Mc2;sumc2+c(1.2> ' 

suMc3:su0c3+c0;,3> %*‘- * 

50~c4=sumc4+c<v,4> A_ #0; . ,_' 
. ~ _.-. ‘

. 

‘ 

- 

, .0 
v>:i='l1- 

_‘ . . . _'> 
. 0 0 - 

- 

. e 
. ', 

. 
‘ ). X. 

. . . 
1 -J‘ -. .; - 

0 . vs 

CALL XSPEC(X(19119X(l92)§0EH9C(1o1@@QjL114QNB) ~: Q 

‘F

I 

@20*%T.~ §»f0= ” ". 00 0 :.~- 
{bi ‘:1. - 

up -I $5 K N '- 

:. ' 3 ‘I 
=_ 2-‘ " k'-Q‘;-. 31 :p~,_. 0 +1 

t 
""' 

, -J.-, "T =-'53}-1%1g§.~: f
" 

v "...s;~ 

\ 0
) 

0=0 ~ --~0 0. - szi-01'.--0 
, . ,.1-6 F 

. 

" 0:‘ *"% " 

U§A§ffF0§i§fi00;§1f4M$0S3$£Z’?INTEsER~00@u0SIiE £013 ?*~PSk02a;?%¥%¥§0AT§ 
H 0, @‘ ., M .“ 

0" f 

iao F0RMAr0V7 Z00 g0§r~: TAP§R APPLIED 1610005 0Q_éAcH_§Eages

x 

. "1"‘.'0_‘ H 7V 

.10 

x\.-= 

t0~rr~0E»‘ » ""1 ,=0 0,.- ~¥ 1;“ 0 0 

A‘ 

N7~%~x Y W \.£'w~*iwP’ *



I

W 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
L~ 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 

9&2 
LN 
LN 

USdSI7F0RTRAN(l.1¥/MS0S'4521 rwrneau uuru SILL = PbR 287 UATf 

"199 
0110 
0111 
0112 
0113 
0114 
0115 
0116 
0111 
0110 
0110 
0120 
0121 
0122 
0123 
0124 
0125 
0120 
0121 
0120 
0120 
0130 
0131 
0132 
0133 
0134 
0135 
0130 
0131 
0130 
0130 
0140 
0141 
0142 
0143 
0144 
0145 
0146 
0147 
0148 
0149 
0150 
0151 
0152 
U153 
0154 
0155 
0156 
0157 
0158 
U159 
0160 
0161 
0162 

400' 

560 
847 

450 

942 

suMC5=SuNc:+c(1,5) 
SUNC6;bUMC6+C(I§6) 
5UMQL=SUM01+Q(Ia1) 
SuMQ2=$uMQ2+Q(1,2) 
SUMQ3=SUM03+Q(I93) 
SuMQ4=5UMQ4+Q(Ia4) 
50MQ5=5uMu:+Q(I»“) 
SuMQ6=5UNQ6+Q(Ipb) 
GuNT1NUE 
SuMC=SUMC1 
SnMQ=SUMQ1 
WnITE(b956U, 
5uMC=SuMC2 
SuMQ=SUMu2 
wN1TE(o,5o0) 
SuMC=SUMC3 
SuMG=SUMQ3_. 
WHITE(6s5b0) 
SuMC=SuMC4 
s0M0=suN04 
NHITE(695§0) 
SUMC=SUMC5.

, 

SuMQ=SUMQS 
WHITE(69560) 
SuMC=SUMC6 ‘ 

SUMQ=SUMQbA _ 

wN1T&<o,5¢0>' 
FuRMAT(/ 45; FAC2=10/‘1q'o 
CONTINUE 
A1=I=1 
AL=NB' - 

1 

1 1 P 

$UM(l)9SUM(¢lo5UM(3)9$UM(4)9$UMC9SUMQ 

SUM(1{0SUM(¢)eSUM(3Y9SUM(#)0$UMC0SUHQ 

SUM(l)oSUM(¢)9SUM(3)o5UM(4)5$UMQq5UMQ 

SUM(1I0SUM(¢)oSUM(3)0SUM(4)aSUMCoSUMu 
1 

' 

‘

- 

_ _ I 

SUM(l)9SUM(4)oSUM(3)9SUM(4)95UMC§SUMQ 

5UM(1)9$UM(¢lgSUM(3)05UM(4)s5UMC9SUMU 
suN,13x,0E14-3) " 

_ 

’ 

_0 _" 
05/1.051002‘ ’

" 

~00 203'I=1»NBP1 »_'
_ 

(1.1)=P<I»1I*FnC2 
P(192)=P(IOZ)*FAC2 
p\193)=P(I93)*FACZ 
P(l9§)=P(1v4)*FAL¢ 
U0 $42 JH=LQb 
C\I9JAY=C(19J 
Q(I9JA)=U(I9J 
CuNTINuE "‘ ' 

IP(I¢GT¢'NB/ 
B=$IN(3,I416% 
A=c0s<s,141e# 
1r<1.E0.1)'B; 
IF(IoEQo1) A: 
Zl=(¢9b*(1¢—A 
Z¢=(1°-.95*A) 
P(I91)=P([sl) 
P\Io2I=P(lo2)*Z2*A2/Z1 /qN¢2 N 

P11,3)=v<1,3r 
p\I94Y=P(194) 
ZP5=LZ*ZZ/L1/ 
DQ12O3'JA=l96 

A)*FAC2 
A)*FAC2* 
01,60 I0 20¢ , 

(A1 _)/AL)
_ 

(AI J/AL)“
A $IN(3.141b/\4.*AL))1 ' ‘ 

cos<3.141e/1».*AL11 . -, 
)*(1;+¢95*A)*(.95*u)#*z)**2+(.95#q#.05)##2 
*#3+(¢9S*B)**2 ’ ‘ 0-‘ 
*z2Nz2/21 /F002 ~

§ 

*72*ZZ/II/FACE 
*{2#l?/Z1/F602 L 

+002. "
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I; S 
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1-1 ;

I 
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,L_~,“01_e>3 
V
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' LN”9164¢.'A¢ ;, Q<IiJA)=u1I,qA>#iP5 ; f 
* 

“ * 
[ . 

~L~ 
LN 0l_66 “ 

- @100 2840 LCH-'>=_1,M(;H *“i*?;i§<_,A__i~'5_¢.=. 

' 

-
' 

LN 0167 = 
' SuM(ICH)=0;" 5, V {VT *:v~ »

A 
‘ LN 0168 D0 2&0 I=1¢NBP1 

_ 

» 
-

; 

0169 _2ao ..SUM(ICh)=SUM(TCH)+P(I9I£h) ' 

OTIO @-@; Ah .wRITE(LPo560) <sum<1cq;,ggH=;,n¢H; 
'0flVl ~~,.” Gy'I0»11s »» 
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0172 V 
- ‘Emu 

_ 

'> .7 ~ 

, _ . 
» 

I ‘ 

. 3 4: § . (A 

LN 
LN 
LN 
LN 

‘ ‘ .‘ .' - 
' 3., " 

USASI F0RfRAw4DIAGM0STIC_RE3QLTS FOfi;F§CRAN ; , 

' 
. M e 

_ 

‘ ‘. _ 

‘ 

4; 7“ 
I 

*1 x 14 J 
. 

' 
- 

,
\ }~-§1_ 1 

. 
. ,,h S ‘ 

I N ,_ 

‘ - 
, 

' 
_ _ 

'~ 

_ _ . . § 
. , 

- ,- 
. * ' 

UNREFERENCED sTAfEME~T LABEL5 * 

-* 00150 ~ 00160‘ 
_ 00165, } oqrso$g 00190Q.@ >_ Agfi 

' 

. 
- - :-. <~ ‘ ' 

, 

4 " 
_ 

,1" . 
- 4. . < 1- I-\ ‘;-.~., . 

I 

i‘ 
1. 9! 

