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INTRODUCTiON :

| ’Recent attemp£s to verify a variety of numerical hydrédynahica]
models using field data haVe ihdicated the'heed for a method of determining
the phase re]ationshipg betwéen pairs of vectdr time series and between
vector and scalar time series. The input or forcing function applied to the
numericaT:modeT'consists of number vector time series such as pressure
gradiénts and surface wind stresses while the output of models. consists of |
scaiars such as water level and temperatufe as well as vector series.
'Typically, vector output of models are horizonta] transports and currents at
varfdus‘déptth In verification analysiS'it is,deéirab]e to compare either
the outpdt of models with field data 6rito'determine the phase re1qtiqn$hip$ befween
field déta at various points for1COmbérison'with'the predicted phase ré]atiénships.
The approgch used is tb decbmpésglthe variance of the vector time series into a
_number of ffequency bands and.to determine the phase fe]ationships in a | ‘
band between variables uéing the concepts of spectral and cross-spectral analysis.
(Jenkins and_watts; 1968). ‘Morepver, all expressions aré deve]oped in terms of

familiar spectral and cross-spectral quantities.

I. THEORY OF COMPLEX TIME SERIES

A..fAnaIysis,of'a»single,vectof time series

° i

'Considéf a veétor time series consisting .of two osci]latory componéhts, |
Uand V, of frequenéy, é, where U is the component on the east-west direction and

V is the component in the north-south direction.

u a1.c036t + b]'sinot

- v

”az,COSOt_ + b2_sihot



“Let: the comp1ex time ser1es w be defined:

=
Il

U + 1V

tv_hen'v. =12 [(a] + bz) + 1(a2 - b.‘)]ewt

+

1/2.[(a1 F_bz) + i(a2_+-p])]e'

since from-comp1ex variab]e theory e1°t“CoSot +isinot.

It is ev1dent that w may be cons1dered as be1ng composed of a

pos1t1ve1y rotat1ng frequency component

.’1/‘2' [fs, + b)) + iy = b1 = AT

and a %hegetive]y'irotating freqoencychmponent

, '|»/2' [(a abé)+1(az+b])]= IA'-',Ie'ic:-
.,wnere, |A+|_ = ( [a + b2] + [a2 - 'b_]]-z)lc/'z‘
where , 4 ;
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tan™! ( (a, - b1)/(§1_+_Pé) )




Now.w‘méy be writtén as -

_'A+léi(ot+«f)_+ 'A;lei(oifaf)?

" |
W= e[.iizi;g_:ilj 1A+|ei(°t+1/2(“+ = <))+ pmpenilot + 1/72(=* - «7))
Now'ifvw] is W rotated thrbugh an angle of (d+ + « )/2 then

W (AT AT]) cos (ot + 1/2(sF - o))

;i(lA+I - LA'[) §ih-[6t + 1/2(«+.4 7))

o+

Maj cos (ot +1/2(< - & )J

B

i'Minisin'[ct-+ 1/72(<" - d')]

which is the equation of an ellipse
with major axis IA+I + [A7]

and minor axis ' 1|A+1 - |A7]

- Now -the spectra] equ1va]ents of these quant1t1es will be found

Let Pu = (a]2 + by )/2 » where Pu is the power spectra]
: ' dens1ty of the u component .
Pv = (a22 + b2 )/2 » where Pv is the v component

~ power spectral density

Puy‘=£(a]a2 + b]bz)/2 » where Puv is the'cdSpectrum

and - Quv = (a.l o ‘3 b])/2 , where Quv is the quadrature
spectrum



:'~Then‘by‘SUbétitution<
V/2(2pu + 2Py + aquv)1/2
yi/e

. ’

Vr—'(PU + Pv + Zqu

———r(ZPuv +-2Pv -'4qu- e_‘)1/2
1/2

IN

;7_ (Pu + Py - 2qu)

The_majdr axis is AT+ IA'L

~and minor axis is  [AT| - |AT]

The éng]e»bf{ihclination of the semi-major axis to the x axis is

,e - (m+ + aﬁ)/zvv | ‘ - . ) o

N tan af + tan « |

1 - tan «* tan o o
bp) * (a) - by) (ap - by)

bz) = (32 + b]) (32 - b])

R o
=1}
.3
o
@

1}

tanf(m+.+ &f) =

+

(62‘+'bi) (a].
ey '.béff(él'

"

+

-=“(2 22 + 2 yp )/(a] R A )]

2 Puv/(Pu - Pv)
6 =1/2 arctan [‘2 Puv/(Pu - Pv)]

"InJadditfon-to the major and minor_aXis_and'the inclination of the major axis

_enothef useful qUantity whiéh may be defined is the rotary coefficient,

.1 2; : ' .
IA |2 IA | - Pu + Pv

' _ , S ".wh1ch represents c1rcu1ar1y pol amzed mot1on in the clockwise sense for a val ue O ,

of +1, in the counterc]ockw1se sense for -] and rect111near motion if 1t 1s zero.



© B. Analysis of a pair of vector-tfme series

v mSince'the absolute phase angle, ]/2(«* - é') canndt be'expressed'jn

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

the phase differences between two vectors. Consider a vector W as a reference

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

unknown.

Lt U(t) = (u(t), v(t))

where u is the east component of

and w'(;) = (u-(t), v-(t)) ve]ocity; v is the north component

of velocity of W(t)..

| Define the fo]waing co-spectral quantities between u, v,

‘u” and v~

"

| 2 Puu-

2 va‘ =

2 Puv- .

: 12 Pvu-

3127 + byb,”

azaz‘ + b2b2‘

4

a

2

',+“bb -
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.a]‘a2 + b]'bz !

which are generalizations of the previously defined quantity Puv, and

the quadrature components from Quv are:

2 Quu”

2 Quv- =

. 2 Quv-~

2 Quu-

_a]'
)
4

3

b
b
b

b

1

2

2

1

-

-

»

-

_a]‘b]

a,7b, .

“b.

o 2

‘a, ‘b
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3fhe.po§iti9ehand negatiye rotating components of W and W' are

v

V/20(aq ¥ by) + (2, - b))

W

| | ‘1/2{(a] - b,) + 1(32 + b))}
and - We V2t(aym #by7) + (2" - b))
w'{=“1/2{(a]f_i'b27) +i(a,” + b))

]
i
t

'A1ternat1ve1y, since.
S 16[[A [e1(°t + ¢) N IA Ie -i(ot + ¢)]

and w71=‘eie*h[1A_ letlet + 07 4 17 (ot + 6 )f

f -the cross gpect?ﬂm:bétﬁéen the positi9e1y rotating cbmponents of W and w) may

be‘defined as- W Wt > where * aenotes the cOmpiex conjugate.

ot w+*; = |af ||A | 1(°t + ¢) - (ot + ¢ ) RIGEN. 9 |

et iQw+w+'
+ + 7 o+
= |A,1_|A €

Now the phase ¢ between the pos1t1ve1y rotating components is

++

+ o+
i )

arctan(Qw W “ /PwwW

X

6 -0 +o-¢

jthe phase d1fference (6 = ¢~ ) “between the two vectors, is then ¢++

-(é.-‘e')n

and the degree to wh1ch these components are correlated is given by the coherency

. ' X ’
" squared '

++ 2+ +°

T = (Pww Zetwt ) wtt Pt W)




where}f 'VPw+wfa_;;1/2(Pu + Pv + 2Quv) .
oW = z2(pu T ey s 2u )

and.by using the previbusly‘defined spectra].quantities.‘

Pwiwt” 1/2(Puu‘ + Pwv - Qvu’ + qu‘)

L T
Qw w

1/2(Puv‘ - Pvui-y vi‘ - Quu,)
: . ' o . 4o ,
Now if it turns out that the two components |A+] and |A" | are zero or small
then the vector process wil]jbé.described,principally,by |A‘],and [A-T

In this case the phase difference ¢~ between the two negatively

‘rotating components is

.

: arctan(Qw'w'?/Pw’w' )

©
1]

i

(6-06)+e-8

resulting in the phase difference between the vectors

-
-

$-9 =6-6 -0

As before the coherency squared between the negatively rotating

components is

4 .

c_;_ . F",ZWTW""'Z“ 4%
R e

where ~ Pww =1/2(Pu + Pv - 2Quv)

R W = /2P + Py - 2quy)

L
El L
=

"

- 1/2(Pvu” - Puv’ - Qv - Quu) -

o
=

1
=
"



If a vector series is composed almost.equally of positively and - @
negatively rotating components, the phase difference may also be computed

" by averaging ¢++ and ¢

- 07= 172067 = ¢7)

Qww /Pw W

-

- - . ++7 0+ +
or ¢ - ¢7 = #m+ 1/2 arctan D /Paw

+ +- -
1T+ Qww _ Qw w

+ + -
Pw w Pw w

Note thatvthe‘averaging pﬁocess'introduces an ambiguity of #m

into the computation of phase angle. |
‘Another case which arises in practice occurs when |A” | and |A+'J
' o : N e e w o + -
are small or zero. In this case it is necessary to compute <W W >

-

R TLETINN

1] AT el ) - ilat + ) ite + 6 )

-~ -

+ - I
Pww - iQww

-

INEEE Y.

The phase difference between the two components is

ot élarctan (Qw*w_f/owW7‘) - | .

and the phasé difference between the fwo‘series is

¢ ) ,¢ . -(e ‘e a) + ¢+- .

as.before o, s
' . . . + _A‘. + _.f . - :1
e PPww + Qww
e fEE 2 MY
Pt P W
" where oww—’ _: ]/2('P.uu" - P\_/y‘, - qu" - Q'Ivu‘_)




&mﬁh" = 1/2(Puv. + Pvu + Quu. thVV')'

and Pw'w'  and PW"w’ are'deffned above

As the finaTycase, consider the cross correTatibn of W and W~

| <W7W*‘>
B <~W’*‘wf"é 1A'||A*‘1e"'(°t'+¢5 +"'<°t, ORICERY

='pwfw+’ - iQw'w+'

- WIAY] T

The phase d1fference between W and w + 15'¢;+-=~érctan
(Qww/pwwhy

| ‘and'the‘phase.difference befween fhe two series is ¢ - ¢ .

¢ -9 =86+e" -4"¢'+ | '

F'ir:ia‘lﬂy ¢t - ,(Pzw'w , Qz_wrw y : o |
: | Pww P w+ : _

_where P W' =1/2(Puu - va + qu + Qvu )

-

' _+ » - _a) ',"’
and. Qww - =1/2(Puv + Pvu - Qiu + Quv ).
As Was}computedefor the case of cprre]étion'between either the
positive‘or the negative components an average phase difference may be computed .

based on the above expression

6 -8 =1/2(6" Soh
- +7 - =] . : : :
= 1/2 arctan - Qw W /PW W '_Qz‘w [Pww o, |
| 1 QW W__Quw .

Pw W Pw w
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| In summary, two poss1b1e strateg1es are ev1dent for comput1ng the - . | ‘I'
' phase d1fference between vectors one.is from formulae deve]oped for the
corre1at1on_of rotat1ng components of the same sign and the other is based on
correlation ot,opposite sign. In practice the first procedure is adopted if
the signs of the rotary coefficients are equal whi]e the second if'the signs
.of the rotary coeff1c1ents in each of the two vector ser1es are oppos1te dnce
a strategy is adopted two coherences and six ang]es are computed the ang]es
between ‘the two rotating components, the est1mated phase d1fference between . the
_ two series based on the ang]e between pos1t1ve components and the angles of
orientation, the estimated phase d1fference between the two series based . -on the
ang{e between the negat1ve component and the ang]es of orientation, the estimated
- phase ang]es between the ser1es w1thout 1nformat1on on the ang]es of or1entat1on
.and the comp]ement of the 1ast angle listed. wh1chxof these angles to use -depends
on ‘the, part1cu1ar c1rcumstances ' |

If the two coherences listed are above the 1eve1 of significance then
'the.aVerage.Vaiue<wou1d be'most‘appropriate:since,it does not re]y dpon the |
estimates of anQ]es-of-orientation. Unfortunate]y, since there is an ambfguity
of 4 180 it is:necessary to compare the averaged values with the individual
~ values 1in order_to select the appropriate angje. If only one of the coherences o
‘1s above the 1eVe1 of statistica] significance then it is appropriate to select
‘the assoc1ated dindividual phase estimate and to- 1gnore the averaged values.

| The case of purely c1rcu1ar1y po]arwzed mot1on presents a special -

Vcase ‘Since the angle of or1entat1on of- the major axis of the vector e111pse

,has no mean1ng in the instance of circularly polarized mot1on the phase difference

,v1s given by the phase angles between the 1nd1v1dua1 rotary components. The




.ayéréged‘ang]es-ére.Of limited usefulness in this cdse since for circu]arTy
po]arized motion-on1y one of ¢ or C";can.be significant.
C. Test Cases

| Two e*amples'are provided to i]lusfrate the above concepts; Consider

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

six sinusoidal fluctuations of differing frequencies,>f], f2’ —~——— f6
U = Real W
V = Imag W
U1= Real W~
V1='Imag Wf’
where  o |
L Bandnm Mot L R 11.187.3
W = Random Noise + (2 cos (f]t) + i sin (f]t))e

+.(1.4 cos (fyt - 1617) - .71 sin (f,t - 151))e 55

ot -
v : ' . °
+ (3 cos(fyt - 172°) + isin (£t - 172))e” 175
+ 4 cos (f4t +120° )
(4 2 cos (f t) - isin (f t))e'jsé ,
| -165°
+ cos(fst - 120 ) - 2 isin (f t - 120))e o
) [+
W = Random Noise +.(5. cos(fit-+m1§0 ) - isin(f1t + 130'))e']70‘5
.o ) . ’ e o
+ (3 cos(f,t) + 1sin(f2t))e‘170f5

+ (3 cos(fyt) - isin(f,t))eti®-3

T _ o

+ (9 cos(fyt) + isin(f,t))e! 70"

. . . . - K ) ‘ . °
+ (3 cos(ft-172°) - isin(fgt-172))e 770
~+ (9 cos{fgt) - isin(fgt))e’”
The random noise component is added to simulate the background

" noise present in geophysical data series.
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The output of the spectral computat1ons by the programme presented
in Append1x I for the g1ven input vector ser1es 1s listed in Table 1A.

