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ECHO GROUPS SORTED FROM RADIANT CONCENTRATIONS'JANUARY TO DECEMBER 1961
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Appendix 1

The Dcriaøtiort. o! tlw llcl¿o Ratc as a tr'uncti.ott, of lhc Zenith Angle of ø Source

The notation usctl in thc pftpcl is a,s follows :

X is thc zcnith anglc of t poittt radiant,
z is thc zcnitìr anglc of a lelloction poittt,
Z is thc zcnitlt anglc of thtl cc¡rtlo of a source of radiants,
õ is ttro rninitnutn dctecttblo power at thc rccciver,
øo is the lirniting linc density, i.c. tltc linc tlcnsity of a barely detectable

eclto,
P is tlìe pcak pulso powcl' of the'tlansnritter,

G^, G, are the grlins of the rccciving autl trlrnsmitting antennas, respectively,
oYer an isotropic radiator,

ì, is the wavelengtlt of tìro transmitted signalt
. .R is the rangc of the echo.

From Lovell (1954) we ltave:

- af;P?*Gr'"
-=-{zn R"5 ' lezlmc2)2 for Lovell-Clegg scattering' (3)

and
, 

'-W# þzlmez¡t for persistent scattering.(o : dtl 
5{zsö.{1"

For the l\Iawson equipment, (G^Gy)¡¡sr.:43.

The above two formulae give rise to the eame co at ao:1 '1'? x 10rz electrons/cm'

assuming that the transmitting and receiving antennad are normal |ì' dipoles.

From (3) antt (4) a table of ao as a function of G^G* and hence of the zenith angle

and. azimuth of the reflection point, can be prepared. This table is not repro'

d.uced here.
. \{'e now v-ish to frnd the variation of echo rahe, F(ZI, with source zenith

angle Z, for any source for which the radiant, density is a function only of e,

the elongation of the apparent radiant from the Eource. Beferring to Figrrre ] t

if á is the azimuth of arc e lromarczrwe have cosT:.sssff cos efsinZ sin e cos'4'

a etandard formula of spherical trigonometry. I

(4)
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'We must cvaluatc the intcgral

r'Ø:l!:"[i-"un"*)Ð(e)ti' e' (õ)

whero D(e) is the density distribution function of any sourco such that .D(e)
is independent of ,4. rn practicc, thc limits of integration are detcrmine{ by
/(1) becoming zero for a rad.iant below the horizon, i.e. for 72g0", see Figule z.Ba.
Tho integration is performcd as follows : For given z (at 10' intervals) and e
(at õ" intervale), compute 7(A) at tOo intervals of azimuth A. 1(/.) is then
replaced by the equipment responso function, /(x), discussed in section 2. !.Now
integrate the tables of .f(r) with respect to angle /.. îhis is the contribution

ZENITH

Fig. Â1 .1-1l¡" geometry for the cornputation nequired to obtain
the rate variation function F(Z) frcrn the equipmenù ¡eEpons€
function tQ-l; for I sourco whoee density ie dependenù only on
the elongation c from tho eourc€ centre C. / is tho azimuùh
variablo for the integratio n , Z t}l,ø zenith anglo of the sou¡ce contro,

and 1 the zenith angle of the element of radiant area.

of each annulns of given e (Fig. 1) to the total rate. The area of each annulus
of width de i¡ 2ï sin e de, henco the contributione of each annulns must be
multiplied by Ð(e) sÍn e before srrmming over e ; wo then have the echo rate ae a
function only of Z, i.e. I(Z).

'We ehall now briefly d,iecuss tho denaity'ttistribution iunctions -D(e) used
in-theee calcrdations. For the apex Bource, D(e) is an empirical function itesigued

' to fit the radio results of \Meise; it approximates an isotropic heliocentrio
d.ietribution of meteors of velocity õ0 km/sec. Thi¡ velocity is hyperbolic and.
undoubtedly much higher than the true average velocity of ,eporádic meteors.
this intlicates that the d.istribution of radiants ie not isotropic, and that the
majority of orbits aro in fact direct. Ð(el for ths epox Bource is plotted
in Figure 2 , t'ogether with the density function for tho Sun and antisun Eounces,
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the density distribution function for the Sun and antìsun sourceg wag

chosen from a compromisc of Weissts fatlio data and an approximation to the

visual data of I{awkins and Prentice. Onco again, we have assumed radial

s¡¡mmetry about, tho centre. The radio distribution is a little broader than the

6.O

a.o

2.O

t.o

o

o.5

o.r

Oo tzoo r5oo l8oo

Fig.Al .2 --ry¡¿densiùy dietributioncfunction D(e) ploùted against

. the elongation e from the eentrc of the eourco' /, apox aou¡ce:

8, Sun and enüiet¡n aour,ces, bas€d on radio reeult'e ; 7, the anùisun
' tource, based on vieuel r¡sulùs'

---- ----vieual rlistribuiioí, but the differqnce is not significant. The peak tleneity of

radiants per Bquare degree of sky for the antisun Bouroe wa8 giYen by Eawkins

and preniice tã be 1.5 times that of the apex and is shown as such in Figuro 2

The value of this ratio has been'd.Íscussed in section2.!.

3Oo 6o0 9Oo
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APPEI{DTX 2

EXACT SOLUIIOI{ OF SPACED SfATIOI{ PROBT,EI"{

' Gonsfd.e¡r the case illustrated. in Figure 3.2t vhere

one outstation is on the transnitter-naln reeeiver axls"
Shlft axes to P and. ¡vrlteo

X=x-(""

J = S-Itpo aaa (r)

Z = Z-II]|Eo

To d.eternLne À as a..fi¡nction of e1 : coonclinates d Pf

are X1r Y1r ZLt such that

{ + o2oL el+ 11

fn tJre ner¡ syatern the coordinates of T, Rr anct P¡

aao (z)

FêSpo

are -d-
-nr
-nr

!oo
o

b-.(.r
-mro

-TTT3o

o Àel

þet

ï€t
,

o

TPt I at+Éo* el+2d./ro+2\,e¡d+Ze1no( ll+nlr*rrr) ] 
å
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... ß^¡

. ?. (æ)

aaa (4)

c.. (Za)

o¡o (¡¡)

aaa (6)

tï¡rite D = el+r2o+az+2d.(.ro

I{ow I 1o4, thenefor.e can neglect 4 o !

D = {+d2 +Zd.lro

Sirnil-arl-Ï B = n2o+t2-2b,Lno

From the geonetny of the angulan blsecton AoPor lt can
ieasily be- shor,'¡n that

hence

ro ¿( .(-\+n¡t+mt) = -gÀ

rP1= t D+2e ¡ À( a-q)

now or(e¡) = lPr+PrR,

l

!
2

ana PrR, = [ n-rrrlr(l*d ]

rlD.,(e . ) ,

and. ' =0at€=€1'de

1
2

7

Differentiating the sum of (5a) ana (¡¡), a¡rd introducing

the notation
C[=
B=
T=O=

b+q.
d-q
d+b
d-b

aaa (;)
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we obtain a cubie 1n À

2yetog.\3 -r(D.ø'-BÊ ).À"-2e ¡ (ocx+gp-yel)\+el (o-g) = 0
I
(8)

In practice the coeffÍcients of ?r2 anil À are usual-ly much

greater than that of À3 and. the constant, hence the valrre

À e 2e¡ (nq+ng-ye1 )/ (w" -BÊ,)

aaa

aaa (g)

provides an lnitlal approxirnatlon fon the sol-ution sf (B);

To determine p,as a fi¡:rction of e2: as Ln equation J,
d.efine

C = r2o+ca -2cmno o o'. (:"¡

,i anù Dr= lPr+P*Z

I o+ec2r(¿-q) ]* f c-ze 2(Àq+pc)+

Dlfferentlate as before with respect to er r¡sing

= O at e - €2

]å ... (ro)

... (1].)

and. dquare eaeh sid.e of the equati'on.

(rz)Tfriting Q = D+2e¿\B aaa



Append.ix 2.1
ve obtain a guaðratic in P

239

þc't-r'+zcl ÀqÕ-er(n-:,f {f ) ]øno(Àq-ur)'-(C -2e2:,ra.)(e"a¡B¡" = o

.o- (r.5)

?-.2 An Approxlmate SoLutíon to th9 Spaced Station Pnoblen.

this rzas d.eveloped. by TJornis of Arrnstpong tYhitworth

Àircraft Ltd. and communlcated. private]y to the author. In

its original forn the tnansrnitter T was iaken as origin,
but the solution presented. here has been modified by the

authon (C.S.n.) to use the rnain receiving station Ro as

origin.
Frora the property of speeular reflectlon the path

of Po must touch a sphenold. with focii at rT and Ro. Using

the notation of Chapter 3.3t the eguations for the' spheroid,s

L, which. the trail must touch referreil to Ro as origin are:

Lo(xrvr z) = (x+do)" (r-ei) +f +f -Éo(r-ei) = o ... (lJra)

L¡(xrv, z) = (x+do-dr)" (t-"1)+f +z'-p1(:.e? ) + o .. . (14b)

Lr(xtv tz) = [ (x+ao) 9o1ø+(v-c) sinu.- ]' . {r-""a)*[ (v-"") cosø-
2

( ) sinø l +t-pï(:-e'r) = o

where ta¡cr ='e/d.o

... (11¡e)



The cond.itions on l,r¡.r,rv in orcren t\at the trair rnay touch
these thnee spheroids at po(xorF orro), pr(xo+À.1., ya+ll€ t,
zo*u€ 1) an¿ Pr(xo+he z tyo*pe 

" 
tzo*u€ 1) ane

?\* [ r,r(rr) ].rr# [ rr(rr) J.& [ rr(er) ]

240

=O

for i - o, l, 2 ..e (f¡)

subetitution in these equations glves the nequlneit

reLationships betveen \, þ anCl. z.

Substitute fon Po

À[ (xo+ao)(r-ei) )*uvo*rzo = o

Now. xo .tto

anfl
dol

FoPo = no(

Vo = nro

O4 üoo

2

Po

(L- ß) )aaaa

or 8o= r.e+ (
do 2

) (t- l") )aaaa

hence the finst equation neads

^/ 
(r-ei)+rn+un$lo(r-ei) = o

elnilarLy fon the second. equation

... (L6)
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(rz) (16) glves

).2 Srà^f ø.frt("?-"åt{c=":, l4= o

Novr p¡ = pol ,-#.+e- !-")* ... J

,t( -dr) +d1 (v.!-" )+ .. . ]

T;tY.{;".u**^*þx,l

ni

r" er

-=O
fo

24L
. . . (r;')

r.. (r8)

... ¡u)t

the solution to the quad.ratic in )r beco¡nes

l+o no

a¡¡d. substituting

do

pooo=
d.o+d ¡

è1 = I in (rB)' ), -9.!
d.r

t
, tt

À = Àr I r- l(ar+za)/po*(t,(:,-2.(,2)+d¡doE-l¿"¡-É)/c"o

+ l= (a¡+zao)" /4o ]-n'" (ao+dr ). /p"o ... (zo)

To solve for ¡r

Equatlon 15r t - 2t gives

^lL( 
t- e", c os 

2 a) -me22 eo 
"o " 

rr.$ ( r- e2r c os' 
") 

*ff", c osøs i nø ]
* ul - t e22 s i nac o sø+m ( t- e', s in' ø ) ff! s i nøco *"-å( r- e2¿ s in2 ") ]
*r"*ff[ À" (I-e2eos" a) -'¡veTsino,ccscr+ p' (r-e'¿"inå¡-þcosc.s Lnaee2

+úl="rr/ro[ r-""r1r,eoscr+psioo)' ] ... izrl
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'rfie R.H.S. can be approximated. ¡y Fto

To d.erive ¡z subtract (fe) fno¡r (zf)

Using ep =
(d"o+c" ¡t

Pe

as er111,

-lL

(.¿ +roc)2

-?to

... (zz)
(d'^+c" ¡å

¡ vlÆ.... ]tforo

we obtaln

À[ ( t 4,,-,4,.rfl-,rftrr- l [ <.t.þ.
(/. -IItC )

ro
)

do

%
a

(r-z( ) ) .ff,'- t.cr$rr.-Jl*;'").,, ]
(.L -nc)

¡ro

+P'=o

where ¡rr = e2/e

This ean be rearnangett to the form

¡n- ro
^doA;-
'o I

.( md.o+c(r-r" )
l

o.. (ü)

l

... (2h)

Finally¡ to use the neCLundant fu¡formation fnorn equation 16

T(/.-þl (r-{,)*#m*un = o
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l.ê.

fhesg equatlons have been checked. against

Appendlx. 2.I for accur'âGf,o To the second.

they are correct to Ie-ss than L% ln \elr.

t) = - *[ ,,'*¡, t^e.þltr- frl 1 aaa

For the Ad.elald"e. suirvê]r¡ the foll-olEing numenical values are

applicable to the above equatíons:

2d-o = 
'22'89 ktî

d¡ = 2'362 lffi

c = -2.406 lm

the so1utlons

ond.en ln l/no

I

t"
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MODULATION INCREASER

ax 0A8t

600K

IN

FROM M,I.

.o:t

0.5M l2Â.f7

390K

.03

15 KC

600 .0t

680K

RECORD AMPLIFIER

fO RECORO AMP.

RECORD HEAD

l.2M

EF86

1.2M

LT 3I
swtTcH

IK NETWORK

LT3I
5XC

æ0K

.0t

IK

l" zsr(i

t
I æxi

t20K

rl(þK

Flgrrre ¡3:,1
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.APPB{D]X 3

The circuits for the ¡notlulation increasing unlt anfl the

record anpJ-lfier are shor"m ln Figure l for the 3') kc channel' Also

{n the sa¡ne unit are the tbree playbach arnplifiers¡ channel separator

filtersraniL d.etectorse the clrcuits for whj-ch a¡re shom ln Figure 2.

Tabl-e 1 gives the values for. tJrgse filters. the derooclulator low pass

flLters are in a separate chässis. The sna11 slze of the record/
playbach unit (13" x 10" x !") shor,m in Figrrre 3 is nad.e possiblo

by the use of Ferrlte pot-cores for the 3-section banð-pass fllters
ancl ¡niniature transformers sUch as the Rffi L131 for voltage

a,nplificatlon and ínpectance changing. Thirteen of these have been

useaL ln the unlt. The size coul.fl be fir¡ther reducecl by more

sophisticated cireuit layout tecbnlquès and. the use of translstors'
lnstead. of conventlonal thernlonlg valves. Tbe circrrits bave been

stand.aritlsecL for the EF86 ana fZlþ t¡rpes as mrch as posslble.

TÁ3IE ].

3-s ection Bancl-pass Filters

cu¡¡nv¡r(ao) fl(kc) fz(kc) R(k ) cr(/r) cz(lv) r('u)

L.4 2.6 'L.2 .o4og ,0665

.2.9 4.L i..2 .O@44 .0379

4.4 5.6 !.2 .@4L2 .0266

The tlisplay anpllfier antl tine ¡narker unlts empÌoy

conventional techniques. ft eboulcl be notecl that the display , :

- anplifier maintalns the DC carrier levelr h¡t tbe unit enplo¡rs

Íncreasing negative feedback (cathotle circuit) wlth ùecreasing

.- frequency below 50 cf s to reduce tle amititud.e of the cloppler beat

in comparison to that of the whistle.
The electronlc flash unit nas triggeredl by the closlng of the

2.O

3.5

5.o

318

318

318
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2mY.

EF86

IM

Ll3r

DETECTOR

.02 '-

.t

PLAYBACK AMPLIFIER (3.5 KC. )

3 SECTION BANO PASS FILTER

2X LT3r

OEMODULATOR

fc = 600 c./s
m= 0.G

636 791 636

2KC

FROM P/T
HEAO

LlSt 3.51(c

250V

LT3I
l0 oETECÍ

FROM
FILf ER

0

LEVEL
METER

t.SK T0 0ISPLAY
AMP.

-VE

2'2jt

L
IM

n0K

a x 0A8r

39M

Flgure L3.2



Chanr¡el Sepa.rator &
Playback Amplifier

Detector Record" Amplifier Figure A3.3
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trlgger of sevexal thousand. volts for the q/rc26 flash tube was an

lnduction coil d.eslgrreil for use vith miniature aj-rcraft engines.

The cornplete unit 1s shorrn ín Figr:re l.
The clual d-eIay seguence unit (n:-gure 6) was d'eveloped- from

a cj-rcl1it cleslg¡ed. for a photogfaphic timer. This circnit was

published. in Rai-io¡ Television and. Bobbles (g/çe). The sequence

ffas normalLy triggeretl by a, 24Í pulse fbon tbe wintL equipnentt hrt
coultl be startetL nanually or overrid.d.en conpletely for display

testing pruposes.
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DISPLAY AMPLIFIER
EF 86

- V.. IN FROM
OEMOD.