‘ 
gm

l 

1 ,-_ 
., .511, ‘< 

"1 '“ '\ G ‘r 
. _ -4%» 

- Q. ‘- ‘:5?! 
I ‘ 

* 
"2-:1». 

v 
,f 5 1 

‘i 

‘P l 

.. . . .,. 
1’ ‘F l ~ - ‘ 

1 .3! 
> 

' ,' ‘.~ =.; 

1 ‘,.!- ,._:1 ' 

Y '1-',l‘_,_;r 
_ 

'1!‘ -.7 , 
'-"' 

* 
, ~_ ‘,_\‘,. 3 \ 

\+> >|~'-'7(-f-2;’. 
_ 

w v_ .- 
, 
"

_ 

~. . 1, .. 
_ 

» *1‘ ‘ 5* *3, »,_ . 

- -W, - 

rk 
'-:8-‘ .-.-. - 

. .4 _

v 
Y 

_ 
,. 

;; ‘;$__.,__ 

'-. a :\ ._ 1 . 
- ".~ ' » -- 

. _‘ . M 1,3 . 

\ -_ .

1 

‘ ~ ». 
I "‘ 4~ _t 

~12: "m ’ 

, 4.1;‘. ‘.,_- 

._ 

"3 

=* ~ -. 

‘ 

.
1 

I I I "
1 

? ‘ 3 ' 

H , W in 
‘,’ V 2;; ,_, 

b
.

L , . 

. 
- “>13 *

2 ' 

. 
' 

.- ~ >._—,;<-,>: 
, , 

' > p ' --4 ‘-l ‘?":’§-'
1 & . _ . , Q , — " 

-» _1~= 11'. .- 
-I < !- 

' 
" .w>""=».,'&» ‘s - M. » 

. Va» 
L. , 1- "1*=‘i*-.-\_L"'.=..I - 

.?""-1 ’ 
~.~ -v . - 

'32 "Q 
. 

‘ 
¢ . 

~ 8*.» . ..~.=-A ~ F I .~ 

1 1 w x~, ‘ .-.~’~“.- 
\* x ,_ /~ 1, 

in 
2:5?-:3? 1 

-H’:/'°\ 
9 I4 

\ 
\ ,. 

» - 

~ 43' Ea. - 

r 4 
2' V, -Y5

\ 

0165-.5 ¢zp3;¢q~T§NuE"**T"-;_ ‘iu §¢j -“ii? ;- "“ 

. 
- ;_ *~-\_ '.',~-->: 

.,_ _.H<_; , 
~ _.\-- :.. 

_‘ _ ‘_ 
1 

5, 
*1» 

, 

’ 
z a vg, 3 " -- 

’ 
*“-.§.'é;- » .' 4??» 

._ ._! 

‘ _ 

.,,,, 
_‘ 

'¥ 

.é_
2

f .-,

,.



usAs1 FORTRA~(1.1)/M505 4.2 _1wfE6ER wv"U Silt = HDH ea! HAIt 

0001 
0002 
0003 
0004 
0005 
0006 
0007' 
0002 
0000 
0010 
0011 
0012 
0013 

USASI FORTRAN DIAGNOSTIC RE5ULTS F00 AVVAR 

1 -35- 

SuBRUUTINE AVvAR(KsN9AvsVAH) 
- D1MENSl0w A(2) 

AV=0o 
DU 10 L=19N 

10 Av=AV+K(1) 
Av=AV/FLOAT(N) 
vaP=O. 
Du 20 I=1»N 
XK=x(I)~HV 

20 VAR=VAR+AR*XR 
VnR=VAK/FLUAT(N) 

'RuTURN 
END 

NO ERROHS

I

/



u§As1 FORTRAN&1.1)/M505 402 31015050-0000 sizg =-1 "*#?P$Rf201_ DATE 

0001 
0002 
0003 
0004 
0005 
0000 
0001 
0008 
0009 
0000 
0011 
0012 

; ‘n 

\.

1 

‘; SuBROUT[NE TAPER(X»N) 
' DLMENSION x<2) 
-mP;=3;141592e" 

_ 

~
M ,00 so 1=1.~v My ,h v;1 .2“ 

A~e=0FL0Ar<1>J.s»*P1*10$?FL0A1(Na . 

“
‘ 

Ir(ANG»GE.PI) so T0 00 .
» 

FAC=05-°5*CO$(ANG) '. "

V 

, 

X(I)=X(I)*FAC . 

4 x 
0 0_IuP=N-1¢1 A, 0 

'x¢1uP>=x<1uP»*FAc "“ 50 
60 RtTURN 

END 

~ - 
' 

F. 

.

I 
. . ., 

NO ERRORS ' 

#~|

I 

W‘ ‘J 1* 
0 3 ‘ *‘ 

> 0
p

7 
>1 

" 
0 s \ 

~
h 

05051 FOPIRAN 01Aemost;c RESULTS FOH_TAPER “=- Q
* 

‘H4 

‘

0 

= x 

.301, - 

$4 

1 
F _L

K



O LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 
LN 

u9As1 FORTRAN(1.1)/M505 4.2 1~T£6ER wvfln 51ZL = Pan gal nara 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 

USASI FURTRAw D1A6NU5TIC RE$ULTS~FU" Z£FILL 

-_s7 -, 

SUHRQUTINE ZEFILLLKQNRCDQMQNAUG) 
,D1MENS1ON X(2) 0

. 

D0 50 J=1,13 ' 

M=J 
N=2**M 
NHUG=2*N 
If(NAU6-NRCD)%u»flUo70 

50 CvNT1NuE ' 

SIOP ’ 

60 RnTURN _ 

70 IaTART=NHCD+1 
DU 80 1=I5TARTqNAUG 

60 X(I)=0o0 
- RLTUHN 

END 

~0_eRn0~s



usAsi'FoR1RA0x1s1>/M§bs 4.2 INTEGER 0060 SIZE = 0*‘*_*PsR 201 0015 
1-. 

0001 
0002 
£003 
0004 
0005 
0000 
0007 
0000 
0009 
0010 
0011 
0012 
0013 
0010 
0015 
0010 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
002s 
0026 
0027' “ 

0020 
0020 
0030 
0031 
0032 
0033 
00301 1 

0035 
0036 
0031 
0030 
0039 
0040 
0041 ‘ 

0042 
0043 
0044 

.0» 

@~usAs1'F00T0Aw 01A0~0$01c REs0Lré P0§,R0P0RT '1» ’“§% 1 0 

.0. 

- 38-
, 

1 .-1;;/V 
‘ 

_ 
~ . 

I 

1,: 

.,
- 

11 ¢ = SuBROUTINE'RLFQRT (C,M0S01F501FERR)_ 
010505100 c<1),s<1> ‘_ 

1 

f 
i” 

N = 2020 1? __ 4 I, 
.. w 0 

~*IE <1A$s(LE5>,LT,2> CAt§~FORIk1C0fi0§g0oIFERR) 1 

. 
- ' 

. 5. 
- vi 

'1McPLx é-M - 1 " ”1 *§"* 
. IF (IFS) 10945930 , 

,10 
_cF0pJ = 

* _CwN+1). 
L,5C(N02) 

Gll) = 
C(2) = 
GU TO 5 

30 CrACT = 

“ ‘s0"T0 5 

CALL FDRT (C»MCPLX0S0-201FE4R¥“~ 
1.

5 
O
0 

. 
—le° 

._ c120 =1 §;_v(1,__)1{ 
- -cmui) . 

1 1¢g<1)_=»C(1) +,c(w+11 -3' 
f 

1 3
0 

01~051*<1¢0n1-1<0¢(é>» » ~ 

5§(C(1) + CIZYY 0 *’ 

40 CALL FURT (CaMCPLX0S»2vIFERQ) 
‘ 46.RfiTURN 
-so K = N/2 - 1 

. I 

» MSIN =-N/4- 
,;.QAK+3) é *C(K+3) 

“ 00 60 I=3»K02 * 

' '**’ 
Is = <1-1)/2 
10 = MSIN - Is 

01 
J 

I AI 1? C01) 

Sn = s(1s>M ‘ 

§ ¢ = s<1c>#pF0cT~, 
:.. 1 

1' 

J 
I 

, 4: '0 

B1 = C(I*1) 
.- L = N — 

Ba = C(L+
_ 

~ CLI) = 0.5*(A14A2+(81+B2L*¢T-1A1-A2)*ST) 
. C(I*1) 

60 C(L+3) 
1.nuQr= 

I , 

= C(L+2) ' 

» ' 

3% I 

0L5»<e1+B2-<s1+é2>1§1+(A1§§2r0c00 
0.s*<A0»A2-<B1+fi2>*cw0(A1-A2)~sT> 
0¢5*(B2-B1=(B1+$i)*5I-(A1-A2)*CT) 

» IF(IFS+3)90070,90 '0 

10 c<1>=c<1>*2.
I v .' c<~+11=c¢~+1>*2. 

so 0 *c<1>=-c(11~0 ' 

00 - CUNTINUE 
IF (IFS) 45045940 

‘ ‘END - 

NO ERROnS . 