Since nearly: c1rcu1ar1y po1ar1zed vectors are frequently encountered
- in the,ahalysis of lake data an exampIe'of this type is included.
| W = random noise +(cos (f]t) + isin (f]t'))eiw"3°
| + (J(eos (f2t - 1519); %sin (fzt - 15f)&§155
+ (cos (f5t - 172°)+ isin 1 (f3t - 178))e-170-5°
C 44, cos (f4t + 120 ) |

o+ tos (f ) - isin (fst ))-e'i65 :

2(cos( 61: - 120°)- isin (f6t - 120°))e -165°

WI random no1se +: (cos (f]t+130 )- isin (f]t + 1303)e 70 .5°
4 (cos (£,8) + Asin(f,t))e 70" 2
+ {cos (f3t) - isin(f t))ei87’5
i70°

+

(cos (f4t) + 1s1n(f t))e

(cos (fgt-172")- isin(fgt - 172%)e "70 5°
e 1170° ‘

+

+

(cos (f t) - isin (f6t)

v ‘It is,evidentAthatIthe phase;information‘in,the second example is
obtained from eithek columns, ¢+¢’ior ¢'i and not.the other estimateé of_
'phase 1n ‘the case of the c1rcu1ar1y po]ar1zed vectors (Table ]B)'whereas for.the

e111pt1ca11y po]ar1zed examp]e Pphase 1nformat10n is conta1ned in Tlast. four
| columns (Table 1A). ' - |

~ The method of ehalysis is designed to handle one further special

‘case which occurs when one vector component is circularly polarized and when

one component is elliptically polarized. For the purpoSe.of the calculation
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circularly polarized motion is considered to occur whenever the absolute value

I ,
of the rotary coefficient is greater than 0.9 which corresponds to the case

where the maJor axis is less than 50% ]arger than the minor axis of the eliipse
The ang1e 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, (¢ - ¢ )** or (6 - 6"

D. Ana]ysis of a scalar time series . and a vector time series - -

Let a scalar series be defined by

~
1

= a140050t + b]sinOt

(I&*] + |A7]) (cos(ot + o)

2lﬁ\fl cos(ot + ¢)

and-a complex series W~

WS (1A% + A7) cos(ot + ¢7)

+ 1(JA*T] - A7) sin(ot + ¢ el®

Essentially all the expressions deve]opedlfor the 2 complex time series
carry over'to this case with the modifications required by a, = b2 =9 = PVv]

='vi‘1 = Qvu]"é Pvu1 = Pyv = Pyv = Quy = 0.: Not only are'the above-eXpreSSions=

for the phase ang]es great]y Simplified but a]so on]y one strategy need be

~ adopted since |A | and |A f are equa] for a scaiar process

A computer programme which ca]cu]ates the coherency and phase re1ations
between a sca]ar and a vector is presented in Appendix II Two examp]es of a

sca]ar-vector correlation are provided by the frequency component f4, for the
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case of an e]]ib]jda]]y.po1arized vector in_Tab]é 1AAand for the]case'of é, '

circularly polarized vector in Table 1B.

I1 App]icatibn:to Model Verification

As'an example of possib1e usefulness of the §na1y$is consider a
hypothetical model of nearshore circulation which predicts a certain phase
ré]ation between the motions associated with internal waves at an inshore and“
an offshore Tpcation.' In order to tést thé predicted relation-appfopriateldata
aré,éeiected ét each of the two Iocations and analysed by the ébove programme.

'Hourly obsérvations of current ét-fhe depth of 10m were selected at
énvinshohe station, stgtion 41, and at a location approximately 16 km, offshoré
station 6 for the 21 day period from 15 Séptembef to 6 October 1972. Both
‘ seriés were collected in the Oshawa region of Lake dﬁtario during the intensive
field programme knowq as the International Field Year on the Great Lakes.“The
lloéation§'of thé’station and description of the programme are given by B]antbnv»
(1973). | | |

Figufeil is a plot of the 1ogari£hm‘of,spectra1-densities of uand v

components of nearshore current and the coherence between the components against -

. frequency. A prominence is év1dent in all three quantities at a period of 16.6 h

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

0.94 which indicates nearly circu]ar]y polarized motion in the clockwise sense.

A similar plot for the offshore current series seen in Figure 2'a1so indicates th -

~ presence of a circularly po]arﬁzed'motion at the same frequency. The rotary
" coefficient in this case is 0.99. |

In Figure 3b coherehcesvbetween the positive and negative rotating

- ~ components are b]otted for 50 intervals of frequéncy. The highly significant




3

. associated with'eastward currents at station 6.

eoherence between:the_negative]y rotetingg(clogkwise)-oomponents'at'a‘period_of
'16,Z'hr'indicates that the motions are correlated between offshore and onshore
Tocations. :Furthermore; the phase angle between negative]yirotating components
shown in Figure 3a are in'egreement with*synchronous.orbital motions of internal
waves at the two Tocations. |

A further test wh1ch 1s not presented in the figure between current
data was conducted at station 8 dur1ng the same .period as the. prev1ous test.

Internal wave mot1ons were highly correlated from the. 15m to the 30m depth, but

_were exact]y out of phase with one another

To 111ustrate the use of the programme which corre]ates scalar and -

_Veetor't1me series current meter data at station 6 and at a depth of 10 meters
" were correlated with_the depth of the 6° isotherm at that station. Depths were
: ta]cu]ated by 1inear'fnterpOTatjon-between,close]y,spaced temperature sensors .

~and the current meter sbectra have been plotted in Figurerz.

hThe spectraT‘densities of the isotherm depths are closely related to -

‘the current spectra in the Tower frequency range. Figure 4b demonstrates the -

highly significant-corre1ation between the negatively rotating current vector'

andtthe.isotherm exeursion-at a period of 16.7 hr. The phase angle at that

_frequency.depicted in Figure 4a indicates that maximum thermocline depths are

A s1mp1e model of the f]ow which is constrained by continuity can exp1a1n

the observed phase re]at1on On the northern half of the lake easterly flow in

the upper layer is preceded by{one:hajf a cycle of onshore flow in the upper

layer and byIOne.ha]fga cycle of'offshore flow in the lowerZIayer. Since fluid

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



upper layer must thicken and will reach its ‘maximum ‘th‘i‘ckness', when the current .

is due east.

ITI :CompUter Pkogramme Description ;

o Due to severe membry reéffictions on the 3300, the four-dimensional
spectra] anaiysis routine was'wfitteh in the form of four programmes with
intermEdiéte data storage on tape. To simp]ify'submisﬁioﬁ df‘jobs these four
programmes were stored on disc files. Full listings_of the;programmeskbelow
 are‘given ih Appendfx I. | ‘

The four programmes are:

DATA 1 reads veétbf-timevseries data for two station
locations and buffers onto tape.

" CALCATE

reads'fkom fape, perfqrms Fourier:transform 6n,
‘daté,-ca]cu1étes four power spectra, and_sik'
' COspectra‘and qQadrature spectra for all posSib]e
pair combinations and writes‘this resuTt on tape.
OUTPUT - feads from tape, calculates coherence and phase,
ﬁrints and plots spectral characteristics of each
vector series by frequency interval, and writes "

results on tape.

SPECPLAT reads tape, calculates and p1otsgcoherencgs;énd
phase.ahgTes'between}VGCtok series against fheQuency.
Similar1y-f6r the case of a scalar and}véctor time series four:
somewhat different brbgkamme5~are'étored on disc files
SDATA1 ' - read a scalar series from ohe station'IQcatiqn, and

a vector time series from a second station. Data

are buffered onto tape.



-

SALCATE .; - reads from tape performs Four1er transform on
| each of the three series, calculates three power
spectra.cospectra and quadrature spectra and
writes the results on tape.
| SUTPUT .h - reads from tape; ca]cu1ates coherence and phase,
~prints and»plots spectral characteristics of each
of the three series by frequency interval.
SSECPLOT - reads tape 1, calculates and p]ots coherenees“and"
| phase ang]es between the two series aga1nst frequency

Fu]l 11$t1ngs of the above programmes are g1ven in Append1x II

v CONCLUSIONS
A number of stat1st1ca1 quantities describing. comp1ex ‘time ser1es '

have been derived in terms of the standard covariance spectral concepts Two
computer programmes based on the formplas derived herein are described and are
applied to a number of test cases of known properties as well as actual pairs,

~ of current meter timeﬂseries Test resu]ts suggest wide horizontal coherency
and synchron1sm of 1nterna1 waves and that there is a phase reversal across the
‘thermocline occurring in Lake 9ntar1o Phase relations between current,and
thermocllne osc1]1at1ons can be determined near the shore11ne from simple
cont1nu1ty'cons1derat1ons. It is hoped that the eoncepts out]ined_and.programmes
developed will be of usetUIness‘in the verifiCation of dynamical models of

lakes.
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~ APPENDIX I

Programme Listing for vector-vector correlations -




. . o I l DATE

=2

BHHKE Ca]cate

‘I’ Reads two vector time ser1es, removes trends, ca]culates Four1er coeff1c1ents,
power spectra and cross spectra '

DESCRIPTION _

Calcate is the main driver routine for the spectral computations

USAGE
weor —Joureor
.. X“coftaThs: four scalar time: series | P four power spectra
R , C'six cospectra
Q six quadrature spectra

SUBROUTINES USED . . CALLED BY

Spectr whlch 1n turn’ ca]]s Fscran Data 1
' STORAGE REQUIREMENTS T | SOURCE LANGUAGE
MACHINE — . [ PROGRAMMER
REFERENCES




LN

Liv '

LN
Lt
LN
LN
Lin
LN
LN

LN

Li
LN
LN
LN
LN
LN
LN

LN,

LN
LiN

.- 28 -
USAST FORTRAN(1al)/Ma05 4oz - [ilburK wumiy 5i4E = | PSR 247  vafc
U001 : PDrCGRAM -CalLCait o . ' o ’ ‘
0002 C ‘ o I ‘ E
00063 C ‘
0004 COMMON XMl s XMZol b s FREF AR
0005 CUMMOUN NAUGsMRTH ' :
0006 - CUMMON Z(1U2be&)sP (10104
0007 e CoMmON ClLlUlen) e (Lulebn) std(101+2)9PH(10Y)
0008 ReWIND 2
0009 RUFFER IN(201) (X :lePH(10L1))
0010 Tr (IFUNIT(2)) 1e20l
0011 2 CUNTINUE -
0012 WRITE (64 753)NFTS
0013 793 FURMAT(IHleID)
0014 _ WrITE(670L) XKvil e aM241LAG :
0015 701 FURMAT(1HL///77+17H MUORLNG NUMBERS 2ABe6H  AND  sABe///
06016 : £5n LAG=,14) )
Vol7 CalLl SPECTR(WNPTS)
0018 1 RewIND 2 .
0019 S10P
0g20 : Emb

USASI FORTRAN DIAGANOSTIC RESULTS FOn CalCATE

M) ERKROXS




LN
LN
LN
LN
LN
- LN
LN
LN
LN
"LN
LN
LN
LN
LN
LN
LN
LN
LN

-_29 _,

"USASI FORTRAN (141)/M$0S 4e2 IJTEGER W SLZt 5‘1"’ PSR 2RT

@

0001 . SUBROUTINE SPECTK (NUM).

vooe - . _CUMMON XM19XM2sLAG oFREFAR .

0003 o . CUOMMON NAUGINPTS .