SIMULTANEOUS T¡ME MARKER
12AT7

ELECTRONIC FLASH UNIT

170K

+250v

i, l

22K
2W

1/1026
sOOV FLASH

fU BE

+250V

220K
t00 K

22K

2

.3

--{
TO Y2

PLATE

3

l¡lF

il(

v sllrFl

t00K

TO YI
PLATE

390K:

t0¡F

5K

t70K

220R5
2@V

.25
600v

Figure 43.4
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SEOUENCE UNIT

TO CLUTCH

TO BRIGHÍ
0

6.3V

124X7

6.3 V

r50

Þ
\J
hJ
o
Þg
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w

RI 2¡F

6BW6

TO CLOCK
LIGHT

6.3V
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I
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fhe Variation of x value aeainst w.

The following tabre l-ists the variation of the x value for
trþesnel miníma against the pb.ase angle of the ground_r,rave / f.or th.e
fiTst to tepth loop of Cornuts spi-ral. The factor TTc is r¡¡rd.erstood-
in the. risted. val-ue of Y . rt should. be noted- that if the sk¡+ave
is weak conparetL to the groundwave, a trbesneÌ minirmrrn will not be
apparent unLess y/ < O.l¡ however, a strong echo can have a
minimun as the first item (see chapter 5.2) for the ertra range
o.75 >

llhe * values for trbesnel naxirna can be obtainetl frorn the
tabre by subtracting 1.0 fron the value or Y . The first ite¡n
cannot be a. maximtrm for the range 1.75 > Y 2. a.5. trbr a strong
sk¡¡rave this range extencls d.om to 1.2J. .

For the purpose of n¡mberlng the loops of Cornufs spiral
(figt¡xe 3.1) tUe ctlvitliy¡g line 1s along Y = L.75. the phase of the
flnal sþnranre vector. .

¡{IN-II,IÀI x vALuffi (-vn)

Y1 234 5678 910
.75

.7O

-65

.60

.55

.50

.45

.40

|35
.30

.25

.000

.13(4)

.pt(g)

.y6

.43o

.508

.:8L

.648

.709

.767

.822

1.89

1.91

L.94
r.96
1.99

2.01
2.03

2.06

2.08

2.10

2.13

2.74
2.76
2.'1.8

2.80

2.82

2.93

2.85

2.87

2.89

2.90

2.92

3.39

3.41

3.42
3.44

3.45

3.47

3.48

3.49

3.51

3.52

3.54

3.94

3.95

3.96

3.gg

3.gg

4 "00
4.01

4.03

4.04

4.O5

4.06

4.42
4.43
4.44
4.45
4.46
4.47

4.48

4.49

4.5r
4.52

4,53

4.85

4.86

4.87
4.88

4.89
4.go
4.gr
4.92

4.93
4.94

4.95

5.25

5.26
5.26

5.27

5.28

5.29

5.30

5.3f
5.32

5.33

5.y.

5.6t
5.62

5.63

5.64

5.65

5.66

5.67

5.68

5.68

5.69

5.70

5.96

5.97

5.97

5.98

5.99
6.oo

6.01

6.oz
6.03

6.03

6.q
continuecl next page
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ltrNIl'îi\], X VAIüES (-Vg) cont.

1 2345678 910
.20
.15

.10
,05

2.00
1,95

1.90
1.85

1.80

L.75
1.70
1.65
Ì.60
L..55

1.50
r.45
1.40
1.35
1.30
1.25
1.20
1.15
1.10
1.05
1.00

.95

.9O

.85

.80

2.r5
2.U
2.20
2.22

2.24

2"27

2.29

2.3r
2.33

2.35

2.37

?.39
2.4r
2;44

2.46

2.48

2.50

2.52

2.53

2.55

2.57

2.59

2.61

2,63

2.65

2.67

2.69

2.7r
2"72

2.94

2.95
2.97

2"99

3. O0

3.O2

3.04

3.05
3.07

3.08

3.10

3.11

3.13

3.15

3.16

3.18

3.2o

3.21

3.23

3.24

3.26

3.27

3.29

3.30

3.32

3.33

3" 35

3.36

3.38

3.70
3.72

3.73

3.74

3,76

3.77

3.78

3.80

3.81

3.82

3.84

3.85

3.86

3.8?

3.89

3.go

3.91

3.93

4.08

4.O9

4.10
4.rl
4.12
4.14

4.r5
4.16
4.r7
4.18
4"20

4.2L
4.22

4.23
4.24
4.26

4.27

4.28

4.29

4.30
4.3Ì
4.33
4.y
4.35
4.36
4"37

4.38

4.39

4.4o

5.35

5.36

5.37'

5.38

5.39

,.39
5.40

5.41

5;42

5.43

5.44

5.45
5.46

5.47

5.48

5.49

5.50

5,50

5.51

5.52

5.53

5.54

5.r5
5.56

5.57

5.58

5.59

5.59

5.60

5.7r
5.72

5.73

5.74

5"74

5.75

5.76

5.77

5.78

5.79

5.BO

5.Bg

5.81

5.82

5.83

5.84

5.85

5.86

5.86

5.87

5.88

5.89

5.9Q

5.9r
5.92

5.92

5.93

5.94

5.95

6.o5

6.06

6.o7

6.o7

6.08
6.o9

6.10

6.11
6.12

6.r2
6.13

6.r4
6.r5
6.16

6.16

6.L7

6.18

6,rg
6.20
6,2r
6.21

6.22

6.23

6.24

6,24

6.25

6.26

6.27

6.28

.874

"924
.973

L.02
l_.06

1.10

1.15

T.T9

1.23

1.26

1.30
r.34
1.37

1,41

L.44

1.48

1.51

I.il
r.57
l_.60

1.63

r.66
r.69 -

L.72
\.75
1.?B

1.81

1.83
1"86

3

3

3

3

3

3

3

3

3

3

3

55

57

58

59

4.54 4.96

4.55 4.97

4"56 4.gB

4.57 4.99
4.58 5.oo

4.59 5.01

4.60 5.O2

4.62 5.O3

4.63 
'.044.64 5.O5

4.65 5.ò6

4.66 5,O7

4.67 5.08

4.68 5.Og

4.69 5.10
4.7O 5.11

4.7r 5.L2

4.72 5.13
4.73 5.t4
4.74 5.t5
4;75 5.t6
4.77 ,5.r7
4.78 5.18

4.79 5.19

4.80 5.2O

4 "81 5.21

4.82 5.22

4.83 5.23
'4.84 

5.24

.6r
,62

.63

,65

"66
,68

.69
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5.L
(r)
NfnÎBR

wrn¡( ¡)
pu¡,s¡(¡)

TTÏI,18

LTI}.ßT

JOURZ

LINGTH

r(¡,rg)
RÂNGE

}ILrltl[

I,SHAg

],SEÂM

SLDEG

SLT.ÍTN

SBV,SRVD

ÂPPENDÏX 5

PROGRÀÌrXS Al[D OI]IIPUT DATA

}[ain Red.uction Prograro l-65.2 Fortran Logend-: nain program

echo d-ata

echo number

line-of-site d-oppler d-rift (metres/sec)

Yo (see Chapter !)
ioã"r time (hours) -

local tine (rninutes)

local d.ate

t¡pe of echo (Love}1-C1egg or Persistent )

tirnes of d.iffraction lna-:ro ând. minlrna

radar echo range (Z t<n units)
reflection point d-irection cosinesr East *ve ancl

North +ve respec. rel. to Ad.elaitl-e-St. Kild-a

€¡rris .

(Z) occasional and d.iurnal d.ata

VARY(3) fihn reader scale factors
JOURE astronomical date

sid.ereal tine (hours) fo" oh U.T.

siclerea1 tine (ninutes) for Oh u.T.
solar longitud-e (aegrees)

solar longitutte (mínutes)

solar raðius vector

(¡) constant data
STOPE(Zf ) rA(Zl) charactoristics of Cornurs splral
PItP2r..lPJ parameters used. for d.eternining romes. .rleviation

. linfts for x/t cnr.te

PRESS(40) pïessure data froro 1959 A.R.D.C. ¡nod.eI atnosphere

GBAT sutface "re*/*rss ratioe G



.A,ppendix J.1
( ¡) co¡rstant d.ata ( cont. )
LIIOP wind- height optimization parameter

Ð(36),vE(36) "ue 
Porter (:g+g)

253

subrou-tine IIELBI.

pbase ( Y) after oPtimization

z (see órtapter 5)

relative tine of sir¡mltaneous time marker

T.tn¡s. cleviati-on from'test x/n f:-t
nurober of go steps taken in optinizing f o

*ft in+.rcept on tino axis

value of Y at calculatecL to Point
calcrllâted. tine of to point relative to ti¡ne

marker

sfope xf'l to" each trace
weightert mean of VETOC( 3)

y'" aitterence between values.tor x/n
tJl optinization ind-icatorr = I if DEV(Ð< I tto - |

otherwise = 0
number of itens ($ nresnel cycles) in each trace

subroutine GIBÍTS

reflection point tLirectlon cosines¡

racliant notation (r'igure 3.2)
reflection point zenith angle

rad.iant zenith angle

reflectioà point d-irection oosines ref' to

true N.S r âxos

' reflection. point azinuth neasuretl 'westwarcL of T.N.

rnid-point range (kn) ' :

ranse factor Jil/4
observed- (optinized-) echo velocity
cListances along trail between reflection points

range of nain station reflection point fron St'
Kilrla (rr)

Fortran legend.:

Ptrr( 3)

3ÀsE(18)

sÏ,rur(3)
DEV( 3)

trovE( 3)

rÂxrs ( 3)

roPBAs( 3)

rrr'48( 3)

vEroc(3)
vEtc
DEcEt(2)

wræ(3)

srrÀ{(3)

Fortran Legentl:

BL,RM

&RN
ïz
RZ

Rr3rRM3

flLZ

TIR

RF

vEt
wsrr2
R
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trbrtran Legênd.: subroutine GLEIÍS (cont.)
Tï,Á.1{rTl,lI'

¿€ RNEFI

ÏE
strïP

ZEN

tLi¡ection cosines of observed- trail-, measurecl in
d.irection of rnotion reI. to Ad.elaid.e-St. Kilcl-a

a^xes; RITEI,I +ve = cos )C .

height of reflectioir point based. on rwinùr d.ata

tlifference between rl¡1nd.r height and. rredund-antr height
observed rad.iant zenith angle

observed. trail clirection cosines re1 . T.N¡ ,âxsS

rad.iant azimuti¡-

wLz - B.LZ

sr¡rface areaÁnass ratio
retard-ation factors
caL crrlat ed. ret ard.ation

velocity corrected. for retarcLation
as above, corrected for rLir¡rnal rnotion

as above¡ corrected for zenj-tb attractlon
d.irectioì cosines of trai]1 correctetl for cLiurnal

notion¡ rel . T.No aYOS

rarliant zenith a.ngle corrected. for <l-ir¡rnal'notion
racliant tleclinatíon
local hour a,ngle of racl.ia¡lt

right asrcension of racliant

S ve1.o city optirni zatj:or-

= I for r0Kf echo, = 0 otherri.se.

TtÀl,f3rTlru3

R^7.

Ð^z

G

ErQ

DRAG

TEt21

YEt2

vEI,lrVGE

TLAII2TTMIIz

CHT

ÐEC

EÀR

RÂ

OPTTM

trQ

FORÍRAN Legend.: subroutine EIT'rlFlN

JOttR¡, astrononical ttate
LI4S1[E local mean so]ar tine (hours)

LI'ÍSTM local.mean solar tine (rninutes)

E eccentricity -Q

StfA seni-rnajor axis a-

E:nE incLination L

AGP argument of perihelion u)

.ÀÌú longitud-e of ascend-ing nod.e .CI

TÄ¡{ true anonaly f
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Fortran Legend.: subroutine ETLEEN (cont.)
RLG heliocentric longitud-e of apparent racliant '

Rf,T rr latitud.e rr rr rr

TLG 'r longitud-e of true rad.iant : 
-

TLT rr latitud.e " rt' ri

ÂLG t' longitud-e of Apex of Earthrs l{ay

RAL rr rr rr apparent rad.iant w.r. to the Apex

TA.L rr rr !r true rad-iant w.r. to the Apex

AE[, elongation from Apex of apparent rad-iant

TEL, tr rr tr It trtl€ 
' 

"
. VEE heliocentric-vel-ocity---
ÂIF L/"
PED perih-e1íon"tlistance

- -AED aphelion d.istance
pÈii: :lp"=ioa G3/z',
PL longitutle of perihelion

Pa,ge llsts ty¡rical cLata lnput for four echoes¡ :rumbers 523I8t

J2345t 55799 and 5599I. The t-Ir cartL inclicates the encl of a

group¡ the ttft cartl the encl of the rr¡n. This carcL is nornally
overritLtl-en by the lnput of INSTOP t r the number of the last echo.
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*Ê5 165.2 UNIVERSITY ADELA¡DE NILSSON
C COMBINED PROGRAM FOR ORts¡T REDUCTTON
G NEED SUuPIIOGRAM AZ'CHECKIHELËN'CLCruVSIEILEEN

DIMENSIOtiNSTIIór300 1rt'lST2(3¡3001rNST3I3¡300} rNSl4l3¡30O l¡ST5(3r300
ll rNST6(3001 r 5T7f3i0)'rST8(3r3C0)rST9(3¡3OO I rSTl0(300) rSTll(300) rNS
2'1121300t rSTI3( 2¡3Jv ) rSTI4(2r3001 rSTl5l2;3OQ I rSTl6í2¡3OAlrSTlT(3r30
30)rST18(30C)rST19(30ClrST20(30OlrST2ll2r300lrS122l3CC)r S
41241 3r30C t rSl25 ( 30u I rST2ó( 300 ) ¡5127 ( 300 ) rST28 I 300) r 5T2913001 rST30 I

5300 ¡ rST3I l2 ¡?OO I rST32 I 2 t 300) rST33 ( 30C I rST34 I 2 ¡3O01 r ST35 (300 I I
óNST23 ( 3oC l rSl36 I 3 t300 )

D¡MENSIONALLOW(2I
DIMENSIONSLOPE( 2l ) r 5( 2l I rT ( 3r l8 I rdASË ( 18 I rP( I8 ) rXl 18 | rS(3r71 r INDEX

I ( 3 I rSUl't I 3 ) rSI MUL ( 3 ) ¡ DEV ( 3 ) rMDEV ( 3 I r DEVN ( -? ) ¡ DÊVS I 3 l ¡ DEVM I 3 I
DlI'IENS IONA( 3¡2ll TTCEPT 13¡2I I rS IGMA l3¡2L I
DIMENSI0NDECS(2 ) rVÊLS( 3l rDÊCM(2) rVELÀ11 3 I

- DIMENSIONPRESS( 4C I r ¡JLñD( 3l rNliIND( 3l
, DIMEI{SIONPHI(3lroESTÂ(3t¡óiSlT(3ttTAXIS(3)r9llND(3lrPHASEt3lrMOVE(3

I I ¡DECEL ( 2 ) TVELOC l3t ¡T I¡.lE ( 3l rMOVESl3l rilt'1oVE ( 3 ) TTOPnASt 3 t rcOIlMÊ l3l
DIMENS IONJUi4P( 3 ) rJti:PS ( 3 I
D¡MENS IONI TÈl,t( 3 t ¡NOPT ( 6¡8 ) rlrTCT ( ór8 ) ¡NROPT(61 TNRTOT ( ó I ¡NCOPT (E I rNC

lT0T( I I r lTEl'l5l 3 I TMITE M( 3l
D¡MENS¡ONMOVS( 3 I rþli'lOV(3 I TADECSI2 I tADECMI2 I
DIMENSIONVARY( 3 I
D¡1.{ENS IOND( 3ó ) rVE( 3ó I
COMMO¡r SLOPE rB r Pl ¡P2 ¡P3 ¡P4 ¡PSTVARY
COMMON PlìcSSTGRAT rLWOP
COi4MOll NUMbR rl{ I ND TPHASE rLï I I'lrl rLT If'1M r JOURZ

' COMMON T rMYÉAR¡MOIIThTRANGE r'dF rvJLrVr/M

COI'|VON JOURA ¡ LMSTH ¡ LMSTM r JUMP r I TEMr MOVE r DEVN r VÊLOC r T I MËrU I ND t
. ITOPHASTLENGTHTVELCTWHTSKIPTNh0P¡'tlZ¡VIAZ¡RZTRAZTEPSITEPS2TTLAMTTMUT

2TLAM3 ¡ TMU3 rRNEW rHArì r RA rDEC rVEL rDRAG rVELI r SMA r E r EYE r AGP rANL rTAN r
3RLG rRLT rTLG r TLT rALG rAEL r TeL rVHE

COMMON JOURE ¡lgHAHr LSHAMTSLDEGTSLMINTSRVTSRVD
COMMON DrVE
COMMON NST1 rNSl2rNST3
READI NPUT TAPEZ r 26 r SLOPE

2ó FORMAT t2LF3.2t
READINPUTTAPE2 ¡?2¡B

32 FORMAT ltSF 4c2/ 3F 4.21
READ I NPUTTAPE2 r 90 rPl ¡P2 tP3 ¡P 4 oP5

90 FORMAT ( IX5hERRORSF 3. 2 I
READI NPUTI APEZr 180 r PRESS rGRAT

180 FORMAT( 14E5. l/L4Er.I/L285. I rF5r0l
READ ¡NPUT TAPE 2t296rLI{OP

29ó FORMAT( I3HOPT¡M¡ZATION I I I
READ¡NPUTTAPE2 r I rDrVE

1 FORMAT I 24F 3.2 / lzE 3. 2 / L4F 5. 4 / l4F 5 c 4 / 8F 5 c4 |
READ INPUT TAPE 2tLl6rJA8.

1 16 FORMAT I 1XóHPUNCH I I 
'READI NPUT TAPE2 r 2 I6 r NTAPE r LASIM TNOREC r LASTI{O

21ó FORMATIIXI0HTAPe C,-lECK2l3rtór Iól
NYEl=0
CALLTCHEK ( NYE T r JAB r NTAPE ¡ LASTI''l r NORE C r LASTNO I
lF(NYETI 510r510c212
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510
520

Append-ix 5.1-

2L?