" 
H; 

. \ 
1 _ ‘ 

oak» , 

00 80 I=4§N02 ‘HM 

Y 
I 

- -0 my; ;!- ,_ 1- '0-.0-_.”“*._$_ K 
- 

‘ -.' ‘u.
_ 

‘,':~
. 

\1-. .>-

1 ta 

‘L 
r ¢ ‘Q 

0 
_ 

‘,0 3 
2:5 

_ 

1
z 

is "*1 

1 
' ‘~
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LN 
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LN 
LN 
LN 
LN 
LN 
LN 
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U$ASI FORTRAN(1-1)/MSQS 4.2‘ 11TEGER flvfifi SIZE = 1 PSR 287 UAIf 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
0050 
0051 
0052 
0053 
0054 

5uuR0uT1NE F0mT(g,3,s¢1Fas1FEHR) 
DIMENSION A(1)o 5(1); K(14) 7 

EwUIVALENCE-(K(13)vK1)0(“(12)oK2)§(K(11)9K3)9(K(10rsK4) 
EwUIVALENCL_(K( 9)9K5)o(N( d)9Kb)s(K(7)9Kl)9(K( b)9KB) 
EQUIVALENCE (K( 5)9K9 )910( 4)9K10)9(K(.3)9K11)9(K( 2)»m 
EwUIVALENCE <<< 1>,K13)¢< m(1>,~2) ' 

Ir(M)2»2»3 - 

Ir(M—13) 5o5»2 
IFERR=1 
RnTURN' 
IFERR=0 
N=2**M ' 

Ir( 1AUS(1F$) * 1 ) 2009¢0O910 
1P( N-NP )20920912 .

' 

IrERR=1' ~ 
GU TO 200 
K(1)=2*N- » 

DU 22 L=2oM 
K(L1=K(L-1)/2 " 

Du 24 L=M912 
K\L+1)=2 
IJ“2 
Du 30 J1=29K1,2 
nu 30 J2=J1¢R2,Kl 
no 30 J3=J29fl39K2 
Du 30 J4=J39K4,K3 
Du 30 JS=J4oK5,K4 
Du 30 J6=J59K6qK5 
DU 30 J7=J69“7§Km 
00 so JQ=J7dKR»K1 
Um 30 J9=Jd9099K5 
Du 30 J10=J9,K10,K9 
Du 30 J11=J109K119K10 
DU 30_J12=J119K1H9K11 
Du 30 JI=J12oK139K12 
If(IJ-JI)26930,3q 
T=A(IJ-1 ) , 

A\1J"1)=A(JI-1) 
A\JI-1)=T 
T=A(IJ) . 

A\IJ)=A(JI) 
A\JI)=Tv 
IJ=IJ+2 ' 

Ir(IFS)3292»36 
FN = N . 

LDU 34 I=19N 
A<2*1-1) = A(2#I-1)/FN 
A(2*I)=-A(2*1)/Fm V 

Du 40 1:19N92 
F = A12*1-1) 
a\2*l-1) =T + A(/*1+1) 
A(2*1+1)=T-A(3*I+1) 
T=A(2*I) 
At2*1) ='T + A(2*l+2)
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LN 0000 
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LN 0009 
LN 0069 
LN 0010 
LN 0011 
LN 0012 
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LN 0014 
LN0001s 
LN»0010 
LN 0011 
LN-0078 
LN 0019 
LN 0000 
LN 0091 
LN10082 
LN"0083 
LN 0004 
LN100ss 
LN‘0pa0 
LN 0081 
LN 0008 
LN 0089 
LN 0090 
LN 0091 
LN 0092 
LN 0093 
LN10094 
LN 0095 
LN 0090 
LN 0091 
LN 0098 
LN 0099 
LN 0100 
LN 0101 
LN 0102 
LN 0103 
LNh0104 
LNWQl0S 

“owl ‘I’,
1 

LN~0A07 
LN 0108 

40 

50

N 

60 

~: 

80 

2100 
110 

' 90 

20 
' 130 

.- 401- 

USASI F0NTaAN<1,1>(Ns0s~4¢2” INTEGER 0000 SIZE = 11 ’:APSR'287_ ,%0A1e' 
. 

- 

_ 

~ ~'= -1;: ~ 

1 

' 
0 

" ' 

5. _ 

. _ 

' 
4 

'. - .- -.0 

I-\(2*I"+2)= T -.A(2*I+.2) , Q 
Ir(M-1) 291 ,50

' 

sL1 FUR L=20@ A 

LtxPl=2~ '

1 
LLxP1=21¢<L=11 
L;xP#8 
L¢XP=2**(L+1) 
NPL= 2**MT

_ 

NPL = NP* 2**-L"
_ 

DU 130'L=29M 
DU 80 I=29N29LEXP- 
I1=I + LExP1 
I2=I1+ LEXPI 
I3 =I2+LEXP1 
T=A(I—1) 1 i 
A1131) = T§+A(I2~1) 
A(I?51) = T-A(I2—1) 1 

T =A(I) 
A(I) = T+A(I2) 
A112) = T-A(I2) 
Ti -A(T3) . . 

"

0 

F1 3 A(I3-L) ' *6“ " 

A(I3*I) =.A(I1=1) *-T ' vi 
A(I1_ ) = A(I1 ) 

- TI. 1 

A(IL#1) = A(I1—1) +T 
A(I1)LAh= A(11 ) +TI X 114L-2>‘1200120¢90- , 0 t KLAST=N2-LExP-- »

* 

JJ=NPL' » 

Du 110 J=49LEXP1»Z 
NPJJ=NT-JJ 

.< \» 

\,v 
v\ 

<. A- 

'UR=S(NPJJ) - 

Ul=S(JJ) ~ 

. 

~ 3 = 

ILAST=J+KLAST ' 

W 
‘M 

00 100 I= J9ILAST9LEXP .-’ 
I1=I+LExP1 
IZ=I1+LEXP1 - 

I4=I2°LEKPL. -

, 

T=A(I2-1)*UR-A(I2)*UI W1. 11=A(12»11*u1+A(12)9uR“* W , 1 1 

A112-1)=A(1—1>-T91 A 

A112 ):A(1 1 - TI ' ' 

A\I=1) =A(I-1)+T 
A11) :A(I)+TI ' 

1:-A113-11901-A<13>*uR~" 9 

T1=A(L3-1)#UH-A(13)¢Ul 1 

AfI3w1)=A(I1-1)¥T '
' 

A(I3) =A(I1 )~T1 
A\I1-1)=A(I1"1)+Tv 4 

A(I1) =A(I1)- +TI ~ i@,. "5 
} _ 2 __ 

mix-. 1:: 1-~ 
- 

'~\' 

JJ=JU1yPL- .1 
‘ " 

Ki; Q“: 
Lt'iXP.1'="'2a\_ExP1 . 11.9) 

" '

. 