0004 CUMMON X (1026,4) sP (101 44)

0005 : CUMMON C(1019h)vi(101’b)9C\(101’2)9PH(101)
0006 . . CALL ZEROV(Ps191%)

0007 - WRITE(646699) AM1 s XM2

0008 6699 FURMAT(1H19///5RKeABsSKeAB//// /)

0009 " NLH=4

volo - - ISKIP=0

0011 800 'CUNTINUE | ,
0012 CAalLL F:CRAN(x,MUM,LAboP,LU-PnglsKIP9NCHqceu)
0013 ' REWIND 2 ,

0014 BUFFER QUT(241) (AML,PH(1U1))

0015 Ir (IFUNIT(2))9015902+901

0016 902; ENDFILE 2 :

0017 REWIND 2 3

0018 901 RETURN _ -

0019 -~ EnD
USASI FORTRAN DIAGNOSTIC RESULTS FOR SPECTR

' 'NO'ERROﬂS .

’ UNRFFERENCED STATEMENT LABELS |

00800

.DAVE



| PATE g I
_-30‘ - ' -

NAME Fscran'

®

Filters. out trends, calls routines for spectra] analysis and corrects output
for trend remova1

DESCRIPTION

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 -
Tength. R1fort calculates the Fourier coefficients. Pspec: calculates .the

four power spectra. Finally Xspec calculates co and quadrature spectra for

all pairs.
TSAGE
INPUT T | oUTPUT.

X4 time;series - ‘ - | P four power spectra

B : C six cospectra
Q six quadrature- spectra
SUBROUTINES USED " CALLED BY
‘ Spectra

STORAGE REQUIREMENTS "" [ SOURCE LANGUAGE
‘MACHINE — — PROGRAMMER _

- REFERENCES




’-:_‘_f:sjféf:

| 'USAST FORTRAN(1+1)/MS0S 4.2  INIEGEK Wurb SIZE = 1 PSR 2v7 vaTk

LN

LN
LN

LN

0054

0091 , ’,SUBROUTINF FSCRA“(K,NPT5’\69P9C0HqPH9ISKIP;NCH.C;H)
v-.0002 CUMMON XAXoXXYoLLL  oFRCLPAR
0003 CUMMON NAUGsKIT ' '
0004 - DIMENSION X(102694)9P(10194)9L(10196)9Q(10196).C0H(10193)
0005 DlMENSlON PH({10Y)
0006 DIMENSION S(H]j)vAVb(4)9VAH(4)gSUM(4)
0007 KH=5 -
0008 Lr=6
o009 KiT=NPTS
0010 NoPl=Ngel
0011 Ir(ISKIP.EUol)GO TO 450
0012 InU=0
0013 DU 135 ICH=1¢NCH
0014 CalLL AVVAR(X(lleH)9NPT59AVG(ICH)9VAR(ICH))
- 0015 IF (ICHoLT4)G0 Ty 135
0016 wrITE(LPs120) o . N o
0017 120 FURMAT( /49X9e13H . MEAN 3. 3X94HVAR 519X94HMEAN, 8Xs4HVAR
0018 $2 (19X s 4HMEAN 98X o 4HVAR )/ : - : ‘
0019 , WRITE(LP130) (AVG(I)oVAR(L) y1=194)
0020 130 FORMAT (2X9 THX=CO+P92EL116395K s THY=COMP92El1e345X s BHXP=CUMPF o
0021 $2cll, 395x98HYP-CUMP92E11 3) ' .
0022 135 CONTINUE
0023 Du 145 ICH= I;NCH
0024 .hu 140 1= 19NPTS .
0025, X(IvlCn)_x(191CH)-AVG(ICh)
0026 140  CuNTINUE
0027 AVG(ICH) =0,
0028 145  CUNTINUE
0029 -FAC=,95
0030 DEL=(0
0031 DaL=0
0032 DLIL=0.
0033 NDUL=goe B
0034 - DU 146 [=29NPTS :
0035 - DEL2=FACHDEL+4054X(Is1)
0036 - DEL3=FAC#DAL+.054X (1,2)
0037 DeL4=FAC*DIL*. 059X (1+3)
0038 NELS=FAC#DUL+,05%X (1,4)
0039 ‘XiI=1lel)=X(I-1e1)=DEL
0040 XtI=1s2)=X(1=142)=DAL
0041 X(I=1e3)=X(I=143)-DIL
0042 . o K(l=led)=x (=] ¢4)=DUL.
0043 Dal=DEL]
0044 DiL=DEL4
0045 - DuL=DELS
0046 146 DEL=DEL?
0047 ' _NkITE(6925)((X(Iod)9J-19“bH)91 19100)
004R 25  FURMAT(3(1Xe4E1043)) '
0049 C CWRITE(LP1S0)
0050 - 180 FURMAT (// 304 ME an REMOVCU FROM EACH SERIt: )
0051 160 CUNT INUE
0052 165 DU 170 1CH=14nCH
0053 170 CaLL TAPER(X(IoItH)yNPTS)
Cc 'wanE(LPoIBO)



g

0058

0059

0060
0061

0062

0063

0064
0065

0066
0067

0068
‘0069

0070
0671

- 0072

0073

0074
0075
8078

0077

0o78-
0079
0080 .

0081

- 0082

0083
0084
0085
0?86

87

.ooaeﬂﬂm
0089,

0090
0091

00937
0094+

0095
0096

| 0097

0098

 0099
| 0100
0101
0102 -
0103

0104
0108
0106
03107
o108

10055 "
0056
0057

180

zoo"

220

‘270

» UgAgft#thﬁﬁh$;;1&(&505&332“‘1NTEGERHQ3@D‘SIiE =y s

~z}:' 3237ﬂﬁfif

AL R Lo . LT st
. - | B - e, . " . - ey L I . B
L - 'v.f; . . . ) . N . . SR B I Vs SRl

19ai

210
ar

“CONTINUE® | | ”
CALL RLFORT(X(lsl)vM4195909IFERR)

%

WRITE(LP9210)NPTSsNAUG

IS44H PTS )

U DU” 270 P TCHET's NCH g

260
115 .

_FORMAT (324 FORT ERROR PFEHRyICH'*LQZIQYQQ

CONTINUE. . B P

CaLL RLFORT(X(I.ICH)9M+}9bo-39IFERR)
If (IFERREW.0) GO T0.270
WrITE(LP+260) IF:RRoICH

. RETURN

- NFB‘NAUG/a ' K . :“l._x N _-~, ooy
“NEBP1=NEB+] e | -

DU 290 ICH=19nCH,

- & CALL PSPEC(X(leLH)9NEB,P(leCH)9NB) Y
2 DU4290 I=19NBPY - e
P(I9fCH)-P(I9ICH)*FLOAT(“AUG)/FLOAT(NPTS)

CONTINUE

FURMAT(/ 4H SUM,13X44E12e3) :

LCALL XbPEC(X(lql)9X(192)9“tﬁ9C(191)QQ(IQI)9NB) -
L Cakk- XSPEC(X(I;?),K1194)9Ntﬂoc(lod)9u(192)9NB)'

- CaLL, XbPEC(X(l;l)9X(193)9Ntﬁ9L(193)9Q(l93)9N@Q

ALl XSPEC(X(191)9X(1e4l NEE¥C(154) U (1 v®) sNBY

Call XSPEC(X(I;Z),X(193)9NPﬁ9C(193)9@(195)9Nd)

-CaLL XSPEG(X(IqZ)9X(194)’NtH9C(196),u(196)9NB)

ZiL= FLOAT(NAUb)/kLUAT(NPIb)

: 'D0"2825 I=1yNBP1
D0 2825, J=1y6 T '
CUIsdr=cilsdezIL™ . ¢ T

' Q(I9J)—Q(I9J)*ZTL

- CONTINUE

CSUMCl=0,

‘sumMmC2=0," P T A S
SuME3s0, L T e T e
SuMC4=0, - | o 0 S

SuMC5=¢,
SUMC6 0 o.
SUM@1=0, L

SUM@Z= 0.“, o TER R e

SUMQ4 e ) o o "%‘
SUMAS=0 . L Ty
SUMQb 00 .

DU 460 [=1eNBP1

SUMC12SUMC1+C(1,1).

| suMC2= =SUMC24C (1+2)
" SUMC3=SUMC3+C(]s3)

SUMC455UMC4+C(T94)

T
7 DA T.!E Ty

S

"-F()RMAT(// 44H CObINE TAPtK APPLIED TG Ewos OF FACH SERJES.
. CONTINUE - N el e
N [V 200 ICH-IQ \’CH |~ L ' b'a
caLL’ ZtFILL(X(191CH)9NPTbsM,NAUG)_Q'

"« IF (NAUGSEQoNPTS) GO, TO 220 . T

*FURMAT( / 36H EACH SERIED AUGMENTED 8y ZEROS FROM IS;SH PTS T

S




EEE

'"YUS&SI7FORTRAN(ioi¥/M$dS'4;2  1mTﬁGER”wuhu 512E1='iA 7‘ PSR 287 ' . LATE -

LN

LN

LN
- LN
LN
LN
LN
LN
LN
LN
LN
LN
LN
LN
LN

LN

o
LN
o

':0109-
0110&
0111 -
0112
0113
0114
0115
0116
0117

0118

0119

0120
0121
0122

0123

0124

0125
0126

0127,
V1pz8
0129

0130
0131
0132
0133
0134

0135

0136
0137

0138
0139

0140
0141

0142
i 0143

0144

0145
0146

0147
0148

0149

0159

0151

G152
V153
0154
0155

0156

0LL7
0158
U159
0160
0161

0162

SUMCH=SUMCH4C (195)

SUMCEESUMCH+C (1 46)

- SUMQLl=SUMULeW(Is1)

460 -

560
847

450

AL:NB'

SUMQA2=5UME2+Q (1 +2) : , -
SUMQ3=SUMA3+Q(Is3) - _ G ’ Y
SUMQSG=SUMGE* I (T e4) ' ' ' ‘
SUMQSZSUMLH+Q (T ¢ 5)

SuM@b= bUM06+Q(T,h)

CUNTINUE

SUMC=SUMC1

SUMQ@=SUMG L S : i ,
WrITE(66560) SUM(1) eSUM (&) s SUM(3) 9SUM (4) 5 SUMC 9 SUMG
SuMC=SUMC2 S

SuMQ@=SUMQ2

WRITE(65560) SUM(1) 9SUM(2) sSUM (3) $SUM (4) 3 SUMC s SUMA
SUMC=SUMC3

SuUM@=SUMG3

WRITE(65560) SUM(L) sSUM () 5SUM (3) s SUM (4)'s SUMC 5 SUMU

SuMC=SumMCs R o |

SUMA=SUMUY : | |

WRITE(69560) SUM(I)QSUM(C)9SUM(3)QSUM(4)aSUMC9SUMQ
 SumMC=SuMCs . . _ S ' S
* SUMQ=SUMOS : o

WRITE(65560) SUM(L) 9SUM(C) 9 SUM(3) s SUM(4) 9 SUMC 9 SUMQ
SUMC=SUMC6

SUM@=SuUMNeG . ‘

WHITE(645600) bHM(1)95UM(C)quM(3)95UM(4)9bdMC9§UMu:
FORMAT(/ 4H SUm9l13X96Elce3d) -

FACZ 19/(10‘.05/1995)*”&

CUNTINUE

DU 203 1=1,NBP)

AL=I=1

, P(Iql)-P(Iol)“FALé
P(Iq?)-P(IoZ)*FACZ
9(193)-P(193)*FA(¢
Pileg)=P(leg) #Faly

DU 742 Ja=ls6
CrIsJAr=C(IyJa) #FAC2
Q(IvJA)-U(IoJA)“rACZ

CUNTINUE

CIF(leGTs NB/ 6) GO TU 203

B=SIN(3,1416% (A1 )/AL)

A=COS(3.1416%(AL /ALY

Ir(leEWel) B=SIN(3614167(4,%AL))

IF(IeEidel) A=COS(3e1416/(4,%AL))

712 (0954 (L o=A) B (1 o= 9S#A) + (o 95*8)**&)**24(.95*@*.05)**?