PRINTS2CINYET
FORMAT ( lX5Hl,lYET= I I )

GOTO22 I
CONT I NUE
READ I NPUT TAPE2 s 536 ¡NSTART r NSl0P
FOR¡IAT ( lXTHEND NOS2I6 I
READ INPUT TAPE NTAPEI90lINUMBINUMBR
FORMAT(I1¡I5)
t F( NUMB-8 ¡ 914'910r906
READ I NPUT TAPE NTAPE I I1 1 IVARY
GO TO 930
READ I NPUT TAPE ¡,ITAPE r 107 r JOURE r LSHAHT LSHAM I SLDEGTSLM tN rSRV r SRVD
GO TO 930
I F ( NUMBR-NSIART I 930 r 9?lr93O
BACKSPACE NTAPE
CONT I NUE
NUMT=0
NUMP=0
NUMOK=0
VELCS=0.0
DECS(1)=0.
DECSI2)=0.
ADECS(1)=0.
ADECS(21=0.
D0óI=l¡3
JUMPS(Il=0
MOVES(I)=0
VELS( I l=0.
¡TEMS(Il=0
MOVS( I l=O
DEVS( I l=0. I

D097K=1 r 6
DO97L= I r E
NOPT(KrL)=0
NTOTIKTLI.=0
CONTI NUE
DO98K=l ró
NROPT ( K) =0 /
NRTOTIKI=0
CONTINUE (

0099L= I r I
NCOPT ( L) =0 r

NCTOT(Ll=0
CONT I NUE
NOPTT =0
NTOTT=0
SltlH=0.
SSKIP=0.
ASKS=O. .

536
930
901

910

90ó

914
93L
530

6

97

98

99

NSOPT=0
SOAP=0.
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SllZ=0.
SRZ=0.
SDAZ=0.
SRA=0.
SDEC=O r .

SVEL=0.
SDRAG=0.
SVELI=0.
GOBS=0 c
WD I F=0.
PRTNT 4OO
PR¡NT 9OrP1 ¡P2¡P3¡P4tP5
PR¡NT 1llrVARY

t30 READ INPUT TAPE NTAPErl0lrNUMBrNUMilRr (l,jlND( I ) TPHASE( I ) I I=l¡31I LT
1 I MH r LT I MM TJOURZ r LENGTH

101 FORMATI I1rl5¡?l F4.0rF4t2¡5Xl rI?¡l2t I3tóXIl)
I F ( NUMB-8 ) I 14 t I l0 r 106

ll0 READ INPUT TAPE NTAPETIIlrVARY
PRINT 1 11 rVARY

l1l FORMAT ( 1X4HVARY3F7.3l
GOTOI3O

l06 READ INPUT TAPE NTAPETI0TTJOURETLSHAHTLSHAMTSLDEGTSLivIIi'¡TSRVTSRVD
l07 FORMAT( IX2I3¡12¡F4.Q¡F2.OrF7.5tF3c2l

GOTOl 3 0
II4 CONT¡NUE

IF(NUMBR+Il2?Ir5lró9
ó9 READ INPUT TAPE NTAPEI4II( IT( T rJ¡ ¡¡=1r18) rI=1r3I I

lMYEAR r MONTH r rìANGE r'¡lF ¡ WL I h/M TMODEL
41 FoRUAT ( 18F4. I I l9F4.l /.18F4.1 I

ll2 ¡ l3 r 1.4XF4.0 r F5.0 ¡ 2F'4.2 ¡ I3 I'. 
NCRDER=0
NEND=I \

532 lF( NUMtsR-NSTOP I 535 ¡534 ¡535
534 NEND=0
535 CONT I l{UE

NUMT=NUMT+l
I F ( MODEL-1 ) 7Ol. r 280 r 68

280 CONTINUE
NPASS= 1

CALL HELEN ( DECEL ¡NOPT rNTOT rJUùIP$ TNPASS t NEND I
I F ( NPASS | 7 03 ¡l?O )7 15
I F ( NUMBR-NSTOP | 7o5 t7 09 ¡7 05
I F ( NEND l703 ¡21 )709
CONT I NUE

CALL Gr-EllYS(SNDECTD¿CELTGOtTASKIPT0PTIMTDAZTLWOPtLIMIITNPASSiNEI{D¡
I F ( NPASS l7 Q3 ¡L?C ¡1 L6

7 L6 lF ( NUMIIR-NSTOP t 706t 710r706
706 IF(NEND¡703 t2lr7l0
710 CONTINUE

VGE=VEL1

7L5
705
709

CALL EILEEN ( SNDECTNPASS rNEND)



.A.ppend.ix 1.L

I F ( NPASS ¡1O3 tI3A ¡7 17
I F ( NUMBR-NSTOP I 707 I 7 LL rT 01
I F I NLND l7 03 ¡2L t1 lL
CONT INUE
NUMP=NUMP+1
NST](lrNUMPl=NUMdR
NSTl(2rNUl'lP)=MYÊAR
NSTi ( 3 ¡NUMP ) =MONTH
NSTI (4 ¡NUMP I =JOURA
NSTl(5rNUMP)=LMSTH
NST 1 ( ó rNUllP I =Ll'1STM
D06óI=lr3
NST2(ITNUMP)=JUMP(Il
NST3(lrNUMPl=ITEM(Il
NST4(ITNUMPI=MOVE(l)
ST5(¡rñuMP)=DEVN(ll
ST8(¡rNUMPl=VELOC(I)
ST9 ( I r,{UMP I =T IME (.I I

ST24( I rNUMP ) =1./IND( I )

ST36l I rNUMP )=TOPHAS( I I

CONT I NUE
NST6(NUMP)=LENGTH
ST7 I NUMP, =VELC
ST10(NUMP)=[,lH
STlt(NUMPI=5KIP
NSTI2I NUMP I =NI,/OP
ST13(lrNUMP)=WZ
ST13(2rNUMP)=WAZ
ST14( ITNUMP)=RZ
STl4(2rNUMP)=RAZ
ST15(lrNUMP)=EPSl
ST15(?TNUMP)=EP52
ST16(lrNUMP)=TLAM
sÎ16 I 2 

'NUMP 
I =TMU

sTrTllrNuMP)=TLAM3
STtT(2rNUMPl=TMU3
STlT(3rNUMP)=RNEW
STlS(NUMPI=HAR
STl9(NUMPI=RA
si2O(NUMP)=DEC
ST2l(lrNUMPl=VEL
ST21(2rNUMP)=DRAG
S'f 221NUMP ) =VGE
ST25 ( NUMP I =SMA 

'

ST2ó(NUMP)=E
ST2TINUMP¡=EYE
ST28(NUMPI=AGP
ST29(NUMPI=ANL
ST30(NUMP)=TAN
5T31(lrNUMP)=RLG
ST3I(2rNUMPl=RLT

259

7t7
7.a1
7I1

66
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5T32 (n rNUMP ) =TLG
sT32f2rNU14P)=TLT
ST33 (liUl'1P ) =ALG
ST34(l¡NUMP)=AEL
ST34l2¡NUMPI=TEL
ST35(I{UMP)=VHE
NQ= I
ALLOy'll ll=25.0-MIN0F( ITEM( 1 1 r lTÊM(2 1 )
ALLOì¡J(2 l=25.O-tYINCF( ITÈi'l( 3 ) r ITEM( 2 I t
IF(A¿SF(D-CEL( 1 I l-ALLOW( 1, I 84¡84t85

84 IF(AbsF(DECEt(2 ) t-ALLOrv(2) t89r89r85
89 DO9lI=Ir3

IFIJUÞ4PlI,)92¡92¡9I
92 IF(xAôsF ilvlovE( I ) )-19 I 91r85 rB5
9l CONTIt¡{JE

I F ( ASK I P-20.0 I 1ó2 ¡162 ¡85
162 IF( ABSF(DRAGI-1.A) l63r 163r95
163 IF( XÀ8SF lI'{!'JOP¡-LIMIT)164r1ó4r85
85 NQ=O

GOTO142
164 NUMOK=¡'¡UMOK+l

OK=NU!4OK
DO74l =.L r 3
VELS( I I=VELS( L +VELOC( I I

DEVSTI l=DEVS( I l+DEVN( I )

MOVEST I l=MOVES( I )+MoVE ( I I
tTEMSI I I =ITEI'1Sf I )+I TEM( I l
MOVS( I )=MOVS( I I +XAóSF (MOVE ( I I I

74 CONTIfrIUE
^ vELCS=VELCS+VELC' DECSItr )=DLCS( 1,+DECELt l,

DECS(2 ) =DtsC5( 2, +DECËL ( 2 )
ADECSI 1 I =ADECS( l,+ABSF (DECEL tl ¡ I
ADËCst2 I =ADECSt 2 t+AtsSF (DECêL (2 )'
SWH=S¡l'H+WH
SSK I P=SSK I P+5¡1¡ P

ASKS=ASKS+ASK I p
NSOPT=N50P T +¡rIdO P

SOAP=SOAP+ABSF I OPT I M I
SWZ=S$Z+l,lZ
SRZ=SRZ+RZ -

59¡¿=591¿+DAZ
SRA=SRA+RA -
SDEC=5DEC+DEC.
SVEL=5VEL+VEL
SDRAG=5DRAG+DRAG
SVEL 1=.SVEL I +VGE
GOBS=GOu5+GOB
þrlDIF=UDIF+485F I l.JF l-ABSF(WtNDl 2 ) )

fi

142 NST23l NUI4P | =[q
IF I NullP-300 I 708 ¡5L ¡703



26r

708 ¡F(NENDl70? t51r 130
703 PRINT Te4rNUMBR
704 F0Rl4AT ( 1X I 5 r 9H NONSENSE ,

GO TO 2t
701 PRINT 702rNUMBR
702 FOR¡,IAT(1XI5¡t3H NO WIND INFO)

G0 TO 130
ó8 PRINTTS rNSTI ( I r NUI'{P )

?8 FORMAT(tll I5tl9H CARDS OUT OF ORDER)

2I NEND=0
ZiO RENO INPUT TAPE NTAPEIIOlINUi'48'NUMERI(t,JIf"ID( I I IPHASE(I I II=L13I I LT

t IMHr LT I MM I JOURZ I LETIGTH
IF ( NUME-B I 23I ¡ I 10 I 106

231 IF(NUMBR+Il22I¡ 5It232
2?2 IF(JOURZ-JOURE I 233¡ 69 ¡233
233 NORDER=NORDER+1

I F ( NORDER -20 t 230 ¡?30 ¡5I
5I CONTINUE

D0108 l=I t?
MMOV( I l=MOVS( I I /NUMOK
MITEM( I )=ITEMSf I ) /NUMOK

MMOVE ( I I =t'tOVES ( ¡ ) /NUMOK
DEVM(I)=DEVSII)/OK
VELM(II=VELS(IIlOK

IO8 CONTINUE
ADECM(21=ADECSl2l/OK
ADÉCM(1)=ADECSIl)/OK
DECM(2)=DECSl2l/OK
DECMllt=DECSfl)/OK
VELCM=VELCS/OK I

MT.JH=SWH/OK

MSKIP=SSKIP/OK
MASK=ASKS/0K
M0Pt=NSOPT/¡{UMOK
MSOAP=S0AP/OK
MWZ=S!,Z/OK '.
MRZ=SRZ/OK
MDAZ=SDAZ/OK . l

RAM=SRA/0K
DELM=SDEC/OK ^
SMVEL=SVEL/0K
DRAGM=SDRAG/0K
VELlM=SVELt /OK
MGOB=GOBS/OK
¡149¡f=¡4þtF/OK
PRINl 4OO

4OO FORMAT I 1H1 )

Append.ir 1"1-

PRINT5O
O FORMAT(II5H NUMBR JI J2 J3 51 52 53
I D2 D3 DECI DECz VELC VELI VELz
IFIJAB-2)651r651¡652

MI M2 M3 TOPI TOPz TOP3 Dl
VtrL3 TIMEI TIMEz TIME3,
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651 DO55N=1 rNUMP
DECEL ( 1 ) = (ST8 ( l rN ) -STB (2 rN ) I xt r E+2/ST7 ( N )
DECEL ( 2 ) = (ST8 ( 3 rfl ) -STB ( 2 rI't ) ) n1.E+2/St7 ( N )
PRI NT4T T NST I ( l r N l r l NST2 ( I rN ) r I =1 r 3.|. r (.NST3. ( l ¡,N l,r l = 

L ¡3 ) r t t,tST4 ( I rN l r Il=1r3 ) r ( ST36 ( I rN ) r I =1r 3 ) r ( ST5 ( I.;N, ,l=1.;31 TDECEL rSTT ( N I I ISTE ( I rN ¡ ¡ ¡=2Lt3lr (ST9( I rNl r l=l¡3 I
47 FORMAT ( IH I 5 ¡6I3 ¡il4 t3F5.Z ¡3F4.I ¡2F5. 1 r 7F6. I I55 CONTINUE

PR¡NT 50
6 52 PR I NT65 r JUMPS r M I TEM r I'll'4OVE r DEVM r DECM r VE LCM r VELM r NUtiOK r NUMTó5 FORMAT (6H MEANS6I?¡3 I4rl5X3F4 tlt2F5cL¡4F6.1¡2141

PR I NTI 20 I MMOV r ADECM
¡,20 FORMAT t24x3t4o27X2F5 0Lt

D07?K= I r 6
DO77L=1 ¡ I

NROPT ( Kt =NROPT ( K )+NOPT I K rL I
NRTOT ( K) =NRTOT ( K t+NTOT tK rL I

77 CONTINUE
DO87L=1rB
D087K= I r ó
NCOPT ( L ) =NCOPT t L )+NOPT (K rL,
NCTOT ( L I =NCTOT ( t ) +NTOT I K r L I

87 CONTTNUE' DO88K=1 ró
NOPTT-NOPTT+NROPT ( Kl
NTOTT=NTOTT+NRTOT ( K I

88 CONTINUE
PR I NTóO

60 FORMAT(13X3H- 54X4H6r 74X4H8r 93X5H1Orll3X5H1 ZII33X5HL4rt53X5H16rl
I 75X3H-1 I I
PRINT ót I ( (NOPT lKrLt TNTOTIKTL ) rL=lr8 l TNROPT(K) rI¡RTOT ¡¡¡ ¡K=lr6l r INC

lOPT I L I ¡NCTOT ( L ) ¡ L=l r I ) ¡NOPf T r NTOTT
6l FORMAT(8H - 409l14tlt|/I3l/8H 40- óO9l I4rlH/ l3t/BH ó0- 8g9tI4rll{/13l/8H 80-1009 .14¡LH/13l/8H lOo-1209 ll4¡lH/I3t/BH IzO- 9l I4rztHl t3 I I 8X9 I t4 ¡tH / t3 | |

IF lJAE-21653¡653t140
ó53 PRINT 4OO

PRINTI39
139 FORMAT(II8H NUMBR l,,H SKIP OP WZ RZ RAZ DAZ EPS1 EPS2 TLAM TMUI ÎLAM3 TMU3 RNEW HA RA DEc vEL DRAG vELt MG lJD cK Npt

D0l46N= I ¡ NUMP
NlrlH=sT l0 I N,
NSKIP=$f11 ¡¡¡,' NÌ{Z=STl3(lrNt
NRZ=STl4(lrNl
NRAZ=ST 14 ( 2 rN )

DAZ=ST13 I 2 rN )-ST14 ( 2 rN )

IF(DAZ I 721t722¡122
72I DAZ=DAZ+360.0
722 NDAZ=DAZ+O.5

NHAR=STI8 (N )
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DO149I--L ¡3
NWIND(I)=ST24(IrN)