LLxP.=02*L£xP iv 
91*’-~ 

NHL=NPL/2 - 

-‘ "~ 

. . ,

1 

1 
“ - ,_ . ;_ _ 

,,»_ _ >_ -- 
, 

_} 

‘I ’ 

" 
- 

':§,;9:w‘.‘_'. 
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LN 0135 
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LN 0130 
LN.0139 
LN 0140 
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140 
145 
150 

=l60 
"200 

205
C 

210 
C

C 

220 

230 

240 
250 
260 

1 

. 
- 41 - 

1@(1Fs>14s@2,1 " 

Du 150 I=1qN‘ I 
A\2*I) =4A(2*1) 
G1) TO 1 
Nv=N 
Mr=M 
N1=N/4’ 
Ml=M-2 
Ir(MT) 26092600205 ~3 

THETA=»7853981630 R _ TnETA=PI/2**(L+1) FUR L=1 
JDTEP = NT 
JBTEP = 2**( MT-L+1 ) F0" L=1 
JuIF = NT/2 ' 

JUIF = 2**(MT—L) FOR L=1 
s1001F1 = SIN(THbTA) 
Ir (MT'2)26002?0¢220 
Du 250 L=29MT 
THETA = THETA/2. 
JDTEP2 = JSTEP 
J>TEP = JDIF 
JUIF = JUIF/2 
S<JDIF)=SIN(THET0) 
Ju1=NT-JUIF . 

S\JC1)=CU5(THETA) 
JLAST=NT-JSTEP2 - 

1+(JLAST-JSTEP)2$0o23002§U 
Du 240 J=JSTEP-JLAST¢0STEP ' 

Ju=NT—J 
Ju=J+JD1F - 

S\JD)=S(J)*S(Jc1)+S(JuIFI*>(JC) 
CQNTINUE ‘ 

IF(IF5)20,l»20 
ENU 

USASI FORTRAN DIAGNOSTIC RE5ULTS F0" FORI 

NU ERRORS 

UNREFERLNCED STATCMEWT_LA8ELS 
00060 00140 ' 00160 00210

l



0001 
0002 
0003 

0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
9016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
QOZB 
0029 
0030 
0031 
0032 
0033 
'°‘<>3‘! 

0035 

, 
- ,,. - 42 -- 

usA§1 FORTRAN(L»l)/MSOS'4¢2 INTEGER N050 5125;; 1‘*“j wsfl 231 DATE
W 

_ 

SuBROUTINE PSPEC(A9N9P9M) 
DIMENSION A(2)»P(2) 

V 

,RbAL L, V 

. FN=N
v "FMfiM" 

w=FN/FM 
MH1=M+1 

'_ Du 100 INDL#1oMP1 
_ U=INDL*1 "f- 

XA=AM$K100oQ9W*(L'0o5))“ 
Xh=AMIN1(FN9H*(L+0»5)) 
IxA=XA 
IAA=MAXO(OqIXA) 

, IAAIND=IKA+1 
. 

€1Aa=xB§1~n » 
" ‘I»B=M1~o<1xs,~a - " ;1@e1~o=1xa§1 ~ 

-

* 

‘_F1NI=0o0 1 

7 
Y

1 

0. 1 

'1

) 

'v 

\’

3 

I’.- 

»'*0u 50.IXIND=IXAINUeIKBINU 
_- IA=1XIND'1"

H K,M4n=A<2*Ix1~0¢1> "A 0 ” *s=A<2#1xIN0) ‘ 

\ 1- 
2, AMP=R*R4S§S »~ 

_ 

_.\.; .5 4 

"ml '1 

0 
- 

' 

I V 

IF(Ix¢LE¢IXA+1 .uR¢ 1x,ue.Ixs-1) 60 T0 -F1NT=FINT+AMP 
* Gu T0 50 L_ . 

my - 

- 40, XAA=AMAX1(XA§FLQAT(IX)-09$)-J 
»~@XdB=AM1N1(XB9FLOAT(IX)+0;$) 

0 'n¢Lx=AMAx11o»u»xBu=xAA> 
F1NT=FINT#AMP*DELA . 

50 ¢uNTINUE 0 

W, P(INDL)=FINT*0»5 ~ 

100' CQNTINUE ’+..n£nm~ 1 

END _ 

1 

F 
5.1 '1, 

USASI FORTRAN DIAGNOSTIC RESULTS Fflfi PSPEC

T ANO§ERROnS " 
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0 

f 0 C
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USASI FORTRAN(1.1)/M505 4.2 1015052 0000 SIZE = 1 PSR 201 . 0012‘ 

0001 
0002 
0003 
0004 
0005 
0000 
0001 
0000 
0009 
0010' 
0011 
0012 
0013 
0014 
001s 
0010 
0011 
001a 
0019 
0020 
0021 
0022- 
0023 
9024 
0025 
0020 
0021 
0028 
0020 
0030 
0031' 
0032 40 
0033 ~ 

00344 
0035 
0036 0 
0037 50 
0038 ' 

0039 
0040 100 
0001 
0042 

_ 43 _ 

.SuHROUTINE X$PEC(A9B9N9C9H9M) 
HtAL L

V 01MEN5IO" A(2)aB(2)oC(2)9P(2). 
FN=N - 

"

' 

Fm:M . 

-
' 

H=FN/FM 
Mv1=M+1 ’- 
00 100 INUL=10MP1 
L=INDL-1'

_ XA=AMAXl(0e09W*(L-0.5)) 
Xh=AMIN1(FN0w*(L*005)) 
IA#=XA - 

IAA=MAAO(0sIXA) 
lAAIND=IKA*1 
IRB=xB¢1oO 
IAB=MINO(1KB9N) 
1xbIND=IKH+1

. 

F1NTC=0.0 
FLNTQ=0¢0 0

' 

00 50'Ix1w0=1<01~0,1xB1~u ' 

I&=IXIND-1 
RA=A(2*IXIND-1) ' 

s0=A<2*1xI~0>_ 
.Rm=6(2*IX1ND-1)' 
Sh=B(2*IKIND) 
AMPC=RA*RB+SA*5a

_ 

AMPQ=RA*5B-RB*SA 
IF(IX¢LEeIXA+1 ¢UH¢ IX9bE0IXB'l) GU TO 40 
F1NTC=FINTC+AMPC 
F1NTQ=FINTQ+AMPQ - 

Gm TO 50 ' 

xnA=AMAX1($A,FLUAT([K)'0ob) 
X5B=AMIN1(XBsFLOnT(Ix)+0gb) 
DcLX=AMAx1(0.0»Xma—xAA) 
F1NTC=FI~TC+AMPC*UELX 0

' 

F1NTu=FINTu+AWPQ#UtLX 
CUNTINUE - 

C\INDL)=FINTC*.S 
Q\INDL)=FINTQ*.5 
CUNTINUE 
RcTURN 
ENU

. 

USASI FORTRAm DIAGNOSTIC RESULTS F0" XSPEC 
1

. 

N0 EPQOaS 

001096 MIN
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NAME Output 

DATE 

PURPOSE ~» V - 

Calculates a number of statistical quantities for individual vector series 
and plots coherence and power. 

DESCRIPTION
_ 

Power, co and quadrature spectra are read in and from these the coherence and 
phase are calculated from Polar for each series, and from Nfacts the angle 
of orientation of the vector ellipse for each vector the major and minor a s _ 

, xe 
and the rotary coefficient, RC. These values are printed by frequency interval 
and the X & Y power spectral densities and the coherence between X & Y components 
are plotted on the line printer. 
If RC is less than 0.9 the sum and difference of the angles of orientation are 
calculated. 

AUSAGE A 

INPUT A 

A <OUTPUT < 

Power spectra P 
Cospectra C

, 

Quadrature spectra Q
' 

Rotary coefficients ROT - 

Positive rotary spectra PPP 
Negative rotary spectra PMM 
Difference between angles of orientation is 
Daning a 

Sum of angles of orientation is Sumang 

SUBROUTINES USED ' CALLED BY 
Move (Library) 
Polar, NFACTS 
Kange, KFIX, SGN 

Data l 

STORAGE REQUIREMENTS SOURCE LANGUAGE 
MACHINE 

_ 

PROGRAMMER
' 

REFERENCES 
KANGE converts an angle to range 0-360 

I KFIX converts angle in radians to integer degrees 
SIGN - determines sign of variable
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1 Fu»TRa~(1.1>/~s~5 ¢.2 I~TE6En 1~*u SI/E = 1 PSR 287 DATE 11/1 

PROGRAM UUTPU\ 
cnnmow 
CUMMON 
QuMMON 
(}uMMON 
CUMMUN 
INTEGER PLOILw(luu) 
EuUIVALFNCE(NH,LHG)o(L1*““”l) 
fi1MENS1~N auM(4) ' 

LP=6 
Nuh=4 
InK=0 L 

RLWIND J
V 

BUFFER fN(2q1)(KM1»Q(10L9¢)) 
IF(IFUN{T(£))l¢H?1~l- 
cuNT1wUfi ,

V 

w1ITE(%qTO1)X“l9§“3#LA@ 

;mi9iMK9LflH- §F"5P5R 
nAUG,NHTS " 

FuHMAT(yH1/////.]7H Muuaxww NuuBER$ 9A596H AND 9A89/// 
$5n LAu=.1¢) - 

CALL PULAR(C(1»l)sQ(191)¢F(1al)9P(19Z)sLAG9CU(]91)9PH(191)) 
RtwIND 2 

V

‘ 

»w<ITE(b.6u3) 4 

WK1TE(bv@04) 
CUNTIMQE 
InK=IKh+l 

Ll=LAG+1 
On 2 1=l9Ll 
AL=LAG 
A1=I-1 . 