723 (lo=USHA) #8024 (,95#3) #op ,
Pilsl)=P([el)o72%22//)1 /sFaACe - |
P(Ie2)=P (192822442721 /P AC2 ' -
PUl93)=R([e3)8%724£2/7)Y/FACY

p(l94)-9(194)*12¢12/11/fAu2

LPS=L2%72/L1/F ACE

Du. 203 JA=1l,.6



UsasT FO”TRAN‘I 1’/M505 o2 1NTteER wuﬂu SIZE #1 * PSR 27 . -LDATE

LN 0163 C‘I'JA)-Ctl’JA)#sz : T S
LN 0164 oL atly JA)-Q(I;JA)*;vps B PR DT
LN 0165 .. 203 CUNTINUE LA s e T

LN 0]_66 e R » 10 280 ICH-—]_,NCH Rt : = R L o

LN O0l67 L SUM(ICH)=0e S . PRI ;

LN 0168 DU 280 1=1,NBP] o Sk

LN 0169 280 .~SUM(ICH)‘SUM(ICH)+P(IsICh)

LN 0170 .. . ,,,.wHITE(prsso) (sunc1cn),1cn-1,ncﬂ, Y

LN 0172 " CEwD E | | | o

USASI FORFRAN‘DIAGNOSTIC RES9LTS FOR F>CRAN

TUho emeods

Fip o ey “‘ Y

UNREFERENCED STATEMENT LABELS

£ 00150 00160 ° 00165, . 00180 .. 00190° .:

00360°% 00847
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USAST FORTRAN(1.1)/MS0S 442  1nTEGER wur) SIZE = ] PSR 237 DATE
@ v o001 - SUBROUTINE AVVAR(AsnNgAVeVAK)
LN 0002 . DIMENSION X(2)
LN 0003 Av=0ao
LN 0004 Du 10 L=lyn
LN 0005 10 Av=AV+X ()
LN 0006 AvsAV/FLOAT (N)
Ln 0007 vaR=0,
LN 0008 Du 20 I=1en
LN 0009 Xx=X(I)=nv .
LN 0010 20 VARSVAR$ AR®XR
LN 0011 | VAR=VAR/FLUAT (N)
LN 0012 ReTURN
LNy 0013 EwD

USAST FORTRAn DIAGNOSTIC RESULTS FOn AVVAR

NQ FRRORS



LN
LN
LN
LN
LN
L
LN
LN
LN
LN
LN
LN

USASI FORTRAN(1.1)/MS0S 442

0001

0002

0003
0004

0005

0006
0007
0008
0009

0010
0011 °

0012

50

60

- 36..
' INTEGER wURD SIZE =.1

. SUBROUT [NE TAPER (XsN)

DIMENSIQN X(2)

- P1=3%1415926
. DU 50 L=1.N

ANGE (FLOAT(I)-.S)*PI*IO.%FLOAT(N)
Ir (ANGoGEPI) GO TO 60
FACZo5=,5%C0S (ANG)
XK(I)Y=X(1)#FAC

- IUP:N-I¢1 . . N B o W‘ ".'A"V.':::: . E:'\"w‘.
KCIUP)Y =X (TUP) #FAC E o T :

RETURN o A
E‘VD %

USASI FORTRAN DIAGNOSTIC RESULTS FOK TAPER * "

NO ERRORS

4.\“3‘
?

T

PSR 2T

DATE

[
o
ST
SN
¢ &2
2 “a
oy
B
3
. e

s 2;1.5!1, e T

o T 008 e
Goe R S RS
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USAST FORTRAN(1.1)/MS0S 442 [NTEGER wunid SIZk = 1 PSR 2H7 © DATE

‘l’ IN 07001 SUBROUTTINE ZEFILL(KoNRCDIMeiNAUG)

LN 0002 ; - DIMENSION X(2) ‘

LN 0003 DO SO Js1,13

LN 0004 M=J

LN 0009 N=g##M

Liv 0006 ' NaAUG=29N

ILN 0007 Ir (NAUG=NRCD) 50 emU e T0

LN 0008 . 90 CuUNTI1INUE

LN 0009 ' S1oP

LN 0010 " 60 R TURN )
LN 0011 70 I>TART=NRCD+1

LN 0012 DU 80 L=ISTART,NAUG
LN.-0013 80 X(I)=0e0

LN 0014 : Re TURN

LN 0015 ()

USAST FORTHAm DIAGNUSTIC RESULTS FOR ZEF [LL

MO ERROKS



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
LN

LN

LN
LN

LN:

LN

. LN

LN

LN
LN

LN
i LN
LN

LN .

LN
LN

0034 . . C(I+])

- 38..

USAST FORTRAN(131)/MSOS 402 INTEGER WUHD SIZE = 4°

0001 -  SUBROUTINE RLFORT (C,M,SolruelFERR)

0042 90 - CUNTINUE :
0043 IF (IFS) 45945440
0044 - EnD o

" USASI FORTRAN DIAGNOSTIC RESULTS FOR RLFORT

4‘NQ~ERRQRS

*L”Psﬁ.ZéF‘Aﬁ¥

0002 DIMENSION 0(1),s<1) a
0003 - N = 2weM | -
0004 "~ " IF (IABS(IFS)oLT.2) CALL. FORT (CoMoSsOoIFtRR)
0005 . CMCPLX =M - 1

0006 . IF (IFS) 10545430

0007 10 CALL FORT (CoMCPLX9Sy=25LFE R

Qo008 = ' .  CFACT = 1, K
0009, ~ C(N#1) = 0e5%(C(1) -~C(2)) o e
0010 CICIN$2) = 0. , ‘ AR T
0011 v Cil) = 0a59(C(1) + C(2)) b
0012 | Ct2) = 0.

0013 | Gu TO 50 .

0014 .30 CrACT = =), ‘

0015 7 C(2):= C(L) = C(N#1) &
0016 = - () = C(1) # Clivel) .o
0017 . 'GU'TO 50 * S

0018 40 CaLL FURT (CyMCPLX5Ss2y [FERN)

0019 ' 4% RETURN :

0020 50 K = N/2 - 1

0021 , - MSIN = N/4

0022 ., . CAK+3) = <C(K+3) -
0023 7 DU 60 I=3,Ks2 ‘
0024 IS = (1=1)/2

0025 IC = MSIN = IS

0026 . SI = S(IS),

0027 o Cf = S(IC)¥CFaCY - | A
0028 -t AL'® C(D ;o L
0029 - Bl = CUI+D) :

0030 L= N-=

0031 A2 = C(L+2)

0032 Be = C(L+3)

0033 ©Cl) = 0. 5% (Al+A2+ (B14B2)¥CT=(AL=A2)BST)

0o5*(Rlde-(Bl¢3£)§ST-(A1«A2)BCT)
0e5% (A1+A2=(B1482) 4CT¢ (A1=A2) #ST)

9035 E . CtL+2) =

0036 6G C(L+3) = 0o 5*(82-81=(81+U¢)*bl-(Al-AZ)*CT)
0037 L IF(IFS+3)90s70,490

0038 . 70 Cil)=C(1) %2,

0039 . CINeD)= CN®1) 22,

004‘_0’ v D’) 80 1_4»N92 ,

0041 - 80 ¢ C(I)==C(I): ~

FLDATE:




"' 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
LN
LN
LN
LN
LN
LN
LN
LN

LN
LN

LN

LN

LN
LN
LN
_N
LN
| LN
@
LN
LN
LN
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USAST FORTRAN(1e1)/M30S 42 ° ITEGER WuND SIZE = 1 PSR 287  DATE

0001 SUBROUTINE FORT(19MeSe1F9 1FERR)
0002 DIMENSION A(l)e S(1)e K(14)
0003 EWUIVALENCE - (K(l3)9K1)o(“(12)9K2)s(K(ll)oKB)s(K(10)9K4)
0004 EQUIVALENCE (K( 9) 9KS)e (K( &) eK6) s (K(T) oK) o (K( 6) 9KB)
000% FQUIVALENCE (K( 3)9K9 ) o iR ( 4)eK10)o(K( 3)eK11)o(K( 2)3sK12)
0006 EWUIVALENCE (X( 1)9K13) o K(1)9iN2) '
voo7 1r(M)29263

0008 3 TF(M=13) Se5e2

0009 2 IrERR=1

0019 1 RETURN

0011 S IfERKR=0

o012 N=2##M '

0013 Ir( IABS(LFS) = 1 ) 200s2V0610
0014 10 Ir( N=nNP )20-20.13 o
0015 12 IrERR=1

00le6 : Gu TO 200

0017 20 K{(l)=2%N .

0018 ; DU 22 L=2eM

0019 22 KiL)Y=K(L-1)/2

0020 Du 24 Lz=Msl2

0021 24 K(L*+l)=2

0g22 1452

0023 D) 30 J1=2¢Kle2

0024 DU 30 J2=Jlsn2,K1

0025 DU 30 J3=J2en3eK7

0026 DU 30 JasJ39Ka K4

0027 DU 30 JS=Jé,K54K4

0028 Du 30 J6=J59KO4KS

0029 Du 30 J7=J69KTekn

0030 DU 30 JB=JTsKRGKT

0031 DU 30 J9=JBeRI KA

0032 Du 30 J1u=J9exK109+K9

0033 Du 30 J11l=JlUsK11leK1O

0034 Nu 30 J12=J11sK17eK1l

0035 Du 30 JI=Jl2,K134K12

0036 It (IJ=JdI) 28930430

0037 28 T=A(IJ-1)

0038 ACLd=1)=A(JI=1)

0039 AtJI=1)=T

0040 T=A(IJ)

0041 A(IJd)=A(JI)

0042 A =T

0043 36 Iu=1J+2

0044 IF(IFS)32+24+36

0045 32 Fvw = N |

0046 - DU 34 I=lenN

0047 A2#1=-1) = A(2#]-1)/FN

0048 34 A(2%])==A(2%]1) /Fi.

0049 36 NU 40 I=]loNe2

0050 T = A2e]=-])

0051 a(2%l=1) =T ¢ pA(’%#]2])

0052 A(2HL+[)=T=A(25]+})

0053 S T=A(2#])

0054 M2%L) =T + a(2+(+2)



- 40 -

USASI FORTRAN(1.1)/MSOS 442 [WTEGER WUKy SIZE = 1

LN 0055
LN 0056

LN 0057

" LN 0058
LN 0059

LN 0060

LN 0061

LN 0062

LN 0063
LN 0064
LN 0065
LN 0066
LN 0067
LN 0068
LN 0069
LN 0070

LN 0071 -

LN 0072
LN 0073
LN 0074
LN 0075
LN-0076

LN 0077

LN. 0078
LN 0079
LN 0080
LN 0081
LN 0082
LN"0083
LN 0084
LN 0085

LN 0086 .
LN 0087

LN 0088
LN 0089
LN 0090
LN 0091
LN 0092
LN 0093

LN. 0094,

LN 0095
LN 0096
LN 0097
LN 0098

LN 0099

LN 0100
LN 0101
LN 0102
LN 0103
LN, 0104

LN 0105 !
LNV 0106"
LN 0107

LN 0108

40

50

60

p(2#Ts2)= T - A(2%142)
IF (M=1) 251 ,50

SeT FOR L=2 .

LEXPL=2. N
LEXPL1=2#8 (L= l)
LeXAP=8

Lr AP=2¥#(L+])

NrL= 2##MT

NRL = NP# 28%#a| -
DU 130 L=2sM

DU 80 LI=2eN2sLEXP .
I1=1 + LEXP1

Ie=11+ LEXP1

13 =I12¢+LEXP]
T=A(l=1)

L ACI=1) = Ty eA(I2=1)

80
90

A(IZ2=1) = T=A(12-1)
T =A(D)

ACL) = T+A(I2)
AL12) = T=-A(I2)

T= =A(13)

TL = A(I3=1) SE
A(I3=1) = A(Il=1) =T
AVI3 ) = A(I1 ) =TI
ACII=1) = A(I1-1) T
ACIL) = A(LL ) +TI

AIP(L =2) 1209120990
‘KLAST~N2 =LEXP- -

JUsNPL a
Du 110 JU=4+LEXPL1.2
NPJJI=ENT=JJ

CUR=S (NP YJ)

UE=S(JJ)

C ILAST=J+KLAST

100

110
120°

130

D2 100 I= JoILASTLEXP

T1=I+LEXP]
12=11+LEXP1
I13=12¢LEXP)
T=A(I2= 1)*UR-A(I?)*UI.

Ti= A(12»1)*UI+A(12)*UR"

A(IZ2=1)=A(1l=1)-T
Atf2 =Ad(l y = T1
Atl=1) =A(I=1)+T
ALD) =A(D 7T
==A{13=1)#UI=A(]3)#UR
T1=A(I3=1)#UR= A(ld)#Ul
ACI3=1)=A(I1=1)=T
ACI3) =a(I1 )=Ti
AtIl=1)=A(I1=1)+T
ALIL)  =A(Il). +T1
JJ*JJ+NPL .
LEXPY=2#LEXP]

~LeXP = 2#LEXP

NPL-NPL/&

e

e

. PSR 287 DATE




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
LN
LN
LN

LN

-4 -

USAST FORTRAN(1e1)/MS0S 4.2 I~TEGHFR wuny SIZE = 1

0109 140 Ir (IF$) 1455251

0110 145 Du 150 I=leN’

0111 150 A(2%#]) ==p(2%])

0112 . 16 Gu TO 1

0113 200 Nr=N

0114 M =M

011s - - N1=N/4

0116 My=M=2 .

0117 IF (MT) 26092604219

0118 205_THETA=o785398163a _ )
0119 C TRETA=PT/2%% (L+]) FOR L=]
0120 210 JU-TEP = wT

0121 c CUSTEP = 2#%( 4T~ +1 ) FOr L=l
0122 JulF = NT/2 '
0123 C JulF = 2#8(MT-L) FOR L=l
0124 S(JDIF) = SIN(THx[A)

0125 ' Ir (MT=2)260¢220+220

0126 220 DU 250 L=2¢MT

0127 THrETA = THETA/?,

0128 . JHTEPZ2 = JSTEP

0129 - JSTEP = UDIF

0130 JuIF = JulF/2

0131 S(JDIF)=SIN(THETA)

0132 JUL=NT=JUF :

0133 , StJC1)=CUS(THETA)

0134 : JLAST=NT=JSTEP,

0135 , IF(JLAST'JSTEP)2%0923092;U
0136 230 Du 240 JU=JSTEPJLASTsJSTEP
0137 JC=NT=J

0138 Ju=J+JDIF

0139 240 S(JD)=S(J)FSIICL) +S(JUIFI*5(JC)
0140 250 CONTINUE '

0141 260 IF(IFS)2041420

0142 (Y
USASI FORTRAw DIAGNUSTIC RESULTS FOn FuRI

NQ ERRORS

UNREFERtNCED STATEMENT LABELS

00060 00140 © puled  gu2lo

PSR 287

Unlte



-

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
LN
LN
LN
LN
LN

USAST FORTRAN(121)/MSOS 402 INTEGER WURL S$IZE = 1 °* PSR 287.