149 CONTINUE
NEP5l=ST15( I rNl *1.E+3
NEPS2=5T15 ( 2 ¡N I *1.E+3
LAM=ST16( IrNt*1.E+4
MU=5T16 ( 2 rN ) {-1. E+4
NU=STl7( 3rNl*1.E+4
PRI NT I Z4 rNST 1 ( 1 I N I r NWH rNSK I P' NSTI2 ( N ) I NWZ r NRZ r NRAZ r NDAZ I ( STI 5 ( I I N I

I I I=I ¡Zl ¡ lST16 ( I rN) I l=!¡2 ) r 15T17 ( I rN ) r I=1r3 ) TNHARTSTlg ( N I rST20 ( f'l ¡ ¡ ¡

2Sf21( I rNl ¡I=1r21 ¡5I22 (Nl rNSl23(N)
124 FORMAT(l+i I 5¡2I4t3I3t2I4¡6F6.2¡F5,2¡14¡2F6.LtF5.1¡F4rI¡F5.1rllXI1l

I F( JAB-l ) 146 r401 r 1116
401 lF(NST23(Nl ) 146r146r148
148 IDENT=3

PUNCHI6O I ( NSTI ( I rN I r I =1ró I ¡Nþ', IND'NEPSI rNEPS2 TLAMTMUTNU¡ IDEIiT
ló0 FORMAT I lH I 5t413tI2¡?14¡51ór9XIl I

I46 CONTTNUE
140 PRINT L39

PRINT240TMVIHTMSKIPTI4OPTTMWZTMRZTMDAZ¡RAMTDELMTSMVELTDRAGI4TVELIMTMG
lOBIMWDIF'NUMOKTNUMP

240 FORMAT(6H MEANS2I4r?13¡4H I4145H
I 2F6.1rF5.L¡F4.lrF5'1r15t13¡2141

PRINT22oTMASKTMSoAP
220 FORMAT(10XI4rI3l

IFIJAts-z)ó54r654¡222
ó54 PRINT 4OO

PRINTSO
80 FORMATI1H 1OTHNUMBR YR M D LMST A E I AGP ANL PL TAN

IRAL RLT TAL TLT ALG AEL TEL V L/A PHD AHD PRDI

DO9 N=]rNIJMP I

NEYE=ST27 ( N I

NAGP=ST28 ( N I
NANL=ST29(N'
NTAN=ST30 ( N )

RAL=ST31 ( I rN l-ST33 ( N I

¡F(RAL)14rl5rl5
14 RAL=RAL+360¡0
15 NRAL=RAL

IAL=ST32 ( I rN )-ST33i N )

IF(TALt16r1?r17
16 TAL=TAL+360.0
17 NTAL=TAL

NALG=5T33(Nl
NRLT=ST31l2¡N)
NTLT=ST32(2rNl
NAEL=ST34(1rN)
NTEL=ST34(2rNl
AMS=1.0/5T25 ( N)
PHD=ST25 ( N) *l l. 0-ST26 ( N¡ )

AHD=ST25 ( N) J+ ( l. 0+ST2ó ( N I )
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PRD=ST25(N)**1.5
PL=ST28 ( N )+ST29 ( N I
I F ( PL-3ó0.C I ?4L ¡342' 342

3 42-P¡ =P ¡- 36 0.0
341 NPL=PI '

P R I N T 5 2 r ( NS T I I I r l',1 I r I = I r 6 t r S T 2 5 ( N I ¡ S T 2 6 ( N I r lt E y E r rr ¡GF r N Atr L r.\ p L r ir T AN ¡
INRAL I Ir¡ìLT r irTÅL I f.IT LT I NALG I NetL I IIT EL ¡ SI 35 ( I,I ) I AMS r PhD ¡ AHD r PRu

52 FORMAT( lh I 5tal3¡12 ¡F6t2sF6o?¡LZl4¡F5cI ¡2F6.3¡F).I ¡F6o I )
94 CoNl ¡ NUE

PR ¡NT 4CO
IFIJAB-tlã91r591¡935

915 IF ( l.¡u14P I 592 ¡592 ¡222
222 DO 660 N=lrNUMP

. hJRtTE TAPË 4r (NSTI ( I rN) r I=l r6 I r (NST2l t rNl r l=l r3 I r (N5T3( I ri¡, r I=l r3l
I I (NST4 ( t rN I r I =I r3 I ¡ f ST5 ( I rl'l ) r I =1 r i I ¡ ST7 I,\ t r ¡ 5T6 ( I rN t ¡ I = I 13 [r ( ST9 ( I
2 rN I r I =l r 3 I rST I0 ( N I r ST l1(l. ) r,¿ST l2 ( ñ I r ( STl3.( I r ir ) r i =l r 2 ) I ( STI¿+( i ¡¡i t r I
3=L¡2 ) r ( 5T 15l I rN ) r I; I r2l r ( 5Tì6 ( I rN ) r i =l r2l ¡ ( STlT l ! riv I ¡ I = I 13) rSTl8l,r
4 I I 5ll9 ( ii I rSTZC ( \ I ¡ I STZ I ( I rN I r I=L¡2 I rSTZ2 ( i't ¡ , ¡5¡¿, ( ir I r ( ST24 ( I rr{ ) r l=
5l r 3 I rST2> f N I ¡5T2ol ri I ¡5T27 (N I rST28 (fr ) rST29 lñ ¡ rST3C (N I r ( STJI ( I r/^r I ¡ I =
él r 2l r ( 5Ti2 ( I ¡N I r I = I ¡21 ¡5'1 331ll I ¡ ( ST34 ( i ri{ ) r I =I ¡ 2 I rST 3Þ ( N I ri\sTó ( iy ) t
7(5T36( I ¡Nl rI=l¡31

NoREC = NOR rC+ l
660 CONT I lrUE

IF ( NEND 1592 ¡592t51O /
592 LASTM=lrSTI ( 3¡NUMPI

LASTNO=NSTI ( I r NUI'1P )

PR ¡ NT ¿ I ó I ].¡T AP E T LAST¡4 I NOREC I LASÌTTO
CALL TRANS (NTAPÊ¡LASTMTNOReCTLASTNOt
PR ¡ N T 2 I 6 r N T H P E r L A S T M r rtOrl ¿C r L AS T,rO
REUJ I ND 4
RE] TND Ió
PR¡NT5Ió

51ó FCRMAT(IX36HREMOVE UNI TAPE NILSSON NO.2 FROM T6//////I
GO TO 5Có

591 ¡F(NeNDl50ór50ór530
506 I F ( NTAPE- L7 I 221 ¡5C1 t?21
507 REWTND I7

PRINT5IT
517 FoRMAT (lX3óHREI'IOVE Ut\I TAPg ¡¡ LSSCi'¡ NO.l FR0M 17 / / I / I / I
221 CONTINUS

PRINT 999rNUM3¡ì
999 FORMAT ( I.X3HENDI6I

CALLEX I T
END
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SUBROUT I NE HELEN ( DECEL rNOPT r NTOT t JUMPS I NPASS T NEND i

DI14ENS ION PRESS ( 40 )

DIt4El\¡S ION SLOPE I 211 ¡E I 21 t rT ( 3 r 18, tBASE ( I8 ) rP ( 1S ) rX( l8 ) rS ( 3 r7 ) I
lSUM( 3 l TSIMUL( 3 I rÞEV( 3 I-ói¡¡Èrus io¡¡ ¡ur¡p ( 3 I r I TEM { 3 I rMovE ( 3 I rDEVN ( 3 I rVELoc I 3 ) r 1 It4E 13 I ¡
IhtIND(3)TTOPHAS(3)
DIMENStCN Al3¡2I) TTCEPTIS¡2L I ¡SIGMAIS¡2Il
D¡l'1EI'¡5 ION PHI ( 3 I TBESTA( 3 ) ¡óESTT ( 3 I r TAXIS ( 3 ) r PHASE I 3 ) ¡ DECEL ( 2 I I

lJU¡4PS( 3 I rlrOPT ( ó rB ) rNTOT ( 6 rB I TVARY( 3 I
COMMOII¡ SLOPETBTPI ¡P2¡P3 ¡P4 ¡P5TVARY
CO,vlgOa'¡ PRESS, GRAT I LI.JOP

COMMON NUI4BR rWl NDTPHASE I LT Il"lH r LTfl4i"tr JOURZ
COMMON T rr'lYEAR TMONTHTRANGE rWF TWLTVJM

COMMON JOURA r LþISTH r LMSTM r JUMP r I TÊM I l'lOVE I DEVN ¡ VELOC r f I ME r f'l I ND r

ITOPHASrLENGTH¡VELCTWHTSKIPTNWOP¡ViZ¡vlAZrRZ¡RAZTEPSITEPS2rTLAi4rTlvlUr
2TLAM3 I TMU3 r RNE¡/ r HAR r RA r DÊC r VEL r DRAG r VcL I r SMA r E r EYE r AGP r AlrL t TAN r

3RLGTRLT rTLG I TLT I ALGr AELTTEL rVHE
DOl6I=Ir3
N=0
DO4J=1 r l8
IF(T( I rJ )+l.E-ó )ó8¡68r67

ó7 CONTINUE
I T( IrJl=T( IrJlIVARYf I l

lF(Tl I rJl-1.E-ó ) 2¡2 ¡3
2 M=C

GOTO4
3 l'1=1
4 N=N+M

lF(N) 34¡34¡35
35 CONTINUE

SiMULIII=T(IINI
N=N- I
¡ F ( PHASE I l',t -2 e7 49 I 27 t21 t?I

27 lF( PHASE ( I l-1 o449129 ¡28 ¡28
29 lFl PHASEI I )-0.749131 r30r30
28 WHICH;1.0

GOTO33
30 þrH I CH=2.0
?? DOI4M=I¡2I

lF ll¡i-z120 t2L ¡22
20 6=0.

NS I GN=+0
GOTOl 5

21 TVAL=X ttt /A( I r1 l+TCEPTI I r1 )

SI_-GNE=S¡GNF(1.0r (TVAL-T( Irl) I I
NSIGN=SIGNE
G=SIGNE
GOTOl 5

22 G=NsIGNrÉf14-1)
15 PH¡ ( I l=PHASE( l )+G.r+o.05
5 DOIlJ=lrN

P(J)=PHI (.I ¡+WIND( I I.I+T(I ¡JI/280.O
BASE( J I =3.O-WHI CH+FLOATF ( J I -P ( J,
I F ( tiASc. ( J )-1 .Ol7 t13 ¡13

ç

a
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7 ¡F(BASE(J)-0.51 1Orl2¡12
l0 X (Jl=1.667*(BASE( Jl'0.21

GOTOl I
tr2 X I Jl =1.2*(BASE( J)-0.5 )+0.5

GOTO t I
13 K=BASE (J I

DK=K
x ( Jl =sLOpE( K¡ *l ËAsÉ( J, -DK)+ijlK I

II CONTINUE
l9 DO23L=1r7
23 S(IrL)=0.

suMl I I =N
ITEM( I )=N

24 DO25J=lrN
IF(X(J) 117¡18r18

17 !l=0.0
SUM(¡)=SUM(I)-1.0
ITrM(I)=ITEM(l)-l
GOfO54

l8 Vrl= 1.0
54 S{Irl)=S(I

S(lr2)=S(l
5lIr3)=S(l
S(I¡4)=5(I

25 S(Ir5,=SlI
S(Iról=S(I

r1l+ì¡*T( I rJ)**2
¡2 +t"/*x(Jl**2
¡3 +¡,j*T(IrJl*X(J)
¡4 .r¡+f(l¡J)
¡5 +w*x(J)
¡4 *x2

s( I r7l =s( I ¡5lx*2
A( t rM I = ( SUM( t l*s ( I I 2 I -s( I r7 ) ) / ( SUM( I )*S ( I r3 )-S ( I ¡4) *S( I ¡ 5 I I
TCEPT ( I rM)=(S( I r4)-S( I r5 )/A( I rMl )/SUMI I )

S¡GMAI I rM)=SQRTF(TCEPT( I rM)**2+(S( I r2¡74( t rM¡**2*5( I rll+2.0*TCEPTI
lIrMt*s(Ir5l/AltrM)-2.olfs( ItSI/A(I¡M)-2.o*TCEPT(irM)*StI.r4ltlsUM(Il
2t

UN=ITEM( I I-4
ERROR=P1* I 1.0- ( P2*UN/ l4o 0 I l* lP3+P 4/A ( I ¡M I )

IF ( SIGMA I I rM) -ERROR I 9? ¡9? tl4
99 DEV(Il=SIGMA(IrM)

JUMP( I l=1
GO1043

14 CONTINUE
JUMP( I )=0
DEVttt=stGMAurl)
DO57M=2 ¡21
tFlDEVl I l-SIGMA( I rM) ) 57¡57 ¡58

58 DEVtII=SIGMA(lrM)
57 CONTINUE

DO38M=1r21
I F ( ABSF ( S I GMA ( I rM ) -DEV I I ) ) -l . E-8 ) 43 ¡43 ¡38

38 CONT¡NUE
43 MOVE( I )=NSIGN*(M-l I

5ó BESTTI I l=TCEPT( I rM)
BESTA(Il=A(IrM)
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IF(tsESTA( I t-0.4171t72¡72
7I K=I

GOTO76
72 ¡F(BESTA( I )-1.2173t75¡15
75 K=6

G0T07 6
73 K=BEST Al l't /0.2
76 CONTINUE

IF( ITEM( I )-518I¡82t32
81 L=l

GOTOSó
82 IF( tTE¡l( I )-I8183¡83¡34
83 L=( ITEMlll-21/2
86 CONTINUE

NOPT ( K¡L ) =NOPT( KrL)+JUl''lP ( I )
' 
NTOT ( K rL ) =NTOT( KrLl+1
JUMPS( I ) =JUMPS( I l+JUMP( I )

I6 CONTINUE
40 AV=(SUM( 1)*lrESTA(11+SUM( 2)TTBESTA( 2,+SUM( 3 )*B'ESTA( 3)

1t+suM(3)l
DO42l =l ¡3
TAXISI I l=(51 ! ¡4)-S( I '51/AV )/SUM( I I

PHI ( I )=PHASE( I )+FLOATF(MOVE( I I )*0.05
TOPHAS( I )=PHI ( t )+vlIND( I l*TAXIS( I ) /280.O
T¡l4El I ) =10.0*(SIMUL( t )-TAXISl I ) )

VELOC ( I t =100.0*BESTA ( I I

DEVN(I)=I0.0*DEV(Il
42 CONTINUE

VELC= I 0C .O*AV
óÈõÈriit=tvELoctlt-vELoc(2tt*r.e+2lvELc I

DECEL I 2 I =(VELOC(31-VELOC(2 I lr+1 oE+ZlYElC
RETURN

68 PRINTTSTNUMBR
?8 FORMAT ( Il-l - I5 r 19H CARDS OUT 0F ORDER )

GOT05 t.
34.PRINT4iTNUMBRTN
45 FORMAT(lH I5¡3H N=II)

GOTO5 1
31 PRIt\T4óTNUMBRT I I (PHASE( I ì I

4ó FORMAT(lH I5r3H I=I1r7H PHASL=F4.21
130 NPASS=0

R ETURN
5l NEND=0

RETURN
END

I
( - - .-,t'' -

267

t/(suMtI)+suMl2
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SUBROUTINË GLENYS (SNDECTDECEt-rGOB¡ASKIPTOPTIi4)t)AL¡Ll{OPrLIi''ilTr 
,

lNPASS I NEND I
DIMENS ION JUMP I 3 I t ITEþ1 ( 3 ) rMOVt I 3 ) rDÊVt,l ( 3 I TVCLOC I 3 I ¡'l IMÈ ( 3l I

1WIND(3)TTOPHAS(3) . !