FKEQ=A1/uL*u.~*F#&PnR 
I%(A1)3~3a4 
ALFREu=n. 
PtRIOD=w» ' 

GU E1 . 

P;RIUD=}¢/FREQ 
ALFREU=ALUd1v(FH5Q) 
If(P(I9l))fi9597 
ALPx=0| 
GL1 Tk) h 
5W=P(1¢l) - 

fiLPX=ALUoiO(Sfi) 
TP(P(l97))799110 
Al..PY:"o 
G0 TU 11 
$A=P(l9?)_ 
ALPf=flLdfilU(€k) V 

J=lKh 
C"(I9J)=CU(I¢J)**? 
CALL'NPflCT5(9(1q1)9P(19Zl9C([0l)9Q(I9l)QAMAJQAMINQAPQAMQTHETAQRCQP 

IPQPM) - 

1r([KK¢L¥.3)PvH(=9LKK)=PF 
[r(IKK»u§¢%)PMM(f9IKK)=HW 

=(;u4b»4)-P(101»»J~C(10196);u(101so),PmM(10l»2)»PPP(101w2) 
upmlNb(]u\)eHUT(au1»Z)o5UMANb(101) 
@uu<101) ,C0(ls1-n)9Pn(1O19b)
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7 

NAME Specpltf 
PURPOSE '" * ‘ 

- - i.
, Determine correlation and phase between two vector series. 

DESCRIPTION 
_

V Reads Co and quadrature spectra for six pairs. Positive and negative rotating 
spectra for each vector, rotary coefficients, difference and sum of angles of 
orientation, calculates in COSPEC positive and negative coherence and phase 
angles. " "

_ 

USAGE” i 

_ 

- 

M A 

Plots on the line printer are made for positive and negative coherence and," 
associated phase angles. A final plot is made the phase angles between' 
vectors based on phase angle between positive correlations\negative correlations, 
the averaged phase angle and its complement

V 

INPUT ' 

a- lourpuyl. 
g

. 

See above 
_ 

Printed output of correlation parameters 
. by frequency band. ,

. 

SUBROUTINES USED » CALLED BY 
C0spect Datal 

STORAGE ' REQUIREM.EN'I‘S ._SOURCE LANGUAGE 
MACHINE ' PROGRAMMER 
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N 
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- Cospec 
_ A 

. _‘ 

PURPOSE R - -- - 
- 

I

» 

Selects a strategy and computes correlations between vectors based on 
rotary coefficients. '

_ 

DESCRIPTION Y
- 

In input argument Pvv is cospectrum of the 2 X components 
Qvv quadrature of the 2 X components 

. and so on. 
Rl, R2 are the rotary coefficient,_SA sum of angles of orientation, Dl 
difference between angles.

l 

USAGE I 

P3, P5 negative rotary spectra 
P4, P6 positive.r0tary spectra 
C2 positive coherency, TP positive phase angle 
Cl negative coherency TM negative phase angle 
P6 phase angle between vectors based on TP

k 

. _ . . 

P 
. A 

INPUT - 

‘ 

_ 

R "UOU.TPUT' 
P5 phase angle between vectors based 
on TM, fing 2, complementary averaged 
angle,'Ang~averaged*angle

Q 

SUBROUTINES USED CALLED-BY”” 
Specplt' - 

STORAGE REQUIREMENTS ' SOURCE LANGUAGE 
MACHINE PROGRAMMER 
REFERENCES .0
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DATE 

NAME DATAl 
_ . 

PURPQSE 
g 

t i..M_,_H_ M .,_L“ m__WW_mm_;_“m_m__;m;;_Mm"MW_W_ 
Reads vector time series and calls total assembled programmes 

DESCRIPTION,’ , 

A» ,- 

_ 

" A 

' A eReads data, X, as two, two component vectorsgchecks for missing data, interpolates 
and writes data onto tape via Speak. ‘Subsequently Calcate, Output and Specplt 

- are called and_the program is completed. ' 

—
r INPUT’ ' 

Y AOUTPUT 
X raw data form two vector time 

_ 

Interpolated data series 
- series. 

SUBROUTINES USED CALLED BY — 

Speak , 

STORAGE REQUIREMENTS H SOURCE LANGUAGE A'; 

MACHINE ' PROGRAMMER - 

Rnrsnnuczs i



.s1 FoRrRAN¢1.1i?Msp$%4§2‘lqaressa #069 $115 = 1 ‘ps9 357 ;». D§TE~h5~i6>é»/11 
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bcL44d~m-&L»n>~<:4>m-<o~u1b¢hdJ»-o~ocn<4o;n:1wru#-o~oo:<iru1»n»n:~<:<>m~<o~¢

0
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-2 
>3 
>4 

if 

81 

1 1 

115

4
2

3 

500 
600 
601 

9001 
9000 

6666 

603 

X _ 
. . 

- 60 - . 

. _ _ _ .,_. 

~ - . 

' 3 . ~,; .. 

’~ 1 
‘ =9. _ 

. ‘_ ‘ v 

. 

' 

- 
, _ -. 1.‘ 

$6 

PROGRAM DATA1 '» 

‘R¢AL'MbbR ‘- 
3, v" 

“* 
5. Y 

.. _ - . 

‘ 
1. $4 ,, (\ 

COMMON xMfl?XM2»L#em»FREP"R' 2 
_ 

q¢§ ,Wq%»‘» “ 

CUMMON»NAUGaNPTS ‘ 
E 

Y» "*1 ~¢- ¢ 
CUMMON x(102e,2q2r 1 
CALL Z£ROV(X§4104) \

* 

CUNV?AIAN(1=y/45¢ ; q; k ReADg5»3g)'yPTs@LAG¢5REPAR ;

“ 

F9RMAI&2%5X§I5%aF1Q.0)@~ V 

“~qLv 
DU . 

-. N N W 
I:-5

_ 

I=I+6' 
V 

,. W 
I 

_ 

V

' 

I3=I¢5 H 
‘ ’“ ;_ , 

-R£Np¢s#soq)@Qua3x,4x<J,1»mw,x<J,2.m1$J#1ax3a E" * = 

ob IT5*u=I»f3 = " 

sw=x4J»1,M) ~» _=* *+- V" $1 ~ 

01R=c0wv@x¢g¢2,M)
; X(J91¢M)5SP§SIN(DIR)4“- ‘ 

X(J92»M)=SB#COS(D1R)
V 

0 5 1 4 ":3 ” 

1+4K¢EQ$0)so To»2 2 

‘ “ 
Gu>10‘A»~ A "~ "* 

1 , 

w~1TE(e,en1> ' 

I=IP5 R V 

WHITE(6¢600)1oMOUR 
xm2=Moonm K’ 1 

‘,
V 

1F;M¢gg,;)eo T0<3 e; ~ ~* 
~ M 

xm1=M0oa” ~ 

NuM=I
_ 

CQNTINUE ~ ‘ 
=»‘ ~

, 

IF(NUM,GI,I)NUM=I . ., 
~ 

W ,

\ 

FORMAT(5X§F1°0¢14XeI1$1X»b(3&1F3%Q@F3§O))__ . 