0001

- 42 -

SUBROUTINE PSPEC(AsNsP M)

0002 DIMENSION A(2) 4P (2)
0003 ReAl L. 1 : 5 3
0004, Fw=N , C BT
‘0005 FM=M oo e
0006 W=FN/FM Ty
0007 MPl=Me1
0008 Du 100 INOL=leMP1
0009 - L=INDL=1 ' B .
0010 Xn=AMARY (0o 0gwW# (L=0,5)) . -~ =«
0011 Xb=AMINL (FNoW#(L¢0e5)) L
0012 TXxA=XA
0013 IAA=MAXQ (05IXA)
0014 _ TAAIND=IXA+]
0015 " IAB=XB#1.0
0016 IAB=MINO (IXBsN)
0017 ' IABIND=IXB¢1 Y o
0018 - FINT=0.0 - . S
0019 DU 50 IxINu-IxAIvuqlxaINU : ’ -
0020 Ix=IXIND-1 -
0021 . ... REA(2#IXIND=1)
0022 “S=A (22 XIND)
0023 AMP2R#¥ReS#S - o "
0024 IF(IXoLEoIXA+1 LORe IXeGt,IXB=1) GU TO 40 -
0025 FINT=FINT+AMP
0026 Gu TO 50 .
0027 . ' 40. XAAZAMAXL (XAsFLOAT (IX)=005) -
0028 '%BB—AMINI(XB;FLOAT(IX)#O-S)
0029 DELX=AMAK]1 (00 i) s XRB=XAA)
0030 FAINT=FINTeAMP#DEL A
0031 50 CUNTINUE
0032 .. PUINDL)= FINT#O o5
0033 100  CUNTINUE L S
0034 o - RETURN ‘ S S T A
0035 EnD : - :
USASI FORTRAN DIAGNOSTIC RESULTS FOR PSPEC

" DaTE,

e
=

e




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
LN

LN
LN
LN
LN
LN

LN

LN

LN
LN
LN
LN
LN

LN

- 43 -

USAST FORTRAN(1.1)/MS0S 4e2 14TEGER WURL SIZE = |} PSR 287
0001 SUKROUTINE XSPEC(A9BoNeCoruom)
0002 reAl L

0003 DIMENSION A(a)oH(Z)oC(e)vﬂ(Z).
0004 Fi=N

0005 F =M

0006 W=FN/Fm™

0007 Mrl=Me] o

0008 DU 100 INDL=1.mpP}

0009 CL=INDL=1" ,

0010 Xa=AMAX]1 (DeQows (L=0e5))

0011 XH= AMINI(FN9W*(L‘005))

0012 TaR=XA

0013 IAA=SMARO (O IXA)

0014 1AAIND=TXA+]

0015 Iab=XB+1.0

0016 TAB=MINO (1XBq:)

0017 TABIND=IXB+]

0018 FINTC=0,0

0019 FINTQ=0,0

0020 DU 50 IxIinD= 1<A1nu,lx5INb
0021 TA=IXIND=|

0022 RA:A(Z“IXIND-I)

0023 Sa=A(2#IXIND)

0024 Rr=B (2#IXIND=1)

0025 Sn=B(2%T1XIND)

0026 AmPC=RA#RB+SA#SH

0027 AMPU=RA#SB=RB#SA

0028 I (IXeLEoIXA+1 oUKe IXeOF.IXB=1) GO TO 40
0029 FINTC=FINTC+AYPC ‘
0030 FinTu= f'INTl)-tAMPQ :

0031 G TO 590

0032 40 XHASAMAXL(AAZFLOAT(IX)=0e5)
0033 . XSH=AMINL (KB9FLLOAT (IX)+009)
0034 . DELX=AMAXL (0o0 ¢ Xtst3=XAA)

0035 FINTC=F INTC+AMPCRIELX

0036 . _ FLNTu-fINTu+A1Pu*DtLK

0u37 20 CubNTINUE

0038 ' CUINDL) =FINTC#,.,5

0039 QEINDL) =F INTQ# .5

0040 100 CunTINUE

0041 Re TUKN

0042 Ewvb

USASI FORTRA~ DIAGNOSTIC RESULTS FOr XSPEC

NO ERQO&S

001,98 “IN

DATE



oy . . | I . DATE
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NAME (ytput

PURPOSE e ) e - ‘
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 axes

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 Tline printer.

If RC is Tess than 0.9 the sum and difference of the angles of orientation are
calculated. ' - '

- USAGE

INPUT

Power spectra P
Cospectra C )
Quadrature spectra Q

OUTPUT

Rotary coefficients ROT

Positive rotary spectra PPP

Negative rotary spectra PMM

Difference between angles of orientation is
Daning :

Sum of angles of orientation is Sumang

SUBROUTINES USED

Move (Library)
Polar, NFACTS
Kange, KFIX, SGN

|CALLED BY

Data 1

STORAGE REQUIREMENTS

SOURCE LANGUAGE

MACHINE

PROGRAMMER

REFERENCES

KANGE converts an angle to range 0-360 ' ' ’
KFIX converts angle in radians to integer degrees
SIGN - determines sign of variable
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1‘.'“)1_

lm !;%
L5 thuhu
Lir rings
Lo abin
L v ?
LN 9005
LN 09
L GoYe
b ¢ll
(SRS Iy
L 13
L ¢ala
L (9919

LN uvdla:

Liv
(]
L
L
Lo
L
[
LN
L
[
Lo
Liv
L
1t
b
LA
LN
Lo

Lt
ARVIE Y o)

[

Lot

L
L
. L f\‘. ‘
v
by
L
Lt

LN

e
[
L
L"

gl 7
013
gLy
GO
el
vie?
P2 4
WNeG
125
RV

w27

e

anE9
R N
8031
R
w33
034
H 35

Jis37
EG L
vt 39
Lian
Y/
014672
» ta
Oiva g
e s

[P} 4*1

cpoald
VTSt

Ja9
[t

L.lvvﬁl
57

LM

1it9H 3,
Lo o

Dy

FuaTikAn(lel)/7n5n

a0}

791

#00

3

10

12

PrOGKAM

CuMMOL

CuMMOn
‘(ludh-q)-P(lﬂloo’oL(lOl9b)9U(101,D)9PMM(10192)9PPP(10192)
AINW(]J{)ORUf({UIQK)QJUMANb(IOI)

2CO(1)Llen)sPH(L10150)

COMMON

CUMMQGN o

COMMUN
IinTEGEK

S b7 [oTEGER
uu TP

s AMZLAG -
uberTw

CRECI0 L)

PLOTL:(

Liv)

- 45 -

wii) ST/E

e

FOUIVALFNCE (N1 06) o (L1 sivize’])
NIMENST N SUM(4) '

LP=6
NCH=4
InK=0
RewInD
RUFFER
IF (IFUN
CONT fnux

W ITE (4, T701) kil g8
FURMATUIHY// /771 TH MOORLN Nu“BtRs
S5 LAG=414a)
Cabl Pn!uH(C(lol\9”(191)’r(191)9p(19£)9LAGQCU(]91)9PH(191))

REWIND 2

'WKITE(@Q

wrlITE (H

2

fN(291) (X
{12yl

Q

13)
1604)

CONT It 1 -
INK=TKE +1

wrITE (¢

+531)

L1=LAG+]

Ny 2 =
AiL=LAG
ag==-1

ol l

M19Q(10190))

lad

FebEQ= ALIAL*u.waJ*PAd
ir(Al)34304

ALFREW=

Yo

PERIOD=
6Gu T0 =
PERIOD=
ALFREU=
Ir(P(I,
aLPX=0.
Gu TO &
Sw=P (1l

a_PX=al:

P e

Te/FRE
ALUGS L2 IFREY)

1))0e6 7

1)

TEA(P ([42))7e9910

‘Al,.PYzﬂo
GO TU 1§

1

SAa=P(ly2)

ALPY=aL
NEST.

Gl (k)

C )(Iq ))-u\»(l, 1y

lpyPM)
1f (IRK oL

e g LA“

%.5)PHP(:leK)=Hr
[ CIKKes i 6 3)Piari(T e [KK) =P

1!

1

sAds6H

PSR 287

AND

DATE

2ABo///
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LN

LN

Y
LN
LN
R
LN
LN
LN
LN
LN
LN
LN
L
LN

LN

LN
LN
LN
LN
LN
* LN
- LN
. LN
. LN

LN 0 ,
90082,
0083

LN
CEN
. LN

C LN

. LN

CLN
LN -

LN
Liv
LN
LN
LN+
LN
N
L
LN
LN

LN

LN

Ly

LN
¢ LN
LN
i LN

LN
LN
" LN

0058 -
0db6
lN 005‘7"v

0058,

0659

G600

0061
oNe?
0063

U064»#;w,
unes
0pes

(a7

0968:;

0069

0070,
071 T
0072 .

o073

0nT4

0075
unT7e
0077

0078 -

0679

0080

0081

v08ae
un8s

0p86e
vo87 -
0088 «.
0089 -

0090
0091
0092
0093
009¢
0095
009h
D097 -
00N9R

00997 .

0100

Ul 01! e

slo2
0103
N X

0108
0¥06_?ﬂ

0107"
0108

SIS ST ANGLE-KANGE(KFIK(THETA))

s B ANGLEZKANGLE, N

P
R
' 2:.:.

c- WP\QT 1s dANTED

23iﬂ FURMAT(1H1)‘

Wl TE(61988) SCALFAC s %
88 FURMAT(40Xs15HSCALE FACTWR = sFu.2)
. NRITﬁ(élgBZ)X%IMqXMAK . R '
© 82 L'FURMAT (11X sF6. 299X F5e 273 )
B v i‘ﬂﬁITE(61979) i : R ﬂ: .@%
79 QRMAT(14Xv10?(lH¢)) . L
‘ AL %= LAG
Lt—LAG sl o e ‘ .
.IajvtT’: I S
R 1 : - - . . held
[EE ﬂnaﬂaaI/ALﬁ.S*FRFPAR o ‘
 IF (A1)90590991 '
90 . PtRIOD--o° . S
. 60 TO- 92 - v :
9L?”,lphmloo- P/PREQ R o Bt
292 " AL, BLANKV(PLOTLN(I)olOU) - a,'“ﬁ

“ AKCE ABS(HL)

+ (ARCoGTo Vo 9)§ANGLE=0 o ' L
STECTRKSER02); bUﬂANG(I)“DANING{I)+ANGLt_
IF (IKKoEQo2) UANING(I)—DANING(I)-ANGLt ,
TF (JKKeEHe1) DANING(I)= ANGLE - %

lf\\“WR“TE(QJOOZJ

g U AT SFREQ, ALFREQsPERUD;P (1 5 PF5ALPR5PAT52) §
S as $CU“&91KK)9PH([,BKK)9AMAJ9ANYN:ﬁCvKANGLE Ce

F#@CI)-PERI@D L oy 5
i RUT(IleK)-RC , o ; P
CP(Tel) =ALPX ) ot

P ls2)=ALPY
cu(Iole)-o.*CO(I,IKK)«ao
CONTINUE .,
o WBIIt(b ‘B03)
503 FuRﬂAT(lHl)
XMIN—~J
3

f&Jn—(P(I,1)-XMIN)/$CALFAC‘%5001 . <3
" IF CUKeLEo1000AND e JKeGEo1) - PLOTLJ(JK)‘IHX
TF(JKeGTo 100 PLOTLN(100) = LH# :
H1F COKSET 1) PLOTLN (1) =1H= 3
iﬁﬁhf%J&ﬁAPqua)-XMlNé/SCALFAC*-SOOh s i
T IR GUKGEE 0 1000 AND o JKoGES 1) PnoTLN(JK)=1HY
'”fna;r(JﬁewToIOQ)PLOTLN(100)=1H¢’”‘ . 0
TFCUKGLTS 1) PLOTLE (1) =TH=- L o
CazCO (1 o TKK) Lo
JK= (CA -XMIN)/aLALFAC+obn0& &
T EIRGLE 6119000 ANDadK 0 GE 01 ) = PLOTLN<JK) 1HC i
;1rtuxaur 100)PLOTLN(100)-1H4 co T
TR (IKGL T 1Y PLOTLEN(L) (= AHeEE
£ wHITE(éloLQOD) PFHIODqPLUTLN R