DIÍ,îENSION PRÈSS(40) ¡ÞLND(3) INW¡¡\D(3 )
D¡MEÍ,ISION PHASE ( 3, 'DTCEL t 2) rCOT¡MÊ( 3 ) rVARy(3 t
D¡MENSION -cLOPE( 2I ) rB( 21, ¡T t3 tISt
COr\¡MON SLOP!.r B¡P1 tPZ ¡.P3 ¡P4tP5rVARy
CCMIION PRESSTGRATILWCP
COM}ION, NUMSR IhJ] ND, PHASE I LTI MH I LT IMI'I I JOI..IRZ
COl4ltoN T ri'4YEARTMCNTH TRANGETWF rWL rWM
COMMON JOURATLMSTHrLl'1STMr..,rUÌ'.1PrITEþ1 ,þiOVErDLVi\rVÊLOCrTIMc¡tr/INDr

lTOPHAS¡LENGTHTVËLCTWH¡SKIPTNWOP:'¡,,!Z¡HAZTRZ¡RAZTEPSITEPS2-TTLAMTTMUT
2TLAM3TTMU3TRNEWTHARTRATDECTVç.LrDRAGrViLlrSi\,iArËrEyErAGp¡ANLTTANT

. 3RLG'RLT'TLGTTLTTALG,AELITELIVHT' 
COI4MON JOURETLSHAHTLSHAMTSLDEGTSLMINTSRVTSRVD
NT¡NII=LTIMHJÉóO +LTIÞiI,1 -1ó
I F( NT I141 ) 143 ¡144 ¡ L44

143 NTI14I=NTIt4l +1440
JOURA=JOURZ-1
GOTOt 45

144 JOURA=JOURZ
I45 TIMI=NTIMI

LMSTH=NT IMI/60
l..MSTM=NT I Ml -60* LMST H
I F ( JOURA-JOURE I 68 t243 ¡68

243 CONTINUE
¡F( W¡ ND( 2 ¡ *llF ¡ 2 53 ¡254 ¡254

254 CONT¡NUE
RL=WM
RM=-l'lL
RN=SQRTF ( 1.o-RL**2-RM*Jt2 

'VIZ=57.3*ATANF I ( SORTF (RL**2+RM**2 ) ) /RN I
RL3=0. 977*RL-0. 2 l. 2*RM
RM3 =0 ¡ 97 7*RM+o. 2 I 2tRL
blAZ=AZ(RL3'RM3l
WR=2.0*RANGE
RF=0. 0 52 9*SORTF ( h/R I

VEL=VELC*RF
DO19ll=l¡?

BEND ( I ) =-t{R*W¡ND( ¡'t /VELxr2
COTIME( I l=T¡ME( I )-BEND( I I
NW¡NDl¡)jl,JINDll¡

I91 CONTINUE
OPTIþ1=0.0
LIMIT=LþJOP. ( I TEM ( I ) + I TEM( 2 I+I TEM I1 I I /7 +I

201 VELO=VEL*( 1C0.0+OPT IM, /100.0
l?2 DIFFI=COT¡ME(1¡-COTIl,1E(2) .

DIFF2=COTIME ( 3 l -COT I ME ( 2 )

EPSI=VELO*D I FFl*1. E-3
EP52=ViLOìfD I FF2* I . E- 3
R=wR* I 1. 0- ( RL* I L.44 /WRl - ( I I . 0-RLì**2 ) J( ( ( I I . 44lWR I **2 ) ) I
TLAM= IEPsI/2.362't*( ( 1.0-125.25tRL/R, I -( 98.4r-( I.o- (2.0* ( RL**2 ) t ) /R*

1*2 1+1631 .6*(RL/RlJ+Jf2l-( ( I13.9*EPSII/12.3ó2+R) )*x2) )
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TMU= ( -EP52/2,406ix ( 1.0- I ('( 1I.44*RL l- l2.4O6r"RM L /R l- ( 1131.-9o( 1.0:( 2

l. 0* ( RLr**Z I I I -t l,79xl t.O- l2.O*( RM**2 ) I t, ) /R*xZl + ( ( ( I 1 1. 44+RL l- I 2.40
2ó*RM) )/R¡**2) )-(11.44*TLAM/Rl*lRM':( ( (11o44*RL*Rl'4)-(2r406*(1.O-RM**

.32r' )/R))
cHEK 1= t . 0-T LAI'înn2-TMU* r+2

IF(CHEK1 lL26o126¡IO7
103 RNEW=sORTF(CliEKI)

RL2'= ( RL+ ( lL.44lR I , *( 1.0- ( 131 .0/Rx'.2r l
RED= TMU*RM+ T LAM*R L 2

RNR=RE D/RNEI{
IF(RNR)131rI31r104

104 WH=RN*R
RH=RNR*R
SK I P=WH-RH
NWOP=OPT I M
¡F(NWOP lL34¡I33¡I34

L?3 tF(5KlP I I?5 ¡174 ¡I35
135 SIGNË=SIGNF ( l.0 rSKIP I

GOTO 1.5 3
L34 lF ( SKI P*S¡G¡'¡E I L74 ¡17 4 ¡152
152 ASKIP=ÂBSFtSK¡P)

-- IF(ASKIP-1ó.0+12.0*RN)174rL74tL54
I54 I F( XABSF ( NWOP l-LI14l T ) 153 I 153 I I74
153 OPTIM=OPTIM+S¡GNE

GOTO20 I
I74 CONTINUE

VEL=VELO
SNZEN=SQRTF ( 1.0-CHEKI )

RZ=51 .3*ATANF ( SNZEN /RNEW )

TLAM3=0.977*TLA|"I-0.212*TMU I

TMU3=0 r 977*Ttrlu+0. 2I2* T LAM
, RLAM3=-TLAM3

RMU3=-TMU3
RAZ=AZ ( RLAM3 I RltlU3 I

DAZ=WAZ-RA_Z-:"
IF(DAZ)1ó9rr170rI7O

169 DAZ=?6O.0+DAZ
1?O IF(DAZ-90.0,17i )112;LJz
L72 lF IDAZ-27 0.0 t 173 ,173 rIlL
L73 G=GRAT

lF ( WH-7 l. 5 ) I 9? ¡194 ¡ L94
194 I F ( WH-l 10.5 ) 195 t19) ¡193
195 I=þ'lH-69.5

E=140.0*RNEW I / (G*PRESS( I ) I

Q= (VEL**2 I / (360.0+(E-1.0 ) )

DRAG=VEL/ ( E/EXPF ( O I -1.0 t

vEL2l=vEL+DRA6
VEL2 =V EL2 1-0. 38 1 *TMU 3
TL'AM 2 = VE L 2l *T L A1,13 / V ELz
TMU2=VEL2 I* ( TMU3- ( 0. 38 I lVEL2L I I /V EL?
RL AM 2 =-T L AM2
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RMU2 =- TMU2
cHEK4= I . 0-T LAM2**2- TMU2x{-2
¡F ( CHEK4 I l9ór19ó r 197.

197 RNEtJ2=SQRTF(CHEK4¡
VELl=SQRTF ( VEL2*ìt2-L24.9 I

SNCHI =SQRTF ( 1.0-CHEK4 )

CHI =ATANF ( SNCH ¡ /RNEW2 I

ANG=CH I / 2.0
SNANG=S I NF ( Al'¡G )

CSANG=COSF ( Al'¡G,
CHICO=2.0*ATANF ( ( (VEL2-VELI ) / (VEL2+VELI ) )

1*SNANG/CSANG 
'CHIC=CHl+CHICO

SNKIC=SINF(CHIC,
CSKIC=COSF(CH¡C )

CSAZ=RLAM2/SNCH ¡
SNDEC= ( 0.8220*SNKIC*CSAZ )-(0. 5695*CSKIC)
cHEK2= 1.0-SNDEC**2
¡F(CHEK2 lI27 ¡127 ¡II2

ll2 CSDEC=SORTF ( CHEK2 )
DEC=57 .3*ATANF I SNDEC/CSDEC ,
CSHA= ( CSK IC+0. 5695*SNDEC, / I 0. 8220*CSDEC,
cHEK3= I. 0-CSHAT*2
¡F (CHEK3 ) 128 r 1 13 r l-13

113 HAL=CSHA
HAI'I=SQRTF ( CHEK3I
IF(RMU2ll98r199r200

l9E HAM=-HAM
'G01o200

199 HAM=0.0
2O0 HAR=AZ (HALTHAMI

T ¡ M2=LSHAH*60+LSHAM
ST I ME = J.2 5* I 1361 .0*T lì4L/ 360. O I +2.5+T I M2 I
IF ( ST IME-360.0 I 17ó ¡17 6 ¡I75

I75 STIME=STIME-360.0 }

176 RA=5T IME-HAR
IFlRAl151r252¡252

151 RA=3ó0.o+RA
252 CONTINUE

DECEL I I ) =(VELOC( I )-VELoC(2 l )*l tE+2¡v¿¿ç
DECEL I 2l = IVELOC ( 3 l-VELOC( 2, )*l .E+2/VaLC
GOðt=DECELtL't / (2.5*EpStn(pRESS( I t_pRESS( ¡-l ) ) )

GOB2=DECEtl2l /12.5*EPS2x (PRESSI I t-PRESS( I-l I ) ,
D¡ ST I =ABSF ( EPSl I
DI ST2=ABSF ( EPS2 I

GOB= ( ( G0B l*DI ST1 ) + ( GOB2*DI ST2 ) I / ( DI STl+DIST2 l
RETURN

ó8 PR tNT78 r NUi''lBR
?8 FORMAT(]H I5r19H CARDS oUT oF ORDER)

GOTO5 I
257 PRINTl55 ¡NUMBR
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L55 FORMAT(1H I5¡?AH WINDS OPPOSIfE SIGN)
GOTO130

PR I NT 12 5 rNUluiBR r CHõK1
FORMAT( 1H I5r7H CHEKI=F5.21
GOTOI3O
PR I NT I J7 r NUMôR r CliEK2
FORMAT( 1H I5I7H CHEK2=F5.21
GOTOl30
PRINTl38 TNUMBRTCHEK3
FORMAT( 1H ¡5r7H CHEK3=F5c2l
GOTOl 3 0
PRINT206INUMBR'CHEK4
FORMAT( lH I5r7H ChEK4=F5.21
GOTOl 3 0
PR t NT 141 r t'IUMBR r RNR

FORI4AT(1H I5r5H RNR=F5,21
GOTOl 3 0
PRINT203TNUMBRTI'lri
FORMAT(1H I5I4H WH=F5.1)
GOTO130 'i
PRINTISI TNUMBRTDAZ

FORMAT ( lll I5 r 5H DAZ=F6. l'
NPASS= C

RETURN
NEND=0
R E TURN
END

I26
L25

27L

L27
t31

128
138

l9ó
206

131
141

193
203

171
I8
l3

I
0

I5
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SUBROUTINE EILEEN ( 5ND¿CTNPASSTNENDI
DIMENS ION PRESS ( 40 I

DIMENSIOi'l PHASE ( 3 ) rVARY( 3 )

DIMENSION SLCPE (2Ll ¡B(21 I ¡Tl3r18)
DI MEI.¡S I ON JU¡,IP ( 3 ) r I TEM ( 3 )'ñIOVE ( 3 I r DEVN ( 3 t'¡ VE.LOC ( 3 ) r T I 14È. ( 3 )'

IwIND(3)TTOPHAS(3t
DIMENSIoN D(3ó) rVE( 36 )

COMMON SLOPE rBr P1 ¡P 2 tP3 ¡P4 ¡P5TVARY
COMMON PRESS IGRAT ILWOP
COMMON NUl,lBR ¡WI ND TPHASE rLTIt4lJrLl I'''lMr JOURZ
COMMON T TMYEAR 

'1.'lONTH 
r RANGE rWF r WL rWM

COI4I4ON JOURATLT"ISTHTLMSTMTJUMPTITE14Ti\4OVErDEvNrVELOCrTIlulrr_WItrDr
l TOPHAS I LENGTH I VELC I V¡it I SK I P 

'NI{OP 
¡\42 ¡ ¡IAZ I RZ I RAZ I EPSI I EPS2 I TLAM T Tf"iU T

2TLAM3TTMU3TRNE'r/rHAR¡RArD!CTVtLTJRHGTVLLI rSMArErcYErAGPrAl'lLrTANr
3RLGr RLT r TLG r TLT r ALGr AcL r TtL rVHê

COMMON JOURE TLSHAHT LSHAM rSLDÊG TSLMTI N'SRVTSRVD
COMMON D,VE
SLM=SLl'l I N+2.5+FLOATF ( Li"lSTH )' SLD=SLDEG+SL''1,/60.0
L=l ¡0+SLD/10.0
FL=L
DD=D( L )- ( 10.0*FL-SLD l* (D( L ) -D ( L-1 l, /10.0
SNDD=SINF(DD/57.3)
CSDEC=SQRTF ( 1 . 0-SI'¡DEC**2 )

ALG=5LD-90. U+DD
IF(ALG)10r11r11

10 ALG=ALG+3ó0.0
1I CONTINUE

AL=CSDEC*COSF ( R^ /57 . 3 I
AM=CSDEC*S I NF ( ?,A/57 .3.1
AN=5NDEC
BA=AL
BB=0 . 3 978 *AN+0 ¡ 917 5*Al',1
BC =0 . 9 I 7 5*AN-0. 39 78 *AM
sNRLG=SORTF lb3x}.2/ ( tsA**2+gB**2 ) I
CSRLG=SOR'fF lóAx*2/ ( BA+*2+tjBr6*2 I I
SNRLG=S I GNF ( Sl,lRLG r dð I
CSRLG=5IGNF ( CSRLG r ¡A )

RLG=AZ ( CSrìLG r SNRLG I
RLT=57 .3+AIANF ( BC*CSRLG/BA )
ANGLE =R LG-A LG

I F ( ANGLE I 12 ¡L? tL3
12 ANGLE=ANcLE+360.0
I3 CONTINUE

CA=SQRTF ( 1.0-BC**2 ) *S I NF ( ANGLÈ/ 57 .31
CB=ABSF ( BC I
CC=SQRTF ( l. ú-8C*rr2 I *COSF ( At\GLË/i7. 3 I

sNGAM=SQRTF ( C6**.2/ ( CA*+2+CÞ**2 I I
csGAM=SORTF lCAxr2/ ( CA**2+C8**2 ¡ I
CSGAM= 5 I GNF ( CSGA¡V r CA )' AEL=57.3*ATANFICB/lCC*SNGAl,t) )

IF(AELl32lt322)322
321 AEL=AEL+180.0
322 CONT I NUE
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SNAEL=ColSNGAM
VGE=VEL1
VELl=VEL1/29.8
VELE=VE ( L )- ( 10. 0+FL-SLDI* ( Vi ( t )-VÊ( L-1 I

DA=vLL lnCC-V¿LE
DB= SNA E L*VE L 1

TEL=57.3Ì.ATANF ( DÙlDA )

IF(TELl323¡324¡324
TEL=TEL+lB0o0
CONT I NUE
SNTEL=SORTF lDBx*2/ (DA**2+DÉt**2 I t

atTg¡=5ARfF (DAxx2/ I 9{x*/+Dc+^xZl I

CSTEL=S I GNF ( CST EL I DA I

V=V EL 1 *SNAE L/ SNT E L

VHE=V*29.8
F=CSTEL
6=SNTE L*CSGAt'l
H=SNTEL*SNGAM
CSTLT=SQRTF ( 1.0-H**2 I

TLT=57 o 3+ATANF ( H/CsfLT I

TLT=SIGNF(TLT'RLTI
TANG=AZ(FrGl
TLG= T ANG+ALG
I F ( TLG-3ó0.0 ) 339 ¡338 ¡338
lLG=TLG-3ó0.0
CONT I NUE
BT EST = G*SNDD-F
I F( ( TEL-90.0 I *ETeSI I 327 ¡328 ¡?28
CONT ¡ NUE
C=G+F*jNDD
S=SORTF ( I . O-C**2 I

SR=SRV+SRVD*FLOATF ( LI.lSTH I / 2. 4E+4
RP=V+SR*5
P = RP**2
EA=P/SR-1 . C

fg=(*!*ftQ
TAN=AZ.l EA r EB )

EYE=57.3 *ATANF (H/BTEST l

273

323
324

338
?39

325
326

t / lo.o

728

335

lFlEYElS25¡326¡326
EYE=EYE+I80.0
CONT I NUE
I F ( RLT 't 329 ,33I ¡33I
ANL=SLD-180.0
IF(ANL 1332¡333¡333
ANL=ANL+3ó0.0
AGP=360.0-TAN
G0TO334
ANL =SL D

AGP= 1BC. C-TAN
I F ( AbP I 335 ¡3?4 ¡334
AGP=AGP+360.0

?29

372
73?

?3L
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334 CONTINUE
sNTAN=SQRTF lEBxx2/ ¡ ¡4**2+EÞ**2 ) ,
SNTAN=S I GNF ( SNTAI¡ 

' 
Ëô )

E=EB/SNTAN
TESTl=1.0-E**2
¡F(TESTLt347 ¡347 ¡348

347 CONTINUE
NEYE= EYE
NAGP=AGP
NANL=ANL
PL=AGPfANL
¡ F ( PL-360o0 ) 441 ¡442 ¡ 442

442 PL=PL-360.0
441 NPL=PL

NTAN=TAN
NRAL=ANGLE
NRLT=RLT
NTAL=TANG
NTLT= T LT
NALG=ALG
NAEL=AEL
NTEL= T EL
I F ( TEST 1+0. 02 I 36 ¡36 ¡?7

348 CONTINUE
SMA=P71¡511
RETURN

327 PRINT64TNUMBRTTELTATEST
ó4 FORMAT(lH I5sF5.1rF5.3,

GOTOI 30
36 PRINTó2rNUMBRrMYEARrl"'lONTrl rJCURArLlvlSTÞrrLMSTl"lTETNEYÊTNAGP¡ñANLTNPLT

INTAN r NRAL r NRLT r NTAt= r NTLT r NALG r NÀEL r NTEL r VFIE
ó2 FORMAT( lH I 5¡413¡12t6XF6.3¡I214¡F5.1rIlH HYPERöOL¡C)

G0TOI 30
37 PRINï63rf,lUÈIiJRTMYEARTMONTHTJOURATLMSTHTLMSTMTETNEYETNAGPTNANLTNPLT

lNTAN¡NRAL INRLTINTAL'NTLT INALGINAELINTEL IVHE
63 FORMAT( 1H I 5r4l3rI2)6XF6.3¡I214¡F5.1¡lCll PARA3OLIC!