~ +@@ V -"=‘fz 
AT MOORING “Y' QAB1 **@

L 

FuRMAT(1H%»2SHTo0 MANY DATA pflINTS'm?‘ ' " "** ~ -)A ;" n 
FLLTER FOR UNDEFINED VALP55 av LINEAR-1~reRPuLATl°N M 

KAPPAé0_ "_
, 

PU 9Q°Q“M%¥'2x - 
' 

' ‘L

< 

‘Du;%Q007N§BmZ~ ,- ~#W ;h_-_ , ‘
< 

Du_9000J=I%QUMv “ -M 
A 

1 '* 
» ‘k 

_ kw 
~ 

"i 

1F(x<Jww,M12LE.999a.s>eo 1o.9ooo,1 “I; "\ 
KAPPA=KAPPA+1 Y

» 

Ir((J.LT@NUM)¢ANU»(X(J+1v~4M)»LE=999835))G0 TO 9001] 
X(JoNoMi=X(J=1»NoN)~ " 

- 

' 

_ V 

7 ‘ 

so T0,9o00w, , 

n‘ -*@ ;;. . ‘ L Q m 
X\J9N§M)= (X(J'19N9M)°X(Q*19N9M))/Z5 
'CuNTINU£ ;%$ @'» »= ‘ 

. . 

-‘c _<~< 1 
»~\ ‘ 

HKITE(b9b666)KAPPA , . 

' ;' A 

__ 

A

, 
FURMAT(1H //I4130H DATA POINTS INTERPOLATED w,///I/1 '

. 

~~xs=~uM 2" g 

H W cm 5F’EA.'$<~W> * ' » , Q \ r HHITE(6b603) g 

" -" ~' I ~"@. 
FuRMAT(&H1s8HFINISHEU > v 

wRITE(6,509) ~PT$9LAe»FR;PAR ' 

r~ 

., 

A

s

) \



51 FORTRAN(l¢1)/MSOS 4.2- INTEGER nQ&u SIZE = PSR as? DATE 1n/¢1, 

~lU\U'| 

509 FuRMAT(1X¢2I5,F10¢3) 
STOP 
END A 

_ 51 _ 

USASI FORTRAN DIAGNOSTIC RESuLfS Pow DATA1 

N0 ERRORS

§

4

i
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\5I FUHTHAH(1.1)/M505 4.2 I“ltGER avfln bllfi = 1 PSH PR7 MAIL lfl/Ev/(J 

H S';.JBRUU|4Yl\H"_ ‘SPF/1K(a'~sUM) ‘ 
§? CUMMUN XM19XM¢qL¢6 QFRLFRH 
»3 CuMMON ~Au0,~wrs'A ' 

:4 CuMMUN x(1046,4>~P(101,41‘ 
lb 

‘ CuMMON C(101»6)sw(101eb)vuu1101a2)»PH(101> 
>00 NPTS=NUM ' 

’ ‘ 

>1 NAUG=0 0

0 

10 CALL ZEROV(Po1919) 
>9 REHIND 2 ,» 

; , 
10- ' ‘BUFFER OUT(2g1)(XM1§PH(1Q1)Y 
11 If(IFUNIT(2)Y1»2%1 >0 A 

V 

A A 

12 2 CONTINUE 
13 ENDFILE 2 - 

14 
0 R;wIND 2 _ J,“ .,._. 

15 0 vBuFFER;L@ 4 

’ (XM1@PH(1b1)) -=~ 
l6 

V 

V 

- KANGQIFUN D-3.4‘ -H’U 

H) 

0-1

r 

11* 1 REWIND-21 . 

» 
A ~ ~ * 

[8 ’ RCTURN 
19 END ' 

A _ 

0 -. » ~ 
' 

.-~:~. v :__., s,_... . ~._, ...H 3
r USASI FORTRAN*DIRGNOSTIC0RE§ULTS~FOF SPEAK 0 

N0 ERRORS

1 

10.51 MIN M 

I \ ‘ 
.... x
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DATE 

NAME Salcate 

PURPOSE ' e- he-l 
j 

s

; 

Reads a scalar and a vector time series, removes trends, calculates Fourier 
coefficients, power spectra, and crosspectra. Salcate is main driver routine 
for the spectral computations. ~

' 

DESCRIPTION -
‘ 

USAGE- - 

Note that the other routines, sutput ssecplt are essentially outlined by 
the previous programmes in Data l 

V
_ 

INPUT 
V 

' .' lOUTPUT 
X vector contains a - 

- scalar and vector time series 

SUBROUTINES USED ' 'CALLED BY 
' S Data l 

STORAGE REQUIREMENTS SOURCE LANGUAGE 
MACHINE PROGRAMMER

V 

REFERENCES -



'QTRnm(1-1)/M505 4;? IwTEGER wLR9 SIZE = 1 ‘PSP gqj K §§DAjE » 11/20413 
' 

Y " 
' 

V 

3' ‘ 1*? 
: 

'T>T§i:-'¢\ 
' M“; 

. 
"M 5 ‘

,

f 
- , .. Q .. Q PwUGRAM sALCA{'r¥= ‘

' 

c suALAR'; vEcrop rI~E SER1tS CORRELATIONS 
., 

- 
‘ 

- .". . 
3 - ' >. .'. ‘i "-¢’_..».,_ 1. L ' 

' ,1-1;‘; '3 - -‘ 

~
' 

CnMMON~;M;;XM2,p G :'§FHtHARh%5; 
cumnow NAUG;NPTS" "‘ 

H j 

CnMMON x(102e»3),@<101,31 
cummow c<1u1¢w),:(101»3)»cn(1o1)»Pu(1nI) 
npqINfl 2 

J 

, .

’ 

< BMFFER IN(2§1W(XHlsPH(101)) 
r~<IFgw;T;21x1,z,1 -_ 

? ' ¢~~r1~uE ., f 
.~=, < ~" ‘ 

WH1TE(6,753)N9TS_ 
’753 ¢uRMAT(1H19I5) 

_ _ .”4ITE(b9ZU1)XM19KfidqLAG_ ‘ 

H
7 

101 FnRMAT(IHTY/7//3!7H MOOPLNG NUMBERS” @@Aa,5a 'A~b T¥fi9%Y/7%@v" 

_ 55-

a 
-H -»\ ,.-. 

» 1 

.2 

- : I "' 
- 1

u 

CaLLflSPECTRTNPTS\ ' -" * 
- 

‘ -~*~f” 
1 W -QEHIND 2 - 

» $r0P 
END 

\ :lj:‘ 
‘ 

;»:_¢,, 3 "v:'.g¢ 
_

- 

, ",1 '3 K _ v, , .,. ‘ W c ,, 
‘. _‘ 

L, 41 _,(;>_V' 15:5 ‘ _

K 

P0Qt@A~~DIA6N0SiiCTRE¢ULT§*F0fl“sALCATE 

*~ F QfiwS " 

5¢
\ 

m __ 

K , » 

"Q .» 
\{\ 

'1, 1 z >“§ >61 

1-

x 

' 
,- 

'

1 

V

i
-

s

\ 

r _.>r.L 
,, ~ ‘. ‘ 

J‘ 
..= . 

I 

‘ 
Q -’ 1

n 

»~ "' ' 

Kw 1. J1-._,,_ .

S 
. '1 

*2: 1 

v 
' 

J.‘ 

, ,4 ,.- _ 

1-» 

j‘ ~.

r



E FORTRAN DI 

BED Sr¢TEM&N¥RQ§BEE§f%*%§§*1‘ >~<,

. 

I, .‘.,, . A . ~ »
. 

\ 

w ;‘r V. f » :;~ | _ 

.._ 4 ., . 
,_ -._~1_ ' -w \~ 1 /Vq; ~ w 

' ' - ' 

*".%.,,§- =~.-: Y 
. 