Fd




"’;:2%

1o
Lt
L
(R
(S

LN

.1
(N
L
(I
{_p
L
LN
I
L
N
L
U
L
L
¥
LN
Li
e
(A
b
Liv

LN

L
(R
e
L 1\‘
LN
L
L
Lis
foN
LN
L
i
L
Lo

[TRES
5111
N ¢

FIRE!

dlje
HYILs
G114
v117
H11H
ulla
G120
vijdl
g
G20

D124

G159
vi2s
ey
Yy
Gigs
0130
Y3}
137
TRICE
dt 34
135
v 3¢
(v 37
G 3K
139
TR
ul4}

viaeZ2

143
t1aa
1) 48
slah
wla?y

$146% -
n1ey

150
0151

- 47 -

G IRAS (T W L) /0% e § FEGER WUny St o= ) PSKH 237 DATE

Le00 FHHMAT(?AqF7;%-5%91H§9100“191h*)
b5 CONTI o

GO TO(fo949),1KK

20 Cabkbl »odE(P(ie3)eP(lel)eldl)

Call MOvYE(P(les)aP(leg)otiil)

Cubl “OVE(C(142)aC (Y ol)alul)

Cabl MOYE (d(1e2)a(lel)otul)

Call PULAS(C U {e2) e (]192) 2 193)99(194)9LA59C0(19£)9PH(19£))
Wl TE (ReHDH)

WwrlTE(o.606)

GO TU M0

39 CUNTINUE

Nu 2437 1‘19'1
TA=SUMAaN (1) v
Tr{TAsuTeltdUs) S MANG(I)=TA=361.
24872 Tr(TA, LTe-IHO.)blMANG(I)—1ﬁ+36n.
rRewiIng ? '
ROFFER [N (2el1) (Kx1eQ(lLou))
TrtIF T (d)) 193391
33 RewIND 2 .
RuUFFER OUT(c-I)(«al.NP?S)
CBUFFER OQUT (29 1) (P(10191) 96 (101+6))
Ir(IFU»IT(P))1,3no1
34 CuNTINUE
ROUFFER YT (2e 1) (Hid (Lol ) e UMANG(101))
JEIFUNIT(2) .
- BUFFER QUT(291) (FRQ(1) sPH(10196))
CTRFCIFUNTIT () ) 193240 '
32 FwbDFILE 2
RewIND 2
1 SI1GP

AO)L  FORMAT (1A1eLAs134rLAG ~ Fakd LHFREQ PERIOD . POWER (U) LNPOwWU

g9rR (V)  LiyPOwy CHSPECTRUM QUADSPEC COHERNC  PHASE MAJ
$1In - RUTeCOEFe T )

11/1

PO
™M

602 FURMATU(IH +1XeF4, 091A95(r002’1X)9E 106291 RX9F64291XsE10e291X9F60291

%Xod(t“).) 1A) o[ XerTo3ealXsr {a évﬁ(t‘)-&)’l‘913)
603 FURMAT VMY /777777777 925R33H1 11 ).
aUY FuHMAI(th /7777777772543 1ip )
604 FURMAT (1H4+930K434 ¥ )
606  FURMAT (1H+930%43 VP )

ANT  FURMAT(IHY /////7/7/7 25A910H U uP _ )
608  FORMAT VAL ///7/7/77777 25Ks10H V. Ve ' )
E b -

AAaS] FUOsTEAN DIAGAOUSTIC wESULTS FOR OUTPUT

M) FRORD



o gt

&

1

LSAST FQRTRAn(r;i)VMsos.432~ IQTEGER wuko S126
e co “'i‘-f CW o W T

LN 0001 | 'sdéRouTINE PULAR(CquXvY’L¢COHFRthHASE)
LN 0002 - DiMENSIQN C(d),u(d),x(Z)9Y(P)9CUHcRE(2)9PHASE(2)
| C e BRlabelts . s

04 i=3, i415946536 ik ¢m~" -
LiN-0005- . EPS§=1.E-1% e g
N 0006 C XYMAX=0, ,

LN 4007 Do 20 Ksl,LP1
LN'OOOH - o xv=x(K>*Y<&) o . )
LN R MAXY  RYMAX=XY
i & I 3000
1 ? LPJ 3 u

XY=X(K)#Y (K) Lo
TEUXY o LE o XYMAX2ERS) “ GO TG 30 : SRS
CORERK=S JRT((C(K)*C(K)+Q(ﬂ)*Q(h))/xY) i
JFALQUK) #2240 C(K) #82) «EQe V) GO TO "41,
'; pHASE(KuwnTNNE(Q(K)9C(K))“180 /Pl
L hee e
41  PrRASE(K)=0. |
42 CONTINUE . o '
- CUHERE(K) = COHERK C s
SR BURNN TV 0 B Y S T S S
.30» R CQHE‘ﬁE (K) Uo s e * {:_'2 L
Co TUUPHASENK)YRO. T Ay e, T TH ‘

CONTINUE , R
_RETURN ST
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NAME Specp]t.'

PURPOSE . . L
Determine correlation and phase between two vector series.

DESCRIPTION o L
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 ____ - — 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

INPOT — | OUTPUT
See above _ | Printed output of correlation parameters

by frequency band. .

SUBROUTINES USED . | - _ CALLED BY -
COspect Datal

STORAGE REQUIREMENTS ' | "SOURCE LANGUAGE

MACHINE ' , ~ | PROGRAMMER |

- REFERENCES
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NAME Cospec
PURPOSE
Selects a strategy and computes corre]at1ons between vectors based on
rotary coefficients.
DESCRIPTION v
In input argument Pvv is cospectrum of the 2 X- components
Qvv quadrature of the 2 X components
. and so on.
R1, R2 are the rotary coefficient, SA sum of angles of orientation, DI
difference between angles.
USAGE
P3, P5 negative rotary spectra
P4, P6 positive rotary spectra
C2 positive coherency, TP positive phase angle
C1 negative coherency TM negative phase angle
P6 phase angle between vectors based on TP
INPUT _ R ' ~[OUTPUT
P5 phase ang]e between vectors based v
on T, -Ang 2, complementary averaged
angle, Ang- averaged angle
Qa
SUBROUTINES USED 4 } CALLED BY "
Specplt
STORAGE REQUIREMENTS | SOURCE LANGUAGE
MACHINE ' ' PROGRAMMER
REFERENCES
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NAME DATAIl

PURPOSE . ] - . - e
’ Reads vector time series and calls total assembled programmes

DESCRIPTION. . " : - -

- Reads data, X, as two, two component vectorsschecks for missing data, interpolates
and writes data onto tape via Speak. Subsequently Calcate, Output and Specplt
are called and the program is completed.

USAGE
INPUT — | —JOUTPUT
X raw data form two vector time Interpolated data series
. series.
 SUBROUTINES USED B - CALLED BY
Speak
. STORAGE REQUIREMENTS T [SOURCE LANGUAGE
MACHINE ' ’ PROGRAMMER

REFERENCES
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ST FORTRAN(1s1)7MSOS 4,2 <INTEGER wURD SIZE = 1 PSR 287 - OATE  16/29/73

PKOGRAM DATAL

“ ‘ReAL MOOR S oo R
COMMON XMl 'ﬁXM29LAG 9FREPF\H S T e e b PP
CUMMON .NAUGsNPTS S TR A . . B S SR
CUMMON X(108652+2). - S L "’ )'-’ T
CALL ZEROV(Xs564104) " ' ' S T ‘
CUNV=ATAN(le) /45, . .. .
RtAD(S’Bl) NPTSNAGeFREPAR 3

81 ,FuRMATcetsqusxsrlo 0).

© Du 3 M=]s2

1==5 )

i 1 I=1+6
I3=1e5 ‘ ' _ " . .
' tAD(59500)MOUR9K9(X(Jyleﬁ)oX(J929M)9J 1913) tp P O e
00 115 JsIsI13 | i L | “

L SPEX(JeloM) e R ST S EE
DiR=CONV#X (Jo2sM) : = : o
X(JsleM)=SPESIN(DIR)

115 X(J929M)=SP#COS(DIR) .
' I" &1 oG’ToSlZ) GO 0 ¢ o # o ) _ T . (R _ o
I" (KOEQ D)bo TO ? : s e “ N . e e Ee S »yn,\)%_ ' "
Gu -T0 A~ o S e G 0 Faow oM '
4 WHITE(bgbOl) ' :
2 I1=1I=5 v
- NHITE(6¢600)19MOUN
XM2=MOOR. o . e LR
IP(MoEQoZ)GO To- 4-&_‘,_ ‘ S y SE
XM1=MOOR - e N S ‘
NuM=1
3 CUNTINUE : co T . - SO
IF (NUMoGT, I)NUM | . ' oy
500 FORMAT(SKeFlo0s14Xs115% IX9O(3X,F3 49F3.0)) _ ' el e s b
600 *FURMAT(1H=9/////SX9IS93X’£4HDATA POINTS AT MOORINb '
601 FURMAT(1H=9s25HTO0 MANY Dala POINTS .
c FILTER FOR UNDEFINED VALUES 8Y LINEAR INrERPULATIUN

" KaPPA=0
DU 9000 M=1s2
Du, 9000° NSTp2
DU 9000J=1NUM : _
IF (X (JoNsM) oLE 09998, 5)@0 10 9000
KAPPA=KAPPA+1
IF ((JeLToNUM) o ANUo(X(J#lvqu)oLte9998 5))G0 TO 9001
X({JoNsM)=X(J=1sNeM). o . ~ :
Gu TO 9000, . . G e Ve

9001 XtJsNsMI= (X(J= 1,N9M)ox«a019N,M))/2o [T P
9000 CuNTINUE EETIN s _ _ e Tiag e Wt
NNITt(b,bébb)nAPPA o , R ‘ -
6666 FURMAT (1H //14530H DATA POINTS INTERPOLATED . o fl111)
NPTS=NUM o : ' ' I
cabiL SPEAK(NUM) . _ ST . o - etk oan o E
C . WRITE(69603) e S L T e
603 FURMAT(]HLgaHFINISHED ) o I e
‘ WRITE(65509) nNPTS9LAGeFREPAR o ‘ ] ‘

g

e
I

SPLWN DS OL~NOINSTWNOSOD~NOVEWUNR, SO BNOUNEAWLUNFDOECNITRS WO OXINIE S WN -
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\ST FORTRAN(Le 1) /MS05 462 TWIEGER surmy S1/ZE = | P 2RT ate In/z297104

11 : SUBROUTTNE SPFaK (idUMm) ' ’
2 CuMMUN XMl o XMool P KL A )

13 . CUMMON NAUGoNPTS '

14 CUMMON X (10264+4) P (101947

)h , © CUMMON Cl10196)90(10196)9LU(L0192) sPH(101)

)6 ' N=TSENUM

)7 ' NAUG=0

)8 CALL ZEROV(Ps1919)

)9 REWIND 2

10 .. ' BUFFER 0UT(291)(AM19PH(101)) v o ' N

i1 I¢ (IFUNIT (2))1 9291 . . o e . P A T
L2 2 CONTINUE - ' ' R » '
13 EnDFILE 2

14 . REWIND 2 _ - . . ,

1S \  BUFFER ,IN(29 (XMIaPH(lOl’) R - e

16 . KANG=IFUNI T : L .o RS
17 1 REWIND 2= , S . I T T P RS I
18 ’ RETURN : ‘ ’
19 EnNnD '

USASI FORTRAN-DIAGNOSTIC RESULTS FOr SPEAK . . " ..

N _ERROH.S

1051 MIN

DATA POINTS AT MQORING. 00000000

POINTS INTFRrOLATED

; :
: R 2 TEL. 0 . 3 S,
§ A e TN Co R om0
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" APPENDIX II

Programme Listing for scalar-vector. correlations




LA DATE

- 64 -

NAME Salcate

PURPOSE — - | 2
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 1

INPUT - — | OUTPUT

X vector contains a
scalar and vector time series

SUBROUTINES USED . TCALLED BY
S Data 1
' STORAGE REQUIREMENTS SOURCE LANGUAGE
MACHINE " | ‘ PROGRAMMER

REFERENCES
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'annm(lQly/Msos 402 1.TFGER WLRD SIZE = ) PSR 2a7 - ‘;DATF 11720473

[ 3 At . . VR
TR R e T e ) SR ‘S; .