130 NPASS=0
R E TURN
END,.
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SUBROUTI NETCHEK( NYEI TJAtsrNTAPE TLASTMTNORECTLASTNOI
DII'IENS I ON JUì"1P l3 I ¡ lTÊi"4 ( 3 I rMOVE ( 3 I rDEVN ( 3 I TVELOC ( 3 I I T IME ( 3 ) I

lWIND(3)TTOPHAS(3)
NREAD = u
¡ F ( NTAPE- L1, 55I ¡552 ¡ 551

55I IF( NTAPE-¿l- 555 t556t 555
552 PRINT562
562 FORMAT ( lX59HLOAD Uli I TAPE N¡ LSSON NO. 1 Of'l 17 AND PRESS START WHEN

TREADY//////'
PAUSE
REWINDIT
CALLDNSHI ( 17 I
GOT05 5 ó

555 PRINT5ó5 TNTAPE
5ó5 FORMAT ( IXl3HWRONG TAPE I'IOI3 )

èoto;t z
556 IF( JAB-I I 212 ¡212¡222
222 PRlNT5o3
5ó3 FORMAT ( lX59HLOAD Ui\II TAPE NILSSON NO.2 ON 1ó AND PRESS START WHEN

IREADY///) :

PRINT 564
564 FORMAT ( lX31HPROGRAM USES SCRATCH TAPE ON A4l / / / / / I

PAUSE
REWTND 4
REWINDló
CALL DNSH¡ (4I
CALLDNSH¡ ( 16 }

¡ F ( NOREC+t ) 2 l4 ¡ 4L2 ¡ 2I0
210 READ TAPE t6TNUMBRTMYEARTI'IONTHTJOURATLMSTHrLMSTþl rJUl'lPrITEMrifOVÊr
' IDEVNrV'ELCTVËLCCTTIMETWHtSKIP;NW0P¡ilZ¡t¡tAZTRZTRAZTEPSITEPS2TTLAIYr

2TMUITLAM3 ITMU3'RNEW'HAR'RAIDECIVELTDRAGTVGETNQITWIITDISMATETEYETAGPI
3 AN L I TA N I R LG I R L T I T LG 

' 
T L T ¡ AL G I A E L ¡ T E L I VH E I L E I'I G T H 

' 
T OPHA S

WRITE TAPE 4TNUMBRTI"4YEARTMONThTJOURATLMSTHTLMSTþì rJUI{PrITEMri'lOVEr
IDEVNTVELCTVELOCTTIMETtrTiHTSKIPTNl,ÚOPri'lZrt,/AZTRZTRAZTEPSITEPS2TTLAMr
2TMUTTLAM3TTMU3TRNE¡'i ¡HARTRATDEC¡VELTDRAGTVGE¡NOTI,JINDTSMATETEYE¡AGPr
3ANL I TAN' RLG I RLT T TLG I TLT T ALG T AEL I TEL TVHE I LENGTH I TOPHAS

NREAD=NREAD+1
lF ( NRÊAD-NORÊC I 210 r ZIL t2l4

211 !F(MONTH-LASTMI2I4t57L¡2L4 !

57I lF ( NUMBR-LASTNO I 2I4 rZ12 ¡?I4
2 14 PRI NT213 tNRËAD tMONTH rNUl'lbR
213 FORMAT(1H I4HNO TAPE hlR¡TE I6rI3rIól

GOrO51 2
412 NORE€=0
212 NYET=1
572 RETURN

END

275
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T DITA
65 50 40 35 32 29 26 25 24 23 22 21 20 19 18 18 17 t6 16 15 15
t10 175 225 265 300 332 361 387 4L2 436 4t8 480 500 52C 539 5r1 515 59?
608 624 639
ERROR 09 05 65 35
52-t 44-t 31-I 32-I ?6-t 22-1 1B-1 15-1 12-1 10-1 84-2 69-2 56-2 46-2
38-? 3t-2 25-2 2L-2 L1-2 I4-2 II-2 90-3 16-3 63-3 52-3 44-3 36-3 3t-3
26-3 22-3 r9-? t6-3 L3-? I2-3 99-4 85-4 73-4 64-4 

'6-4 'Q-4 
50

OPTIMIZATION 9
-96-95-9L-85-7 6-64-5I-36- 20-03+I3+29+45+59+7 I +B 1+ B 9+9 4+9 6+95+9t+E 5+7 6+ 64
+5I+36+?O+0 3- Ij-29- 45 -59 -7 7- I I -8 9-9 4
10009 9980 995L 9924 9899 9378 98ó0 9846 9837 9834 9835 9842 9A54 981C
9890 9913 9940 9968 9991t0025100541ù080101051012610I43101561016510169

10 I ó6 10 160 I 0 149 10 I 341 01. I 5 I 00 9l 1 00ó5 I 003 I
PUNCH O

TAPE CHÊCK 2
END NOS 52318 5599I

8
SVARY I 5SS9 I 5880 t5813
9
9 l0 05t5 25756 98467-11
52318 -30 t75 -35 ztJ -35 205 0136 10

06ó008 200 920 Lc29 II0 5 I I 7 I 12?21 3 041 3 60143214760 t4o
02 84049ó0 6L5 07 2 t0 I 0 40 I 94,J 95 0 I 0 2 2 I O 78 I I 4oOó 7 S
02020389c533o638a73108ù5u870ü9261001Ic551105115ó12161260130513r913s90261
60 12 52318 54 -36 +O4 -54 I

52345 +15 2OO +14 24O +14 I95 ot55 lo
0560077809t7 IO24LI28I2ILt211 13641427 29 25
oo530302c39 t c5 I ó06060 ó88ü 77508 57 09303336
0507068 508480 949 I O45L I39 L2I412907464
ó0 12 52345 52 '- +L2 -3t -43 I .
9
9 12 0523 25958 98446-10
55799 +29 o75 +23 t1o +29 ZCO OOt6 12

03 8 005 5 20 6'ð 4 07 6 20 85 209 19 0 9 9 I IO7 200 25
014903410 430 0 >34c61 I c 696ù 7 6CO55o
061 808 520963 I 06 5 1 15 4t 2rI 13 29 o5't6
ó0 t2 51799 52 +22 +I4 -61 1
5599I -30 200 -30 a75 -3C 2oO O22I t2

a53807290880C99ó1100119012761350141114ó7152615831ó4016e0I7341?841e28t917
0509064óC78C0884098910601 I 301 r9712601326L381 1428 14861 534t585t 63916ô02620
04400635077IJ892096910601I4L!222I2ó8I336139814ó4150715621602166617L52430
60 12 55991 58 -30 +22 -57 I
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5.2 OtrtPut clata list
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the foLlor¡ing pages shor¡ the iLetaiÌeil output iLata for all the

echoes used ln this stlrvgf,.' Tbe clata was listect. orIlno fron tbe

output tape used. ¡¡ith Program L65.2. Each of the three subroutlnese

F$T,E{' GLm[rS a¡ril EÏLEEN¡ procluces one line of output per echo'

These are on consecutive pa€es. Secause of the 32K ¡roril' storage of
' 
. 

],:

the I.B.M.7OgO, the rlata is liste¿L fn groups of 30o eohoes ol. less'

Thus ther"ã" five sets of three pages egch for.every 3O0,echoes'

at the beginning of each 3oo echo group heacl{,g¡gs are proviilecl at the

top of each of the tlree pages¡ These heaclings are üsualLy the ful1

or abbrevíated. forn of the Fbrtran word. usecl ln the program¡ anil

the id-entificatlon of the forngl. can be founcl in the .previous

section of this appendis. Ïn their order of appearance¡ the

following abbreviations havã been rlsetl for the head-ings:

Abbrev.

*

JLr213
slr2r3
W-1213

troP1,2,3

DIr213

DECIr2

vELlr2r3

OP

EÀ
*

I'C
*

ttD

OK

NP

' trlortran

.ro¡,e ( ¡) I

sTr¡r(3) I

!þYE( 3)

raPEÀs ( 3)
'DEv(3)

DEcEr(2)

vE[,oG( 3)

0PfIli,f

FÂR

mean observecl vafue of G

mean differenco between separate reatllngs of WIND(2)

NQ (and. sum of NQ over grouP)

rnrmber of echoes that passecl as closeû orbit meteors

x printecl on-]-ino ¡rhen actually conputing d'ata'

}IÍEAR

I{ONÍE

JOURA

rR
u

D



TLI6

n8

À

I
v

LI,FTIET Lt6TI,f

stifÀ (")
HrE (t)

t/t
VEE

ÂJ-F (t/")

The list is 1n several secti.ons:

(r) Pages 279-363 ¡ conprísing echo numbers OOL3ç76M8. 'This l-s

the najor tist of the 1961 sr¡¡vey data. It is to be notecL

that due to the five figrrre Ii¡nitatlôn on rn¡mberi'g1 the

coirnters are effectively re-zeroecl ln Äugust.

(ii)

(i:.:-)

Pages 364-372 ¡comprising echo numbers 70448-76328. The

first tno echoes carry over frorn (i). The rest are those

for vblch the ¡rind. d.ata was inaccurate on the. first try¡
but were ræreatl anil fountt- acceptable on the secoatl]

Pages 3?0-381 ,comprising echo rnrmbers 5%LT226L6. These

echoeb rrere parabolic or b¡¡perboLic wben conputed for the
first time. They were then recomputecl r¡ith LIIOP = L%¡

G = O5 (see Chapter 1O.2) a¡rd. for¡-atl to have elliptical
orbits.

(irr) Pages 379-3Bs rconprising echo numbers 47363-63666. These

are the results for Decenber 1p.60¡ recomputecl r¡ith group

(:.ii).

koups (i.if) ana (fv) a¡e characterisecl by having NÈOt

the li¡nit of I,I{OP = Ly'" preventect then fbon satisfying the quality
tests (Chapter 9.1). December 1960 ¡¡as not incluùecl in the survey.
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NUI4BR
l3ó
r37
l4l
I5e
159
409
442
500
,L3
563
594
623
919

l18C
r 442
1453
:.457
26Û7
26e8
2659
21 2l
21z)
289 2
29 53
2962
29 67
2989
29 97
3004
1L32
3 t57
348 5
1504
3592
4428
4029
4Lci
41r 9
4t1Z
418 2
4¿tz
42L6
4ZZC
4224
4212
4277
4238
424v
444L
45 09
45L1
4532
457 I
47 i1
47 ¿9
47 12
41 L7
4739
47 59

TOP2 TOP3
1.47 I ¡ 50
o.72 2.Le
2o18 1¡04
I.63 2.24
2.33 L"rB
1.14 2oC3
t .09 0.93
?-.88 2.14
0069 1007
1"67 2004
!.2?- I t92
l¡)) IøÞv
Lo93 Oc62
2. t-9 Ic56
L ¡ ð9 1¡ t o
1.11 1.42
2.36 I.44
?.44 l.oz
0.84 2.C3
I.43 1.83
2¡Li ltl4
1"38 1o91
to t7 1.63
L.?r 2.35
2"67 1"12
0056 1c99
1.8ó 1..77
2.31 l.t5
2r3l Oc90
1"C8 2.59
1,29 2.07
1.78 2406
2o5A ]:tlZ
1o49 I¡68
1o93 1o57
1.51 L.19
Lc89 2oi5
2c8L -?c02-
2086 1o67
2"99 lclO
0.ó4 tr18
1.35 1.3ó
r.1? 2.36

2¿5O 2o29
1,9t 1.89
L¡5A ?a3A
1o30 Oo90
2.0€ i.8B
0.90 1.75
0.80 2.09
1.63 1.62
2.O? 2.L6
1,9ð 2cO4
2o'J3 2¡44
1.69 1.4C
2t2O !.28
!tò7 ?¡5'l
3.09 1607

67.0 -1 l. ó
136.4 70.4
67.0 ó6¡2
3,7 49.6

61.I B8¡6
66.3 I12.8

I'32.4 141 .1
130.4 120.4
9ô.0 143¡a

1Ur.4 ¡¿!.o
t2.O 12.i
1e.9 I02.5

1 . t 19..,
101.6 21.9
70.6 102.5
19.6 -0.3
11.9 'I3oB

-11.5 34.3
r0. 9 61 .1
ó2.2 IrZ.2

136.9 €2.6
9'l .4 -)'l .4
97.4 50.4
25.9 75.3
5r.4 B4¡ L

LzB.Z 18.2
69.1 33.4
89.8 94.6
6.1 49.9

87.3 l3lo7
65.8 ll3oC

-37.6 -ê.5
65.ó r05.7
I9.7 66¡6

ê, .2 -? .4
9.6 42.5

r9.t -5.1
13?.2 -10.9
1C0.2 44.3
5).4 -I3.4
6.1 l.4r+.:6.0 )1 .4

144.2 9 0. ò
95.4 1,9.3
29.1 -25.1
L2.O -39.5

107.7 36¿5
6i.3 -3 0 5
¿7.0 76.€
19 . Z t)2.5
'i1 .5 1?.6
ii.4 65.4
Ê9.3 74.0
69.3 45.1

1:8.1 121.t
i.9 -¿2.?

145.7 I23¡5
,L .5 2t¡ .2
¡9.0 6C.7

lIME3
-23 .8

70. 3
2).6

-10¡2

1c6.3
I2I.2
14.'J

I')3,1
90.9
Þ4.1

1r1.3
42.I
24.L
e0.0

-?c,o
-16.7

ó7.0
95 tO

146.1
140.?

4 L.4
27 .2

19.9
62. g

-I8oó
52.5
-I.0

109. I
101.9

26.9
9ô.5
94.3
32c 5

i0.z
30.9

24 .3
107.6
Iô.0
7 4.5

I00.5
-33 ¡3

3.0
64 .2
54.3

ò2.i
o3.0
41.7
45. I
_7 .0
6Ç.1
3ó.5
48.5

-?1.9
60. ó

VEL3 lII.IEI ITME2
49 ¡3
43 .2
55.7
4i tL

5t+.8
LL4o1

51 ¡9
41,4

94.3
I18¡6
49.1
7 r.7
92t9
59.4
42. 2
60"6
4I.i
4ê .8
8I.3
70.0
75. L
34.9
58.6
62.4
64.3
48. i
53¡5
4ô.0
7I.7
)6tê
10 .7
9C.0
15.9
93¡0
29.9
6ô.2

45.1
47 c9
56r6
?9.O
66.r
36.7
43 .6

' ¿,c. t
50.9
67.0
56.8

112¡7
9f.3
51.¡i
49.6
53 .6
35.1
39.2
92.9

D:. O2 VELC VEL1 VË12
1' t I.6 /+1¿ 0 35.O 39 '3
1r1 0¡9 t¡9"1 41 '6 4'J'3
1¡1 O"/r 60,5 6ia1 6207
1.1 161. 47.5 4Ì09 41 '5
O¡4 0"9 60o4 62o2 58¡I
Or9 O¡4 54.6 13.6 55'3
Oo3 0"4 i12.i ll0'3 109'3
007 O"7 56.5 5665 ólcO
Oô9 0.8 4515 3'q'7 41 '6
0.5 0.6 100"4 97'8 100!4
0.8 Oo5 64.7 96.9 B5'6
o.ó 0.7 93'8 94'2 9l'9
co4 c,4 1i5.8 Lo9.r Lr5.e
2.4 O. B 47 .2 42 o 4 48.3
oo3 0.9 12.5 74.6 7005
0.4 Oo2 9i1 .5 ç6.6 1C6'1
O¡ã 0.6 65.? 83.3 ól''9
L,7 1.2 4C.5 39.4 3ê.9
Oo4 Oo4 62.2 62.5 63¡)
O"O 1.0 40.0 36.8 39o7
0.4 Oô8 41â2 )3o5 56'4
o.4 oo 5 72"4 59.5 70. ô