7 _ 

QIIBROUTINE SpF.CT'I5‘(NU.i~/1)" 
__

1 

.¢9”MQ§;*¥l9K%2»L@5j" §FF¢P4R 
, 

.. .%} 
Cf) ( ( '53’ 

V 

~.V .~j_.~_ 

' »cuMMoN¥c110T@§$»~¢16¥@3>,Cu<101r¢PHi1on¢;‘ 
w~ITE(6,6699)XM1,XM2 ' 

- 66-‘ 
A 

< ,W 1
T 

Vaaq» FURMAT(1H19///5X.A3a5X¢A¢/////1 R‘ v * 

.'\l(“.H=3 ' 
‘ 

A" 

1 If-€K_AIvP=()___ , 

' 

'" ~
. 

800 - 

I ; I H V ,",$ ,W%@@ 
C11 LL ‘F5-CRA N 9 NUW’ 9 EA GWP ii} U V9 PH 9’"Il5'K~‘I P 9 NC Q) 
QFWIND 3 _ 

_ ~ ». 
RnFFERwOUT(2»1)(zMl»PH(1U1)) ' 

‘IF(IFUNIT(2))9n1;902§901 
90?" EMDEILE 2 »=»fM;§V q ~" W 

' 

- QFWIND zV_ _ ; 
901 'Q§TuRNV.1 "

1 
€u0 V V 

\ \ 

V ~ _ 
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Y
\ 
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V V
‘

D Vm iz 
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. P 
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'<- 
, 
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, _ x ---we - an V . 

41 F'i'>l$l‘|r<$_
H 

' 
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. . . ; .. 

V ‘ V‘ 
‘- 

+ 1 ~ » 51 1,- 
.V V»! 

l - 

> ,-I344 .'~.;,w;. .- s,
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' 
V ‘; 
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-: 
' 

‘ 
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4
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, 

\ 
‘""1%.* ."-I11=§-q w * 1 1 

I -. 5»-3‘ ' 

L - 
- V" J 

LV V. 
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V. v 
" 

.1. » _, ~. ‘-:.‘,;‘3',;}' 5‘ _‘ L»! _‘| A a--we‘,-.‘.-V 
., ;._

K 
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'

< 

, 
-. 

'“;V‘:--' '- -*.‘,"“,”- - 

,
* 
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N p rg ,_ 
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X 
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_ 
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: V x , 
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‘ V 
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.4 
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, 
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, 
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\ 
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'7 
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.4 ‘A 

7. . 
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_l‘, 

M 
‘I 
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. 
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. 
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._ »:.- -. V; 5; _- 

- . -Y . 1 ~>=- " mV=-~- I J ¢ : 
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-~ 
,1 
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PRHGRAM SSEQPLI‘ 
_ 

*. ' "~.
H 

scnggn SEPIES'CORRELATIONS
0 CuMMON~XMl§fiM2§LAG §FREPAF ~ 

_ 

‘ .w 
CuMMON*NAUG3NPTS _ @ yv “’ 

_ Y * Q 
common P1r01»31»c(101¢3),Q(10193>¢PMM(101>@PPP(101)-=» 
CHMMON DANING(101)oSUMANG(1fl1) " 

CHMMON FRQ(101) ’__ “'" 
IwfFGER PLOTLN(l02) - 

QHWIND 2 A -» L 

BUFFER IflI2§1)(XM1,NPTS)’,‘ 1- 
aUrrERi1v<2,1>€P(1 »1),0(l01§3) o 
HUFFER INl2¢1)(PMM(1)9SUM§NG(101)) 
IF(IFUNIT(2))192o1 
WwlTE(696U0) 

_ 
. . 

. 

'

k FOHMAT(¥H1o6HERROH )
' 

grow ‘L *f‘]
. 

CONTINUE n ' 

_ 
" _' ~ * “ 

~»1TE<e;7n1>xw1;xw2,LA6‘ , 
_ 

V 

.

~ 

FflHMAT(1Hf/////o17H MO0RING_NUMBERS ,As»eH -AND ,,Ae,/// 
$5M LAG=@I4) ' 

_ 

.‘ ' 

LJ=LA6fl .@. 
_ 

- M Q 
4 

"* *¢
. 

CAEL Zgn0v(gRu,1o1)- 
fin K I=IoL1“ - 

Iscr.EQ.1>G0 In 123. ' 

A=FLUAT(I—1)/FLOA1(LA6)*.5*FREPAR 
F'{N_(I)=‘1o/"A~ 

I 

I 

_
_ CHNTINUE1.N ' “ 

A 

' A- ‘= ._ 1; h, 
_ _ _ Cull CO$PEC(C(Y91)oQ(Io3)qC(Io3)9Q(I91)QTPPQTMMQDTVPPP(I)9PMM(I)$ 

@HuNINb(I)»P(Is1)¢P(I92)¢P(I»3)sC(Io2)»5UMflNG(I)) 
FuHMAT(1H+¢I3-2X~Fb§2) 
¢=1_1-, V 

walTE(6e700)KsFRQ(I) 
CONTINUE 1 
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j 
’

“ 

FqyMAT(Lh1)-;~.- , 

__ . 
_ ._ . ,, wQ1TE(6,5501) V “ T“ 

_ 

‘ ’ 

A 

“' ,_v"g- ~, 
NHITE(69113) - * ' 

» » - 

" * 
FnRMAT(1K 94H5ANDslX96HPERI0Do2X93H0o092lX93HO¢592lX93Hlg091X94H513092OX93 
1an~?0x»3H0»0,2ox@3n180> < 

~ 
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, . 

no 15 I=1;L1 .Hh - 

CALL BLANKV(PLfiTLN(l)Ql02) ‘ 

JK=9(Iw1)*50.+.5001 
,

1 

“Ir¢JK.LE.§0.A~n.JK.GE.1>PLo1LN<JK)=1H~ 
JK=9(Lq3)*50¢+¢€nH1 " 

IFlJK;LE¢50.AHU¢JK¢GEq1IPLUTLN(JK)=1H—W_ 1“ PLUTLN(51J=1H*M - 

; 

"‘ 
W ql JK= P(I»2)*25./1R0.+77.5n01 =*~ ‘ >“EW*[ 

PLnTLN(77)=lHé ' 

"- 

, V

- 

TF(JK,LE.102.ANU,JK.GE.51)PLOILN(JK):1H¢ 
JK=C(I,2)"25»/180.+77¢S 
Tr<JK.LE.102.A~0.JK.eE.51aPL01LN(JK)=1H- 
wu1rE<6.1o00)1»Fa‘u<1>,Pg0TL~ ‘ ' 

F""MAT(1X@I4?2X»F7»1»1X»15*»102A1~1H*) 
CONTINUE ' I -
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wwlTE(6,5501)A“* ’ 
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M~ITE(h91193~ ~ > 
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I 

” *1 *1 
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‘ " 

CwLL BLpNKv(PLOTLN(1)w192) 
JK=PPP(I )*So./iB0.+5o.5 1

' 

. PvOTLN(76)¢§H. ' 

3

. 

4 PLQTLN(26)=lfi~ Q A '1 
¢ ; 

1" ‘ 

‘a PLOTUN¢51r=}H; - 

. £1 3- m rF\4K.LE.101,AmD¢JK.GE@11DLOTLN(dK)=1H+ 
Jn=PMM(I- >*5o.21ao.+5o°=:14 

‘ If§JK@LEq101.AND¢JK.GE»1)PL0TLN(JK)=1H? 
JK= A50»/1an. ~*c¢1,1> +50.sq1Mfi 
.1g§JK,L£a101°§Qp.JK»§E-1)PLn1g§(JK):1HC Y 
'JK= 350./Ian. " =»-*@cq~a»~‘ §so;so1 " ' ° 

IF(JK.LE=101,ANBzJK,GE¢l)PLOTLN(JKT=IHAr ' 

wQ|TE(691000)T¢FR Q(I)¢PLOTLN = 

15 cu~TINUE “ 
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HFmIND 2 . 

4 
r=nTO3 " 
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‘ cos¢=F.cu>uu.0u\.11»Puv1,ouu,TPP,TMM.0T.Pe,P.s.011;c2.TP,¢~1s
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=25 
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~". 
‘ 

_ 
- 39- 

1r»-§A>._... *

f P1=c2*.s -_~.A< 
C=1R0./3q1§1592b5 
onvxPi;5*(PUU&0uVl)»- 
QnPXP=,5*(RyV1—QUU) 
QAMXM=.59(PUV1+OHU) 
PAMXM?¢S*(PUU+QUV1) 

_

‘ 

TPP:§ATAN2(QXPXP9PXPXP) '

, 

TwM= ATANB(-QXMXMoPXMXM)*(r1o) 
fi#=0XPXD ' 

UI=QXMXM
1 

Pl=PXMXMA 
wg:pxPxP 1 ‘Q ‘M 

1. 
- ~ --< - 

. 