@ --uvoram saLcate ‘ |
¢ %uALAR‘- VECTOR rI-E SERLES CORRELATIONS

C()MMON NAU(J’NPTS . ..._ : ' - Fr U e, Aoy AR “: "h .
COMMON X(102693).~(10193) , ' i s
COMMON c<101.?)9~(J01.3),un(101),vu(1n1)
2EWIND 2 . ey
RuFFER IN(291)(X41;PH(101)) ' PO S S S
T»(IFUNIT(Z))I.Z 1 _ T B
2 CONTINUE . - - . ‘ W T P ST E R
weITE(6, 753)N°TS -
751 ‘-’uRMAT(lHleIS) _
0 ITE(657T01) XML 0924146 ' _ ' L .
701 FORMAY (YHY//7/741 TH MOODLNG NUMBERS sABehH AND . GAB// /4 CeE Thu
$Sr- LAG=y14), . - s : - ;
Call . SPECTRINPTS:
1 -QrNIND 2 :
: sroP
£nD

T
8

FOaraAN. DIAGNOSTIC.RESULTS FOn SALCATE 5 0 - -

s

TenawS
LN

¥
.

PRe
t
RS




JRTRAN (1,10 /MS0OS % o2

e

SBROUTENE SPEC T (NUM) -
»CUMMON XM19XM29Lﬁb:" 9FRCFAR
COMMON.NAUGQNPT<« " ‘o
ranom*x(lozs, “ : ; '
COMMONC (10193} ~ (10193)aCL(191)~PH(101)
WNITE(696699)XM1 X2
ABGD tuRMAT(lHl9///HX.A895XoAc/////)
I H 3 : , . , ) . ‘ .
B0 'ruNTINUE o
call FSCRANT:
rRFRIND 2 : o e ' . .
ROFFER QUT(291) (% 41»PH(1U1)) ' : o ' ST
AIr(IFUNIT(E))Qﬂl 9025901 o I o w1
907 ENDFILE 2 . "« "% $. v “ R ‘
o RFWIND 2 . N A o
‘90 ] ’ QFTU RN RO EP A < Aeoww Lo G i P
F_. .\‘.D - ‘ L . . : : J,‘ +

o

9NUM9LAG9Pﬂvu 9PH 9'*15KIP,NCH,C,(‘) “"‘A ®

Lannl

SO FDEORS

LED S TATEMEN
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(1.1)/MS0S 4.2 I~TEGER WUso SIZE = 1| PSR 237 DATE . 11/2973

e

@ < 5R0UTINE FSCRA- (X NPTS 88, PyCOHsPH, [SKIPaNCH.Cr@)

1245

134

V3%

14

- DIMENSION X (1036, 3)9P(10193)9C(10193)oQ(101q3) con(101) 'E‘u, S
DIMENSION PH(101) | | - S

COMMON XXX o XXY 4Lt L ,FHLPAR
CUMMON. NAUGKTT! K

PIMENSTON S5(513) . AVG(3) 99AR(3) ¢SUM(3)
K29

| »=6 - B . P S L
RITENPYS o oL R
NePlangel - | : . e

T# (ISKIPJEQL1) GO TO 450

1=U=0 ’

N 135 TCH=1 oNCH

call AVVAR(X(]-I H),NPTS9AVG(IC4)9VAR(ICH))
IF(ICH LTe3JGO" Fo- 135

[N =3

FORMAT (/7 30H MEah REMOth FHOM EACH SERIED 3 I
CuNTINUE :
N 170 TCH=14NCH -

Call TAPER(X(Lel ) ¢NPTS)

weITE(LP S 180)

"CONTINUE
D 200 JCH=1oMCH -
Call 7EFILL(X(197CH)9NPT=9M9NAHG)

FORMAT (/7 44H CO . INE TAPth APPLIED TO ENNSE OF rACH SERI S Yo n e g

......

Neats

iy

"- ?‘QI TE (LP ° 180) o~ . ‘ ' st e PR . . “ U 4:“ R .
FORMAT (" /99%9134 4EAN- 0 3X4HVAR 519X 9 4uMELN, BXy4HVAR -4 .
FPLL1IK g 4HMEANgR X o . ©IVAR ) 7))
. '«ITF(LD913O)(AV‘(I)qVAR(I)ol Te4)
r;HMAT(?Xq7HX—CJ P e2FE11e398% o THY- cuwP92tll.3 SA,4nxP CUMPg
428511, 395X98HYP~CPMH 2E11, 3).:- sh o
CoNTINUE o s o
D 145 ICH= I,MPH
N 14 T=1NPTS
A (lgICHY =X (T ICHY=aYS5(ICR)
CouNTINUE '
AvG(ICH) =00
CuNTINUE NS
FaC=z,9% N
nrL=0
huL=Q
niks= 00 . . - L . L . .
N 146 T=2R9NPTS ERE ST T e
HElg= FAC*DtL*.GRex(Ivl) o : : ' '
NrL3=FAC#NAL+,05:X(142)
HrLA4sFACH*DIL*.0%5 " $(13)
¥ iI=1lol)=x(I=191)=~nEL
Xtl=142)=x(I~- 1.2 =AL
X(I=1s3)= x(I 193\-)IL
NaL=DEL3. - : = N
nil=DELSG
NeL=PEL? - ' :
mfITF(é P%)((X(T,l)eJ-Ioﬂtﬂ)ol 19100)
'RMAT(3(1K94F]0 3)) ' , .
W*ITE(LquSU) K ' e R
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210

220

260
11%
270

290
360

- 2RDE

460

CONTINUE o, . i

CONTINUE

NrBPl*NEB+&

by , :
.CuLL XSPEC(X(I;%\9X(19319N€B’C(193099Fh&3)9ma)

bJMQZ 0.‘ S %
$:1MQ3=0, '

- suMC=sumga T Cep g
o MRITE(6,56O)SUM(1)9SUM(2’9€6Mﬂ3)9SUMCa%@§@“

H“NRITE(6956O)SMM(’395“"(2)9SUM(3)95ﬂMC95”ﬁ@3 T
FHRMAT(/ 4H %UM 13X96E1603) N . : '
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~TEGER 'BURDBIZE = 1 I PSy 2aT [ IDATE 117207731

T (NAUGLEQeNPTS) GO TO 2¢0 )
S ITE(LPo210)MPT s NAUG .
FORMAT (/7 364 EACH :EHIE: AUUMENTEE BY lEROb kﬂﬁﬁ 1598H$

bi’wwﬁvm) p

Ll RLFQRT(X(]c')ed*l959HQTFLRR)

N 270 TCH=leMCH

call QLFORT(X(\Qf"ﬂ)9M¢1959-3vIFFRp) A
IP(IFERReEQgQ) Bn TO 270 % . iﬁ{'*‘ @
quTE(va?bo,ﬁIFtRR,ICH L,
HRMAT(ZZH FORT‘FRROR IFLRRICHS 2¥4) -

~e TURN '

nFB= NAUG/2

CakL PSPBC(XWl,I»H),NEBval.Icn).ms »
Ny 290 I=1sNBP]
P(IsICH)-P(IoICH)*FLOAT(ﬁAUG)/FLOAT(NPTS)
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MOPL X = M - 1
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S(IC)*CFACT
Al €1y %:
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Dw 100 1= J.ILAST,!ExP
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Meel=Mel
N 100 INDL I,MPI
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1x82x8%1.00 - o o e
TwBJMINO(IXBbN) EE T - S ‘
1 XBIND-IXB'& l D o f [ ."f’, ' ;3,_. ’ S .o ~.‘;v$f?v
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. pooGRAM SUTPUT
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COMMON "XM1 ¢ XM2 41 A6 ,FREPAR . o ]
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an . PERIOD=0, oo 0 oL
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1F CIKoLE 0l 00 o aND o JKaGESL) PLOThN(JK)-lHC
IF(JKoGToIOO)DLOTLN(IOn)‘]H+ » y . |




- a1 - . . o %

FTR2% (1 L) /MSOS 4,2. INTEGER WORD STZE = L 395313971 o pﬁTg-tnflllg?/7§5

. Ir (JKoLTed) . PLOTLA(]) = 1H=
W ITE (619 1008) PERIONSPLOTLA
Lann  FuRMAT(2X, F?.?,ax.lH*,looal lh#) - 3 L L |
1 conTINUE < o L eel oS -
W TTE (A4605) S Lo e s v .o
i“lTF(fDob)6)
39 ConNT INUE
RewiND 2 o ' . : . )
AOFFER IN(Z 1)(XM190(10193)) : L - s E L
, TP(TFUNIT(Z))19?391 . L . e i
23 REWIND 2 ¢ . E SR S
RUFFER. OUT(?:I)(XMl.NPTS) T |
RUEFER QUT(2e1) (P (1 91) ,N(101,3)) '
IP(IFUNIT(a))19?49] ‘ . L ' . L
34 CHNTINUE R B S ' e A e T
uuFFERJQUT(Zgl) (PMM(I),SUMANG(IOI)) S , e
JRIFUNITA2Y 7 oo | P
INFFER ouUT(291) (FHU(1)9PH(101)) . T
Tr(TFUNIT(?))1-3?9]
a2 FoOFILE 2 . .
REWIND 2 ‘; &_']* RN o ,
1 SIUP v
601 FHRMATGAHIE‘ﬂ134HL°G 'FREQ” LNFREQ panrou PquR(Z) e Poth(U) ,
TPOWFR (V) h CUSHtCTRUM QUADSPEC COHERNC PHASE : HAJ M
S R RT COEF T ) L
607 FORMAT(1H 91XsFé4e09al%X93(=6e 291X) ElOo?olxotlb 291X9E10 Zo'gl L
‘ ox.?(ﬁ9¢2,1X),1x.=7 391X9F7.?93(E9o2)91X9I3) o . . - ,~-" SR
n13 FORMAT.(1HI 171177777/ 925%X+3H U Yy = - ' o Y
605 UHMAT(1H1 7/////////’?Stq3k up ) L . T
P04 FORMAT (1H+930Xg3H ¥ )
60e  FORMAT (1H+930Xe3H VP ) : :
A7 FORMAT (181 ////////// 25Xe10H U UpP oo )
BON FORMAT(IHL ////////// ?sx,loH v VP R

L e ~,4;'.-.\¢ gt 5 R - IR P, T
: . : LR o e oy E ‘ R . 3 B ALY

A,
T

CEN STATEMFNT LABELS
' e =~k 4 3
w39 . Quend i 008607 00608 i vy ¥
o g A ’ ﬂ, ) T ‘ "‘-. o 4 ] ! L S
[ . ¢
‘ ‘ . 5 . b i,
) _ i B . . v
v . S N &
. b
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HTRAM (140) /MSOS 6,2 %

QJH#OUTINF- POLAR(CoGoXsYqLoCOHEREqPHASE)

NIMFNSTION C(?)qQ(Z)gX(?)..(2)9C0HtRE(2)9PHASE(2)

!vt—L+1 L
Pr=34 1415926%36 _
CERS=) G BelS e T ey e T
XYMAX=(, o : o
DO 20 K=leLP1l
Ly=x (K) #Y (K) S
L TFUX Y0 G XYMAKY: XY
29 ‘CONTENUE!
’ Do 40.. K-leLF
Xy=x (K)#Y (K) .
TFIXYLFE o XYMAX®ERS) GO TO 30 '
COHFRK= SQHT((C(K)*C(K)+O(K)¢Q(K))/XY)‘ N
TFC(QIK) #¥2CHK) #92) GERL 0,060 TO 41 ,‘1‘
PthE(K)~ATAN?(Q(K)9C(K))*1800/PI o L
. Gh TO 42 o SRR
41 DHAQE(K)’ﬂo'
42 CONTINUE g
FuHFRE(K)‘COHFQK ; R
) - 6u T0. 40 G Lo Aol
30 'anFRE(K) 0 ;‘ g N
HA‘;E(K)-O° - o l_ o 4 ' ’ B
419 CONTINUE N R |
" RETURN. o S
“EwnD '

[ FORTRAN NIAGNOSTIC “RESULTS: FORPOLAR |
My FRa0<S -
ks 5

e
Hon
L i
¢
’ x i b el
-
e gl S5
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i
3 =
N N

INTEGER WORD STZE = 1 PSR 287

e
Rt
"y
EAR P ESY
R
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1IRTRan (] .1)/MSOS4,?

’

. INTEGER .WORD SIZE .=

Q ' FUNCTION KANGE.(N)

S Ir(NeLT4360)60
oG TO 2 - v
11 Ir (NeGE, O)GO TO 1

T0 11

&

G T0.3 -

] KAanGE=N -

Rr LR

Nan=3610

6Gu 10 o,

3 MzNe360
GU TO -5 =y,
b '

s

i FORTRAN NIAGNOSTICY

cla

1 ESRARS

s
e
3
ma
S e
S
&«
e

RESULTS FOR. KANGE

"’ i
i
i
,
e
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COTRAL (T e )Y /MSOS. 4,2

-y

FUNCTION KFIX(X)
CONVE=ATAN(L,) /45,

X=x/CONY, " . . ¢
KF1x= IFIX(SCN(X)*(ABS(X)+,5))
RE TURN V - \
; F )
{ FuRTRAN NIAGNOSTIC, stuLTS FOR KFIX \

(2

MY FREOS




FORTRAN NTAGNUST

¢

1

!