0a3 oo4 70.6 71.ó 70cl
l.l o¡7 39.5 3600 35.5
Oo7 lo3 35.9 35.7 36e5
lcO Oo4 62.6 63.1 ó3'6
0.7 Oô4 60'7 62o7 57'3
oo5 ioo 65.1 ó6.1 66.1'
Oc6 IoZ 47.7 43¡2 46¡4
1rl 1.0 51.A 57'0 5Oo3
Cô2 O.? 41'2 46'8 46'3'
Oo5 0.8 7C'5 70'I 69'4
O¡3 O¡ó 96'6 97'9 9)c3
oo9 oo3 71.6 12.0 12.5
Oo9 Oo2 45.6 1\'2 82"6
1.1 oo3 69.6 60.5 68.ó
0.9 OrZ 97'O 3ó'C 97'8
1¡O 1o4 29'2 25"6 34t6
O.4 C.1 70.7 66.5 S0'¿
CoB 1¡o 56'ô 54'2 6ì"
0.5 oo5 4L.? 16.5 31 t4
0"6 1o1 47Ç2 46''1 41'i
0.7 0.5 56o1 53"3 5t'9
1¡3 Oo9 39'Z 37'5 4i'i
Oc4 Oo7 68''2 ?0'0 66'6
c'ó l.I 38'? 39'C 41¡7
0.7 I.I 45ql. 45'4 4ó¡ó
1r1 0.9 iO"4 55'4 49'4
l.O Or1 53'3 57'B 50'7

6i'0 54'2 58¡1
0.8 i.l 57.8 55.2 58¡8
0.4 0.6 Il'4'9 I'19¡3 II3¡l
O¡3 Oc4 97"8 97'0 99ró
O¡8 O¡8 53oB 5)'6 56'6
1.1 lol 41'2 46'2 4ó'6
Oo3 0o6 54'5 55'0 55'L
l."3 1.4 35'9 3ô" 33t4
ìâ2 0.3 43'4 43'6 49'2
O¡1 C¡l 8A'8 92o1 75'7

Jl J2 J3 51 52 53 Ì11 ¡12 M3 TOP1

I O ). 5 1 5 0 20 0 1"76
I I I S 4 5 0 0 0 0.62
I I I B 1 5 0 0 0 1.62
I I I lt 14 lÙ 2 o 4 :..97
I I 117 1.2 6 0 0 01.49
1 I I I 9 12 0 o 0 1.57
I I r 9LO1? 0 0 0r.14
I I I S ó 10 0 5 I 1.98
r I I 7 LI l1 0 0 0 1.63
t 1 1 17 11 17 0 0 0 2.74
t 1 1 5 5 7 0 0 0 2.Ô0
I L l 9 717 0 0 02"59
l. 1 I 4 ó 10 0 0 0 0.?7
û I I 5 7 9 20 16 L62"64
I I I rl I 9 0 0 0 2.58
r I I I 1 7 0 0 0 l.cl
1 I 1 ó 9 9 o 0 C lo0ó
I I I 4 6 9 'Z '2 C 1.29
I 1 I ?1717 0 0 01167
I 1 I 6 tl. 14 Û 0 0 )'.48
I I r 5 4 4 0 0 0 0.49
I I I 3 4 5 0 o 0 1.83
I I I 17 17 16 0 0 0 0093
r I L 4 5 4 J 0 5I.zL
I I I I tC 7 0 I c 1.09
I 1 1 E a a -? 0 0 I.22
1 L l ó 6 5 0 0 c 0"41
I I 1 I I 5 0 0 c 1.14
I 1 I 13 I 13 0 4 0 c.77
1 1 1 6 5 6 3 tr Z2'31
r 1 1 6 ?11 0 0 c2"16
I 1 I ó10 12 0 c 'e2.22
1 r 117 815 0 0 0c.7?
I I ll? 91? 3 O A2.61
r 1 I 4 416 0 0 02"29
I 1 I ? 4 11 17 0 0 1.25
1 I i 4 ó I 0 0 4 2.11
I 1 I 7 4 6 0 12 0 c.89
I 1 I I 5 lr 0 9 0 1.31
r 1 1 ó 6 8 13 02.93
I I 1 4 6 9 0 J 0 c.6l'
1 L l 4 6 6 0 0 0 1.83
1 I 1 ó gtz 0 c cL.62
I 1 1 5 5 7 0 0 0 1.13
1 I r 4 

' 
5 0 0 0 l.B5

1 I 1 5 5 A 0 0 0 1.78
1 1 LLlriLT 0 12 01.96
1 I 1 4 4 1 0 0 0 1016
L 1 I 6 4 7 0 0 Ù 0c69
!. 1 I 5 ó I O o 0 1.83
I 1 I 6 I 11 0 o 3 0c85
1.1 1 9 9 10 o o o I.z,
I t 111 3 I 0 0 02.19
1 I 1 13 t1 11 A o 0 1.92
1 1 1171317 3 Ù LZ.3r
I 1 1 9 12 11 0 0 0 c.B3
1 I I I 6 7 0 0 ù 1.02
I I L 1 4.6 I 0 I l.2l
1 r L 5 1 4 6 '1 0 7.46
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7ó459 óI
41131 60
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30ó2 ó1
4440 61
455? 6l
4998 61
5599 óI
57?6 6l
5749 6l
6423 6L
7Z4L 6L

f3599 6L
11629 6L
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1o 4 L¡.3
O¡4 0¡3
0¡7 0r8
1¡0 0.6
1¡1 0¡7
0¡ó 0¡4
0¡3 0¡6
o.2 o.1
0¡5 1n4
0¡6 0r4
Lt3 lo2
0.9 0.7
Ooó 1.O
lc2 lc2
0. 5 0.4
0¡9 0¡4
0¡9 0¡4
0¡2 0.9
l¡2 1¡l
0¡5 0¡4
Ot5 Ot2
0¡4 0¡5
0¡3 0o5
0o5 Q¡4
0¡4 0¡6
0¡ó 0¡9
1.0 0.4
0.9 0.9
0¡ó 0¡7
0¡9 0¡4
0o4 0¡7
0r9 0¡ó
0¡7 l¡0
0¡ó 0¡5
0¡9 0¡ó
0.3 0.1
0.4 0.2
0.4 0.7
1rù 0.?
1.0 1 .0
0¡2 0¡8
0¡? Or9
0¡ó 1o2
0o7 0¡2
0¡5 0¡5
0¡4 IoZ
O¡5 Ot2
0¡9 0.5
0¡8 0o?
0¡8 0¡8
0.4 0.5
0¡4 0¡6
l¡0 l¡3
0.4 0.5
0¡2 0¡ó

2 10P3
2 2t)8

| 0.77 L.67 2.29
0 1.60 l.lg 2.55
0 I.44 1.08 l.óó
0 lr98 Ir69 1¡20
0 2.51 1.02 1.77
0 1.98 2.40 1.47
0 2.74 1.70 r.41
0 1.2? 0.79 0.74

-ó 1.98 2.37 2.L8
0 1.08 I.71 0.83
o L.71 2.'L2 r.?B
o 2.23 I.44 2.34
o 2.zo o.77 2.46
0 1.05 2.35 0.82
0 1.8ó 2.t2 0.87
o 0.64 2.53 2.06
0 1.94 2. l9 2.t4
0 1.12 1.03 2.02
0 l¡50 l¡ó3 l¡73
0 1.50 L¡6? ttlj
0 0.78 1.0? 0.75
O 2.06 2.O7 Oc71
4 1.90 Lt45 2.36
0 1.14 0.70 1.39
0 0.ó9 r.97 1.1.5
0 l.ó3 0.64 1.67

14 0.74 2.44 2.L6
0 Lo34 2.48 1¡88
0 l¡95 l¡09 1.93
O 2.17 0o95 1¡70
0 1.96 2.56 t.95
0 2.09 0.78 t.6ó
0 2.16 2c46 l¡62
O 2c72 Lt67 2o37
4 2.44 L.62 2.56
o 2.70 1.20 1.25
0 1.42 1o59 l¡40
0 l¡?9 0o82 0¡78
0 I¡50 1¡60 1¡74
0 lo8ó L.69 l.1i
) oo8? 2t3l 2t14
0 1.40 Zclo Lc32
0 1.19 0.81 1¡90
O 2.26 It99 2c??
0 1¡52 I¡12 2¡10
0 2.22 Oc87 L¡71
0 1.97 1¡62 0o75
0 1¡74 2cL5 2cL9
0 0¡77 lo 12 1¡94
3 0.96 1.52 r¡tó
0 l¡51 1.49 l¡77
4 L.gZ l.ZL 2.64
0 1.59 1.62 1.71
0 2.00 1.32 0.91
0 0o79 Lt21 2cl2
6 1.35 1¡00 ?¡72
7 2oLL Oo12 2oL5
4 lo9ó 1.40 2.48

J3 Sl 52 53 Mt M2
I l0 15 ó 0 0
I 5 ? lr -2 I
I 12 12 t5 0 0
I ó 817 -2 -4
1 I 12 l0 15 2
tróttto 0 0
I 9 ó 14 0 0
1 17 17 17 5 0
t tl 6 l0 0 0
145600
177900
I 17 17 12 0 0
l7ó8o-2
I 5 I 10 0 0
156500
I l0 11 9 0 0
115 17 10. O. 2
1767-1 ?
166400
r I It 1ó 0 0
I I 11 tó 0 0
l5ó500
I ll r0 l0 0 t
I I 7 l,ó 0 0
I 9 914 0 0
r 10 r0 tl 0 0
157900
I 7 I ll 0 0
168500
ló5500
1 5 1 .4 0 0
I 13 10 1l O 

'196400
136100
L 1410 0 0
1 7 17 7 -1 0
I I 17 17 0 0
1 5 12 l7 0 0
159900
r5t90c,
t¡114t5 0 0
L59800
1955-lO
181400
L11300
188800
l4tó00
181500

rl 6 0 6 0 0
1 5 3tO 0 2
I 17 17 17 0 0
156ó90
110 I9 0 0
lloló17 o o
I 6 410 0 0
t ó 9L2 0 0
151607
167500
t141714 0 0

M3 TOPI TOP
0 2.00 I .9

J2
I
1

NUMER
529 58

115
3624
618 5
73 I9

135r7
49484
51846
54243
60242
67663
784r9
7894ó
84728
1480r
r6320
19I54
22359
226L6
47361
47763
47 422
4't 47 0
4?ó90
47724
4809I
48tr3
48 141
4ø232
48360
483 62
49463
49506
49r)85
49)33
50 164
50209
50281
5O3Ió
5031 4
5037'
5O4O2
50413
50423
50430
50457
5O467
504ø6
50492
,0544
50659
t0710
50809
50850
50855
50945
509 64
50991
5125L

1
I
1

65.4
56.5
50.6
95.7

I
t
I
I
I
1

I
I
I
I
I
T

I
1
t
L

I10.0

84.1
21 .r
71.6
65.3
49.1
71.1
61.ó
óI.ó
37.5
48.8

114.I
87o4
78¡5
9 2.9
87.0
1L c7
67.4
49.3
95.0
63.3
ôB¡0
50 c2
67. I
56.3
75.L
47.4
71.4
60.5
63 .0
51 c5
52.O
60.7
65.4
48 .8
6?.0
50.4
ó 1.6

0.ó-13.5 -9.ó
0. 2 -8.4 0. I
l¡2 -2t9 0.5
0.3 -1.L -2.9
0.7 2.9 -5.7
0¡6 -8¡5 -6¡3
0¡4 0.3 3o2
0.9 -3.9 2.5
0¡9 -3¡9 2.5
0.8 13.5 r5.6
0.6 -7.5 2¡l
0.8 -?¡8 -6.0
0o5 0.1 3c9
0o4 2.5 1.0
0.3-I3.2-16.9
o.9 -5.L -2.4
0¡2 4t0 -9o3
O¡4 -3¡5 2.L
0.8 9.5 -1.8
0.6 3.8 5t8
Qt4 -2¿6 '5e7
0¡2-10¡2 -1¡?
0.8 -3.9 13.9
r.0 30.1 2.6
Q.g -!.1 -1.0
0¡8 -8.3 ó.9
0.8 7.4 -2.2
0.ó 10.9. 8.4
1.0 -0e9-13¡6

I

t
I

I
1

92.
130.
-1.

68.

I 3.5
5 -4.0
5 -l¡5
2'1c3
ó -2¡1
0 6.2
6 -8.4
O -1o2
5 29.1
5 -0.ó
3 )3¡3
I 1¡5
6 -0¡6
0 27.5
9 5.5
5 5c7
t. 9.5
I -9.2

2.

-ó.
0.
9.
5.

l0¡
22c

3l¡

5t

1o0
0.7
1.1
0.3
1.t
0.9
0.3
L.2
0.8
0.8
0.6
lr0
0¡4
0.3
1¡2

I
I
I
I
1

1
1

I
I

1t0.
2.

9I.
45.

141 .
t26.
119.

2.
t.0 0.

10.
92.

l4? .
74.
22o

114.3

w
-l\o

ó0¡2
108.t

1.2 -5o
l¡O-I3¡
0¡8 -4¡



w
@o

VEL1 MG WD NPVEL DRA6
14¡7 0o1
?4t3 Ot4
67 t2 0t?
54¡8 008
24¡0 0¡1
4ó¡8 0¡1
58¡ó 0r0
36.3 0.3
35¡0 l,¡0
29o5 0t6
ó0.9 0.ó
64.1 0.3
22.2 OoL
50.5 0.ó
I4.2 0.4
47ró 0¡0
47.9 0.1
28.3 0.6
48.8 0¡0
37.2 OoO
37.2 0.0
23¡0 0¡0
29.7 0.r
64¡5 0¡0
59t3 Otl
54.2 0t4
53t5 Otl
50¡0 0¡1
41.5 0.1
34.5 0.1
27.6 0.2
ó0¡0 0.1
36.9 0¡0
42.7 O¡O
29. 8 0.0
35.5 0.1
31.0 0 .0
41.3 0.0
28 .0 0.0
42¡9 0¡I
35.7 0¡0
37.0 0ol
40.6 0 .7
29.3 0.r

RA DE
tlt.4 -t2.
130¡ä
195 ¡ó
25Q ¡5
?05 c3
1ó7.0

ó.8
61.1.
75.0
4ó.0

?)4.7
38.0

L31.4
ó3.1

18óo3

I39.1
13 t7

135¡l
t54,4
L54 ¡4
16.4
91 .4

L62 ¡5
126.8
198.7
13l oj
204.o
152.8
2L9 c7
2)5.4
198.7
1r4. ?
224 t1
183.8
229.1
250.2
138.5
86.7
98.2
93.5
95.0

100o5
92.1

103.2
10ó. 5
99.8

10?.6
92.2

158.0
146.4
132 tO
l4B. I
271.4
¿00. ó
249 ¿6
231 o6
241.9
185.0

TMU TLA¡,I3 TMU3 RNEW HA
0¡?3 Oo31 Ot9? Qo42 279
0¡63 -Oo)Z Oc5? 0o61 !28

-0¡36 -0¡ã6 -0¡48 0¡ó? 10
O¡ló -0¡ó1 0¡04 0o79 358
0o90 -0¡24 Q¿87 0c41 296

-0c92 0124 -0¡89 0.38 80
-Ot32 -0t59 -0¡45 0¡óó 28
-0¡31 0¡91 -0¡12 0¡39 151
0¡42 -0oó0 OtSO 0¡74 34t
0¡10 -0¡65 -0¡04 0e7ó 3
0104 -0¡55 -0.07 0¡83 ,
0¡?4 -0¡43 O¡66 0ré2 319
Oró2 -0¡41 0o55 0o73 725
0¡08 -0¡61 -0.05 0.79 9

-0.02 0.68 0. l2 0.73 288
0¡49 -0¡71 0.35 0.61 339
0.87 0.08 0.9L O.42 287

-0.4? -0.48 -0.58 0.ó6 10
0.ó7 -0.07 0.67 0.74 314
Oc24 0.69 O.39 0.62 28,
O¡24' O¡68 Oo39 Oc62 285
0.02 -0.74 -0¡ 13 0¡66 10
0.01 -0.ó3 -0.13 0¡77 I
0¡ó4 -0.ó3 O.52 O.58 ?28

-0¡03 -0¡ó2 -0¡ ló 0¡?7 10
0¡ló -0o63 0¡03 0¡77 359

-0.83 Ot27 -0t19 Oo54 70
0o09 -0¡78 -0¡07 0¡62 5

-0oó8 0o57 -0.57 0059 16
-0¡8? 0¡23 -0o84 0¡49 74
-0¡74 0¡13 -0o73 0.ó7 60
0.25 -0.ó1 0¡I3 0r78 353

-0¡85 '0¡44 -0¡78 0¡4ó 83
-0.48 -0.45 -0¡59 0¡6? ?7
-0.41 0.77 -0.26 0.58 90
-0o97 0¡33 -0¡92 0¡ I9 94
-0.90 Ot24 -O¡87 O¿42 79
0¡38 0o79 0.56 0.24 244
0¡78 -0¡óI 0.66 0¡43 315
0.75 -0.62 0.63 0.47 319
0.66 -0.44 0.58 0.ó8 324
0¡62 -0.54 Oo52 0¡66 72A
0¡óó -0o60 0.5t 0.58 32ó
Oo59 -0c71 0.38 0.51 33ó
0¡64 -0¡79 Oc48 Ot?O 327
0¡61 -0¡59 0¡50 0¡63 330
Oo4A -O¡72 0e33 0¡ó0 340
0¡53 'Oc87 Oc35 O¿36 V36
0¡27 -0¡71 O.l2 O.1O 351^0c29 O.5g 0.42 O.7O 299
0¡58 -0¡68 Qc44 Ot58 131
0¡12 _0¡67 -0.03 0.?4 2
0.07 -0.50 -0¡04 0¡86 2
0.89 0.05 0.92 0.38 285