-I- 
, -1 Q9TQAM(1.l)/MSQS 4.2 “INTEGER QORD SIZE = 1 PSR 2B7~~ 
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'DflTE V7 QQZZ6/73 
\ , _
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\ I
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7\ 
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I‘ 
F

,

» 

Y
\ 

., M . 
=-1' *» w 

‘ ». .
» 

c1=4R1*¢1¢0L*éh)1<Pz§P5>B; ? 

‘ <» W 
-Ca=lE23P2%0g@Q2Y/1P7§P60;¢ 

A I 
' .'* 

Awfi=+.5#ATAN21Q2*P1—Q1*P2aPl*P2+Q2*Q1)*C 
T~=G*TMM» ~ 

_ L“
_ T~=C*TPP '

M 
Tu=1rP@p1)$@~; @;qW{w ‘H 
Tu=¢Q141Mf?' ‘ 

,J; 
‘ "~; 

TF(ANG.LT§0,)'AMG2=ANG+180a 
PHU=ANG ' '~ 
QuV1=AN§2L :- A

’ 

~w 
P5=T0 ;"A;?,@ _> - w. Q 

I¢&TL.6flvEBfl.{P6=TL~360- V 

T*(TL0LTQ'18Oo)P6=TL*360o 
IF(T0@GT.18O¢lP5=T0-360» V. 

IF(TQdLTgfI80q)P5:TOf§60q H _4A : §~l 
WHLIEfl69§U$lC2§IP9C1oTM9D5pF59ANG2oANG 
F“HMAT§1H 9l1§.. fl!‘~ 4 ‘ L? 

2 " “R “$@H€++=&F5.2§2X§8HTHEfiA++=v?6.1o2X»¢MC*#éqF5¢2%?X$8HfHET " ' 

IA--=¢F6,19ZX¢6HAN5+=.F6.1,5HANG—=¢F6.1»2Xs10HC0MPL.AN§=»F6.1¢]X, 
24HANG=9F6=1) 
Q&1HRN'v 

, x@ 
-

_ rwfi w 
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I

1 

MTFMENT~LAHELS ‘

3

1

1 

-.- v _- \'.’ 

I 

‘ 

‘I
‘1 1 v A 

’ I1 ,1?(ANG¢GT{b.)ANG2=ANG3180@» * 

‘” Q‘ 

:., 

n F‘ 
e ~. 
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URTRAu(1»l)/MSOS 4;?‘ INTEGER NQRD'SIZE = 1 X "P59 237 ~ ¢g5jé~~ 1@g2§4§§ 
Q Q ‘ ‘ 

- 1 W , _

I 

. V, . ~ _;- - ..>~,_~, ' 1 \ -\~ . 

c SCALAR ~;VECTOR-TIME“SERIES'CORRELATIONS¢ ‘» _"m __ . 
_ ,_ V, , _ ~ 

° ‘ A;;@ -mg! 
DFAL=MOOR *"" - 

V 
‘.-» ~ ‘m, > ~ 

, 
COMMON.XM1wXM2»LAG_9FREPAR Av 

" " 

¢~mM0N'~Aus,~PTs 
cwwmow x11o2e.3$* 
CUMPLEX I9U;V9M19fi2 9W39W4 
,P[=351415»,,, =§ ff , 

W . %; 
'»cn~v=ATAN(I;7/45, “ 

' ' “w 

~ ~-;\_
V
I
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I
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.-.-,_ . : 

@ ¢‘ 
" ‘*.- :,. 3‘ 
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\ 

‘Y 
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., 
‘ N) W 

. 
P1-_<UGRAM'SDAT/-\1. » 

' 

» r 
* .

K 

4
( 

@~ T *, yx“ *
W REhD&5381)’NRTS@EAG9FREPARJ~w 7* 

a1 'Fu~MAx<2<5x§Isa»F1omoa 
_ 

¢»A ~ ~ t 

I=(1MPLX(0,.=a.1-) 
|~, w%=CEXP(I*CONV*B7@3)
, 

w¢=cExR;’§gcQ~v*7n.)_ ;f_ P~1=,12o°wco~v. @»" "=~@;* “ ‘ 

.¢ ,¢
~ 

.. 
I,‘ _ 

~ ‘-hi. s_-1,” 1%,; _'» 
\ 

‘ 
.1 

“J5 E 5 8 

L A 
'-»-“C: 

-ii;-_ _ 

‘ u 
‘ ‘V 

1 H -F 

wr=cExP<I*coNv#75.5¢(-1G) 
; 

> A I f 
Prw-=C0N\!*_*130@A " 

.
. 

"T4=FLOAT(]*¢)*PI*¢l= ‘

» A P ~ 1,. 
.-, _‘-1. 

~. T3=§gOAI(6*J)“PIf§1 *
* 

Tl=FL0AT43*J)*PI§w1-~< ¢ & 
T#FFEO§I(8*J)*PI§=1,_ 
T2=FLOATd5*Jt*@I*¢1=~- 
u=1,0*coS(T)+1*SIw(T) 

.->_ .». 

| . 

u=U4(1.*COS(T2\-I*5IN(T2))*"3 - 

4u=y+(1.*C0SjT3)+I*$IN(T3)1*W4 F» 

u=H+(1§§§QS4{§);I*5IN(T6)K#§4,_,@ _¢- u=u4(5.¢c0S1T1§PH4)>I*sI~YTI#PH4}»#w1 

5

" 
H=U+-1*FANDNO(O)*CMPLX(1¢s0o3 

.—.~ ‘ 

\ . . 

1 K *' 

1‘ - 

‘ 

' 

.'w§~ =~ -¢ 

v=1.4*cos(T-PH2>' ‘ 

~ M 

flU=1‘J=151U2¢ “ " »»¢ ." T“” %v A"‘ ”*'“”“~ '%“ 
.

“ 

A >4 

F
U 

_ . 

» *‘='- —=§¢°A=- 1; -. ;~:,\»\--5-\;" 
_ -r_{W‘g‘?~gr;e~_‘,‘,-, ;»» -\~.'-- <1. 

2 
* * M ‘Q w & 

--‘*" wwM- = 
. L‘ v1 “La .flm.»%w\txW“. ‘ "T=FLOfiJ(é*fif§Piig1 < 
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J 
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S» A .. :9 3:, z Q .~ 
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.=::4~Q 

u=H+§I;wCOS1T4~P§3)~&#SIQ(E4~PH311*wI<@ D 1 “*w% “‘%§ 
~ 

. ..~,. 
2"--' 

1. 

v=v+2.*cos<11> 
, 

‘ *'
, ' v=v+2%*c0s<16+pH1> '

q 

"- V=V+§¢§#C0$(T4y~fi@ ~_ m 
v=v¢3€*C0§ff2=wH3) " -‘ 

' v=v+¢1»RA~DNQ109&cMPLX(0@¢1@> 
, 

- v=v+.1#RANDNO{5)*CMPLX(1.90.) 
1 

YlJo2)‘f'R_EI3\L(\._> 
_ 

-‘ 

- X!J13)=fiPMfl@(H) "
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: 

H H 
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$wnQOUTINE §PEAK(mUM) H 

CUMMON xM1,xM?,LAa ' ,FREPAR 
CHMMQN NAUGQNPTS. - - 

_ 

“V 
CHMMON X(l026g3)sP(]0193)> ' '-* 
CHMMQN C(1Q193)qQ(l0193)9CO(I01FaPH(l0I) 
WvT$=NUM 

_ 

. 
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'
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V 

CAL£ N wewv~os2' 
_ W 

,
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%dFFE3 ou1(z,1S1xm1,PHt101)>;‘* 
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> ; cnwrxmuz - 

ENUFILE 2 _ 
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; RP~IN0_2 
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* 
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