FOUNCTION sSGN(X)
TF(XeElall o) 30 TO 2
SEN=X/ARS (Y)Y
RETURN . . ... .
SGN:"GC;.“? s iy
G0 70 )

Fotn)

o Cde

a
4

Fln(ns

.
. PR
¥
s
4 fa
1 B
1 S
“
L
%
b3 4
o
Doy gk s e
o
A
) s g
N
.
|
. .;
h . : J

19

€ RESULTS FOR' SGN .

.

U

o
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JTRAN(12 11 /MSOS 402 INTEGER WORD SIZE = 1. - PSR 2874

UHQOUTINF NF&CTS(PU PV9°UV9QUV9MAJ9MIN9QPvAM,THETAgRC9PP9PM)

REAL, MAJo™IN
RC==24 #Qua/&PU PV)
P-—.ZS B L ¢
PME 258 - (2»*PB¥2»*?V~4’*QUV) s LT = WERR :
L\V:qQRT (Pp) . ., B Se ¥ O | B
A4=SQRT (P#) ’ - » .
ThtTA—oﬁ*ATAN?(2@*pUV9PU‘PV)

MAJ=ABRS (AP2AM) i i . ;
HINSABS(AP=AM) |
p F T‘ ’R’\’ <y -:'-' B _ » [ERNI = o003 }-:N "
Fnii) ' ' o '
. L e ol , -

' FORTRAN. NTAGNOSTIC RESULTS FOR WNFACTS " -+~ ner o ¥

. P L o e T ’ el
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PITRACH(1 .1V /MSOS 4,2 INTEGER WORD SIZE = 1 PSR 287 - 'DATE - 11/26/73

i 4
e

@ PaocRam SSEcPLT

r S(AOAR - VECTOR TIME SEPIFS CORRELATIONS o )
CUMMON XMLQXM29LAG s FRFEPAR - ) A et A ‘
CUMMON *NAUGHNPTS ; . e RGN

COMMON P(lOls%)9C(10193)90(10195)9PMM(101)9PPP(101) L
COMMON DANING(101) s SUMANG(101)
CoMMON FRO(101)

INTEGER PLOTLN(102)

ReEwIND 72 :

BUFFER IN(25 1)(xw1,mPTS)?;

A FFER Iv(2,1)<P(1 .1),n(10193)
RUFFER IN(Z.I)(Pmm(l)oguwaNG(IOI))
TFUTFUNTT(2)) 14241

1 Wi\ TE(64600) - S ‘ L . .
600 _FnHMAT(IHloﬁH&RROH ) : ] ' ’ o o
2 Srue :
? CONTINUE . - *
leTE(bq7”l)X419XM)9LAG ‘ : , R
701 UHMAT(IHI/////olIH MOORING NUMBERS 9ABsbH - AND 9ABy///
5+ LLAG=414) o ‘ S _
LA=SLAG+]l ) - L T

Cabl ZEROV(FRN;IO])
Ny ] I=1eL1"
IF(T.EQ1YGO TN 173
A=F| UAT (1~ 1)/FIOA1(LA6)“.R*FRFPAR
Fe(I)=1o/sA"

123 CONTINUFE - '

: Cual| CO%PEC(C(T,I).Q(I.?).C(Io?)oa(lol)oTPPyTMMqDToPPP(I)9PMM(I)9
»nuNTNb(I)gP(Iq])qP(192)9P(Io3)9C(Io?)qSU4ANG(I))

Thiy FORMAT(1H+013e2XeF662)

\-]-1 .
C WRITE (A, 700)K9FHQ(I) : o L
5 CONTINUE | “
5501 FUKMAT (LH1) - S S N
T 1TE (645501) g - 'f' | s . S

WRITE (Ae118)
112 FORMAT (1 X 94H%AND’1X96HPER10092X93H09002le3H0 3921X93ﬁ1o0’1X94H'180’20X93
' 149020Xs3HN N9 20X s 3H150) | , |
DO 15 I=15L1 . ' o L
caLl BLANKV(PlﬂTLN(l);lD?) i : ‘ E :
JK=P(191)%50.+.5001 1
TR CIK o LE 050 g AN o JK o GF .I)PLOTLN(JK)'IH
K2R (Le3)#3500e 5001 '
IF(JKalLFe50eA%N o KoGE o l)PLUTLN(JK)-lH-“
PLOTLN(S1)=1H# : A 4 . .
K= P(162)925,/1804477, 5001 SRR A~
PLUTLN(77)-1Ha ’ Y o . :
TF(JKoLEe1072e AND o JK o GE, Sl)PLOTLN(JK)-IH¢
JV\'—P(IQZ)“?Se/]B‘)nQ‘??o‘;
, TF(IKeLEo1026AND o UKoGE4S1)PLOTLN (UK) =1H~=
’ WHITE (6410000 9F~ Q(I) sPLOTLN
rnn F‘HMAT(IXQIQ98X9F7 191X 1**9107A1 1H#)
le CONTINUE
WHITE(64118)



- 33 -

JHTRAN (1. 1) /MS0S 4;2 INTFbER wORD S1ZE- 1*} PSR 287. . DATE. 11/26/73f

N

WITE(645501), - P L .
WeTTE(64119). - | ' '
11 LHRMAT(1X9+HBAV091K 6HPEHIOD92X94H—1809IBX94H~900923X93H090921x93H909921x°
Yreel 1 XeaHi80,) ;
Du 16 I=1eL1" o B S ' B
Cutl, BLxN«/(PlnTLM(l)slsp) '

JREBPP(] ) #5(,/1804+50e5-1 . , . )
PrOTLN(76) =1 H, o eae
PLOTLN(26)=1Hs ~ =~ = R .
PLOTUN(S1 =1, g " o
Tb(lK LFal0leAND,JKs GE I)DLOTLN(JK) 1H+
JREPMM (T . ) #50,/180045005%1
TFUIKoLE s 1016 AND ¢ JKeGEL 1) PLOTLN (UK) =1H=
K= 500/180, “#C(1s1) +50,501 ,
IF CIKe LE 1010AND JKo CE.l)PLOTLN(JK)-IHC ‘ o e,
CUKE 50./180, CeQ T3 +506501 M S
IF (JKokF o101 eAiND o JKoGE o1 ) PLOTLN (JK)=1HA - o . I
walTE(ﬁgloﬂo)IqFR (1) s PLATLN .
14 CONTINUE N .
wulTE&b,llQ)_. .
REWIND 2 ‘ o l
. A TO 3 T S : o A . L - T
[ FoRTRAa~n NIAGNOSTIC RESULTS FOR SSECPLT i o .
M) FRRN=S W
'E & R4 ; Cia
%
\ - .
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DTAn4(1.11/MSCS 4,2 INTEGER WORD SIZE = |

-25

17T%eSA)
pl—rZ*os : '
1“00/3.14139?65

DAPXP .5# (PUUSOUVL) -

NAPAP= 5% (PUV]=-QUU)

NAMXM=,5% (PUV1+Miy)
PAMXM= 8% (PUU-QUV])
TPP--ATAN?(QXPXP PXPXP) :
TaM= ATANZ (=QXMXMsPXMXM) # (=1o).
NA=0OXPXP

31 =QXMXM

Pi=PXMXM

P/-PXPXP .
r]_(PI#Pltﬁlﬁﬁh)/(Pz*PS)*
: »-(PZ*P2+62#Q?)/(P7*P6) ‘

A== o SRATANZ (N2 4P ]~ QI*PZ,P)*PZ*Q2*QI)*C
TM—C*TMM oo o é
Te=C#TPP ’ | !
TUS(TPmDYL) i o o s .

Tu=(DleTM)" ' T

15 (ANGeGT o0, )ANG?-ANG-IBO.~

TE (ANGeLT40, ) AMC? ANG+180.

P IU=ANG - . E
QUVI=ANG2. . . N
Po=TLe o =y e :

Pe=T0 . w4 ;‘a'.‘\

I4TLe GﬂolBO )Pﬁ-TL-360o

TE (TLelLTe=180,)P6=TL+360,
IF(TOcGTQIBOQ)pq Tn°3609
IF(T0eLTe=1804)P5=T0+360, :
WWITE(69600)C?QTP9C1 TM9969P59AN620ANG

a0 FMHMAT(IH 911K

2 L Y HCsr=oF 5, 292Xo8HTHETA++-9F6 192X94HC-~—9F5 292X98HTHET
10em=gFb6ol s 2KsSHANG+=F 641 4 5HANG==9F6 o] 92Xs LOHCOMPL ANG=sF6,o1 1x,

24HANG=9F6.1)
RETURN -

PSR 287

. . v . : :»1‘.
i) K z . . g:%
|

i FORTRAw NTAGNOSTIC RESHLTS FOR COSPEC

0 ERRORS

T g EPR v Sk

CF ) Lr»rmeNT LARELS

MIN

~ DATE

°JHPOUTINE COSDFC(PUUQQUVI,PUVI9QUU9TPP9TMM90T996,P§9DI9C29TP9C19

\’3

oo
, e
< 11726773

] ° .
a v
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URTHAN(1.1)/MSOS 452 INTEGER-WORD ‘SIZE = 1

81

_T=FLOAT (489)%PTxgl | =
‘T4=FLOAT (7% ) #PI%s1.

TPSFLOATASH#J)#RI#a1 .

- 90 -y

PHROGRAM - SDATAl

SCALAR = VECTOR TIME SERIES CORRELATIONSW

PEAL MOOR -

COMMON XM1eXM2oLAG +FREPAR

CoMMON NAUGoNPTS

COMMON X (1026430 }

C“MPLEX I9UgV9W19#2 yH3 W4

PI=361415..
L. COnNy= ATAN(l ’/450
REANASs81) NRTSs1:AG.FREPAR.

FORMAT (2 (5X515) 5F10.00)
T=CMPLX (0g9l0)

wi=CEXP (I#CONV#87,3) , |

Wa=CEXP (. I*CONV*?D.), o -
pﬂﬁ-‘. CONV*I%I« T >
PH3=E o CONVE1T W

W2=CEXP (I#CONV# (=65,))

WISCEXP (I#CONV#T0o5% (=1s) - )
Pra=CONV#*]130e : ,
PNy J=191024 & © e e

T3= FLOAT(6*J)*PI*a1

_TI-FLOAT(3*J)*PIﬂo1

TS=FLOAT (8#J).#P 14, 1,_"

=1, O*COS(T)+1*SIN(T)
Hmyewl . ‘ .
U=Us (1o aCnS(TE)-I*SIN(TZ))*N3

U=Us (1o#COSITI) +I#SIN(TI)) #us

= U+(1o*CQS(T6)-I*SIN(T6) s
u=tis (5, GCOS(TI+PH4)=I*SIV(TI*PH4))*Nl

. PSR 287

U=t (14#COS (T4=P33) =TRST 1 (T4=~PH3)) #0Y o

=Ue o I#RANDNO (1)) #CHMPLX (0 s10)
= U#ol*ﬁQNDNO(O)*CMPIX(leoﬂ )
V=l,48C0S(T=PH?)

V=ve+2, #CO°(T1)

Enn
R S

= V+2o*c05(16+pH1) A ST
V-V¢402*C05(T4) . . . . &,
VY=Ve3, *C04(72-9H3) : oo
V= v+.1wRANDN0go)*cmpLx(ooglo, o
V= V‘ol*RANDNO(O)*CMPLX(l.,0,) _
Y(Je2)=REAL (U) _ D
X (Je3) =ATMAG (1)) o o
X(Jel)s REAL(V) . e BT
CONTINUE R o Ve
Cabl. SPEAK(inp4) _ | o
STOP : o o L

‘g

?%ﬁﬁé 7

'
-

TRk

LA e

B
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l
- | f
17TRAM(1.1)/MSOS 4,2 INTEGER WORDSIZE = 1 PSR 287  DATE 11/2 /73

i ' . : r‘..‘f" L
. . . 3

'.fﬁ"f .

@ 5 rROUTIHE SPEAK (nuM) |
COMMON XM1eXMP LA~ oFRFPAR
CoMMON NAUGoNFPTS o o
CHMMON x(lO?o.?),ﬂ(]0193) R : - 4
C11MMON C(1019?)-Q(10193) r0(101r,PH(101) L e
e TSENUM l -
NANG=( ' !
CcaLL ZEROV(F,1212)
REWTND 2 -
JUFFER OUT(Z,I)(Xml PH(101)) o L e
: IP(TFUNIT(Z))I.Z;I , _ _ S e B
[ CONTINUE - . : . o
FwOFILE 2 . - b o : o L
REWTND 2 " - . . A S
BUFFER IN(2, 1)(XM1,PH(10])) o L e SR e T
| , KANGJIFUNIT(?) ’ e . o : S A
LI RFWIND 2 ° fs
| RETHRN ,
Foal B -t

1 FORTRAN DTAGNDSTIC RESULTS*FOR SPEAK

‘30 FQanS ' . . .<, ; » . ’. . ; . ‘ o :‘.‘::,m . '~,i-f ) . It - :;:\

o ! o . ) !
. ‘ AT ] . . R . N H e it
MIN . ' - s . : ST e Ey i
- i e - - ' i . wW ‘«’4?;‘;; _ s C e

@