.0¡78 -0¡ó2 0¡6ó 0¡43 317
0oó4 0¡39 9.14 0t55 281
0¡ó4 0.16 0.69 0.?l 304
0¡89 -0¡07 0¡90 0¡43 292

-Qt32 -Ot55 -0¡44 0¡71 27

TLA¡{
0¡ 14

-0¡40
-0.6t
-0¡19
-0.05
0.05

-0. 68
0¡87

-0¡52
-0¡ó4
-0.5ó
-0.28
-0¡28
-0.61

o. 69
-0.62
o.27

-0. 59
0.07
o .15
0.75'

-0.?5
-0¡ 64
-0.51
-0¡ó4
-0.6I

o. o9
-0.?8
0.44
0.05

-0.02
-0.57
o.26

-o.57
0.70
0.13
0.05
0.8 9

-0.4 ó
-0.48
-0¡31
-o.42
-0. 47
-0.67
-0. ó7
-0.47
-0. ó4
-o.7f
-0. ó7
0.óó

-o.51
-0¡óó
-0. 50

EPS2WH SK¡P OP WZ RZ RAZ OAZ EPS1
9, 6 | 25 ót 24ó 210 l¡29
83 Ió I tO 48 311 240 -0¡82
87 -L2 -L 52 40 41 1J7 -l¡32
81 -34 -t 66 71 tr6 2lO -lt2t
91 6l L 42 6, 28ó 2ó0 -0¡11'
95 14 I 44 ó8 105 lll 0¡10

l0? 18 I 4t 46 ?7 L55 'I¡42
88 4, L t6 67 l7) 91 ZcO?
78 -20 -l 56 42 734 201 -l¡07
79 -2 -! )1 4l ? 172 'lt?L
87 I -l 58 34 I 186 -l¡14
88 2 -L 49 52 ?O! 224 -O.51
68 11 | 5t 4) ?O7 221 -Oc59
83 -3I -1 65 38 5 2Q5 -Lc28
78 2ø L 10 4? 190 202 l¡88
96 0 1 47 52 134 2L6 'Lt28
.88 26 I 61 65 ?65 262 Oo51
80 -lã -l 51 49 51 lór -1.19

104 38 L 4.t 42 216 224 0¡16
t03 t0 I 32 52 ?LO 172 1¡98
103 10 L 12 52 zLO L12 l¡98
99 2 L 45 49 I0 178 -1156
8? 7 1 51 40 11 184 -I.30
99 4) | 28 55 32r 155 -1.r8
87 -32 -l ó1 40 15 180 -l¡33
84 -?1 -l 6? ?9. ?16 207 -1t28
94 -2 | 71 51 r09 I48 0.2L
92 15 L 4L 52 

' 
206 -L.67

9? 2 -l 40 54 L35 l4O LIOZ
90 3 I 30 61 105 155 0rll
86 15 2 31 4g 100 170 -0.0ó
95 14 I 50 38 348 178 -l¡19

101 -3 -L 37 ó3 119 130 0.58
91 -1 t 40 48 52 155 -l¡18

104 17 I 29 5, 1ó2 154 1¡78
95 -17'-L 19 79 lto 173 0.30
91 32 I 20 65 105 21r 0.12

toz L1 I I 7ó 216 145 2t23
98 3 I 40 64 )l! ,?1L -Oc91
95 -7 -L ?6 ó2 315 211 -l¡0O
94 ZO L 42 47 308 209 -0.66
s8 0 -1 49 48 31ó 213 -0o6ó
82 -LZ -L 65 54 ?18 245 -Oc99
93 -19 -1 40 59 374 L12 -1t45
9ó 40 2 21 61 729 2Ll -1c47
98 24 I 35 51 320 188 -l¡02
9? 52 L 11 

'? 
335 131 -lo5l

98 -o -L 27 69 33Ø 2O2 -1t66
88 L1 I 45 46 35o lóI -1.41
9! 17 L 54 46 216 L22 Lo72

103 ?O L ?L 54 321 L9O -l¡26
92 24 L 51 42 2 I40 'I¡44103 I5 I ó1 30 4 150 -1¡09
91 19 I 19 ó8 267 152 0062
99 -13 -t 32 65 ?L3 1ó5 -loo7
99 22 | 15 51 242 271 Lt24
94 4? t 28 45 257 20L O.12

104 -l? -l 37 64 214 ?2J 0128
104 11 L 44 45 39 ló3 -1.32

5042?
50430
5c457
t 04ó7
ã048ó
)4492
5Or44
9C659

'O7IÞ50809
50850
50855
5C945
509 64
50991
5r251

NUHBR
52958

L75
1624
ó 185
?e l9

13 51?
49484
5184ó
,4241
60242
6?8ó3
78419
? 894ó
84728
148 01
16320
19t54
22388
226t6
47361
41163
41 422
4747c
47690
47120
48091
48 1t3
48 141
48212
4é? 60
48362
49461
4,9506
49885
49931
50164
7C20?
50281
to31ó
50?7 4
,o)75
50402
504t1

51 e?
??t 6
66¡8
54o 5
21 .0
45.ø
57¡8
34.ø
34 ! 1
28.0
ó0.5
63.7
19.0
ó0.1
9.2

46t2
46.5
26.8

15.1
35 e)
20 ¡2
27 t7
63 ¡4
5 8.6
5).5
52c1
48¡9
40 ¡2
33.2
25.7
5 9.0
35o5
4Io4
27 .8
14.2
29 ¡1
39 .6
25 .4
41.2
33.1
15.?
39 .5
27.0
30¡6
35.7
24.9
31¡4
27 .4
40. I
64 t7
46e6
51.4
31 .0
56 t2
2L,2
22.6
)1 .2
67.4

4c
4t
1o
0.

-23 c

6¡

5t

-0 ¡
0¡

-2.
3t

-83¡
l4r

-17 ¡
2.

'2L ¡
-ó6.
-6ó ¡
lór

5o
11¡

4c

-l¡62
-l ¡42
0¡79

-0039

2.7 0r0
7.ó 0.0
7.3 0.t
3.4 0.0
9.5 0.1
2.4 0.1
5.8 0¡0
7.9 0¡I
8.4 0.0
3.2 0¡Q

_2.04
2oL2
0. 73
0¡E7

-0 091
-0¡19
-0. 10
-1 oó4
-l¡38
-0¡ 20
0¡ol

-1. l0
-2. oo

1. C3

-1¡15
-I.4ó
'L¿?1
-1¡06
-l o 19
-O t54
-0. ó9
'l c29
-0¡19
-0r13

5t
-31¡

17.
-52 o

-26 c

-28 o

3.
-37.

0.
'74¡
'24 ¿

-1o55
'O o62
-o .62
-0.05
-0.02
-1¡46

0 .05
-0.30

2. O0

-O o25
1¡73
2rl1
lr82

-0.54
2 tO)
l. o7
l.l0
2o40
2 ¡21

-0.95
-I¡75
-1 .6?
-l o47
-l¡38
-L t52

-51¡
17o
l5¡
-0.
10.
22c
27o

B¡
16.
12o
L2t

-ó1¡
13¡
8r

-l3o
15.

-38¡
-3Ir
-10o

ic

-2 t2? O c25
-.1.78 -0.4ó
-1.59 0.53
-l ¡ 58 0.30
-2.09 0¡13
0.71 -0.63

57.5 0.0
24.2 0.O
25.5 0.O
3514 0¡0
ó0. I 0.0



NUMBR YR
52958 6r

t75 ól
t624 67
ó185 óI
7319 61

13517 ól
49484 61
ã184ó 61
54241 6l
60242 6t
6?B53 6r
704t9 61
7894ó 61
84728 61.
I480I 6l
I632C 61
19 I54 61
22188 6L
22óI6 6t
47361 60
47363 6t)
47422 60
474?0 60
47ó90 6c

25
22
21
25
21
27

7
7
7
7
7
7
7
7
7
7

511
012
o12
038
111
337
4j
83
824
849

lor0

156
28

213
Il0
266
724
324

92
117
220
t21
4?
38
52

32L
211
219

óU
6l
31

iM
I1
I
I
1
I
2
5
5
5
5
6
7
7
1
9
9
9
9
9

l2
t2
t2
l2
t2

D LMST
zo 2t8 12.
t6 2245 2.

13 1l

ANL PL
56 ?20

ttl 213
299 t8V
301 10
302 48
146 264
59 tOt

24t 248
¿42 96
246 tt5
84 356

29r 228
29L 242
302 203
159 155
180 208

2 255
4 114
4 210

75 39
75 39
15 t67
7' t92

255 t23
75't9ô

25, 297
15.L11

255 JO7
75 31
75 288
75 1t4

256 3t6
76 t31

256 289
76 24
77 295
77 31ø
77 70
77 186
77 212
77 18ó
77 t95
77 ?L2
7f t99

257 277
17 221
11 zLT

?57 220
77 195
77 40

257 r70
71 217
77 t84

257 297
257 1?2
77 344
71 tIO

257 ??l
251 L2

50
4.

?3.
1ó.
)9.

1¡
1.
1.

23.
ô.
2.

5.
5t
2,
2,
1o

10.

l.
t0.
2.
2.

5r.

74
83t
?59
ó4ó

1024
229
96

AGP
261
t17
244
ó9

t0ó
I1?

Þ
\J
hJ
o
Ð
Þ
P.
H

\¡
a

N)

AHD

,5
2

t0

25.

6¡
5¡

12.
22.
2.
2.
2c

A
ø1
64
58
10
75
o8
4l
68

17
56
7T
38
2A
5)
7B

3.
3t
2.
8¡
óo

11.
1.
1¡
I.
2t

l2¡

-L
4

-15
-5
TU

-8
-63

0
-15
-30

4
38

E
0.96 5
0.881
o.791
0.686
0¡754
0.965
0.919
0.914
0.909
0.605
0.óc0
0.70I
0.931
0.392
0.346
1.000
0.9ó4
0.81 5
0.950
0.714
0. 714
0.667
0.771
0.308
0o949
0.ô14
0.851
0. ó93
0.485
o.879
0.742
0.837
0.510
o.932
0.610
0.900
0.907
o.497
0¡765
0.989
0.882
0r9l'l
o.954
0. 787
0.853
0.898
0.?41
0.858
0.784
0.800
0¡828
0.929
0.478
0.852
0. ó92
0.ó58
0.6ó4
0.950
0.78 3

10.20
2.L4
9 .67
3. 16
).16
1.73
t.5B
1¡31
4. 80
1o l4
5o99
1.08
t. 78
l¡14
L.35
I .90
1oó6
1.60
2.15
L.)5
4.8t
1¡95
1¡76

l? o77
7c15
?.10
7o56
1¡5I
I.24
1o 38
1. o7
t. 16
!_ .60
4.50
2.98
0¡90
1. r0
L.24
1¡55
1¡ó8
l¡0ó
7 o46
7 c4O

I
9ó
l9

ló0
lll
t2
61

ló7
56
20
l3

161
t53

9
t38

14
22
13

3
78
58

109
llB
135
122
320
144
134
324
t18
321
211
160
107
40
7'

261
¿t1
14

ll5

TAN
9f

247
296
rll

74
241
139
152
146
l3r
263

62
48
99

4
t52
r07
250

94
36
36

268
243
1L2
231
138
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5.3 Ântenna Gain and- Âssociated. Prograrns Fortran legencì-: 163.1

(r) input d.ata

I{STTNOBTTNPT the total mrnber of sarnplesr observations and altitucLe

rearLings respec'r taken d.uring a flight;
llGSTErI,[rS time (hrrninrsec) of chart sanples;

HGOTETI{'S rr rt rr theod.olite observations;

llæTBrI'trS rr rr altitud-e read.ings ¡

SVÂI, chart read-ings for each of tno channels;

ÌIAT attenuator readings for each of tr¡o channels;

SPZTSPÄZ elevation and. azirmrth of aircraft;
BITE a.ttitud.e- of aircraft;
ArB cartesian coord.s. of two grountl aerials;
3Ál,IlNrCRO attenuation factors between aerial- anù pen recorder;

PCr?M a.mplifier- calibration parameters relating receiver
input (rllv) to pen record.er output ¡

(z) output d.ata

¡IPZIT¡IPAZI interpolatecl zenith and- azim:ath angles rel-ative to
each aerial f,or the tine of each chart sanple;

rfrAT nornalised set of (vn)2.

lÊ The value a¡¡cl use of any variable can be redefinecl during the
program to save storage. NAT is usetl for both input ancL output

_ d.ata, as it occupies 2000 storage locations. The variable names

have not been tLimensioned. in the above list¡ their d-imensfons

can be obtained- fron the pTogran lÍsting.

Fbrtrán legencl: 163.2

Í2 the set of a¡¡y GrxG, fron 163.1

SNTE values of sin O

G nap of G,

trGA norrnalised. map of G,

l'his program lras re-organised- into subroutine NOP.l,iAl, for program

]-.66.2
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Fortran Legend.:

(l) lnput cLata

DIRN(2)

HÏTE

TA, TB

fP

RP

ïtÀvE

G( 18, 36 ,2)

38?

Kaiser Rate ?rogram L66.2

the orientation of the two aerials;
assumeù ¡aean echo height;
cartesian coords. of transnittíng antennal

transnitter poÌror i

liniting receiver Power i

r.ravolength of R.F. usod!

polar cl-iagran map for each aerial;

(Z) output tLata

NcT(18 t36r2) cornbined- ¡qap of GRxGTt

ÂtPHi.(18r36) map of Lirniting o( ;
KÀIsER(18r36) normallsed. map of f( XrA)'

trbrtran Legend.:

RATDEC

NORTI

KÀrsm.(18,36)

rRArE( 3rr24) .

uRÁrE(24)

¡rRArE(24)

Dir:rnal Rate fron anY Radiant

as for I6J.?i
normalised- total number of neteo!rfauy;
as for 166.23

values from KAISER nap for each hour of each tlay

consid.ered.;

mean fa,fSnq. value for each hor::e;

as above¡ normalisecl to N0Rl'1.

À nod-ifiecl version of this progra'n (not listed') was useù f,s clerive

the response of tbe Adelaid,e equipnent as a fnnction of rad-iant

d.eclination.



38B

rÉE5 163 UN I VERS I TY N I LSSON
DIi"IENSIOi\¡DENT(9)
DIMENSIONT4GSTH( Iuc0 ) TMGSTM(IOO0l r¡.1GSTS( 1000 ! rGST ( IO0CI r

IäPZI ( lOUO ¡'NPAZ I ( lù30 1 rV2 ( 1000 ) I INTLP ( 1000 )

DI MENS I OT'IiIIGOTH ( BOu ), t,iGCTM ( SOO I rrfGOTS ( BO.O ) rGOtsT ( 800 )' SPZ ( 800 ) r SPAZ (

I800 I rh0B ( 800 )

D¡MENSIONI'1GPTH( 1U0) rl4GPTr'1 ( lOO ) TMGPTS( IOO¡ rHI T¡(100) rGPT ( 100)
D¡MENSIONSVAL ( 2 I IOtJ'J ) ;I''IAT ( 2 I lCOO I

DIMENSIONPC l2¡16 ) 
'Pi'4 

(?ç16)
DIi'lENS ¡ ONROts ( 2 ) I PRCJ l2l ¡CXl2l ¡CY l2l ¡C7-l2l
DI¡"IeNSIONA( 2l tBl2 I TBALUN(2 )'CRO l2l tCl2l
CO¡|,1OtipZIIpAZIIR1

38 FORMAT(THTOTALS 3I4I
lc FoRMAT (7l_iAtRIAl 212F4.3r2F4.¿l I

54 FORMAT(t6HAt4PLIFIEÊì DATA l14F4.I/I814.1/1óHAl'4PLIFIER ÙAfl. 2L4F4oL/
I 18F4.1 ¡

9 FORllAT(6|-tCLOCK I2)
1.4 FORI4AT(Itr4XI?¡212tF3.It!3¡F3.I¡ I3rl1;4Xl3r2I2r-f 3.L¡13tF3.1 rI3r

I I 1 r4X 13 ¡212 sl? t I ¡I? tF3'l I I3 )

I FORiliAT ( I I ¡4X 13 ¡ 212¡F 3.0 ¡ F4¡ C r5Xl 1 r4X I 3 t2l2 tF 3.Cr F4. 0 I 5X ll t4XI3 ¡

I2l2¡F3.A ¡ F4.C r 5X )

ó FOR;4AT( II¡4XI?t212¡F5.3rlXIIr4XI3¡212¡F5.3 rIXI1r4XI3 ¡212tF5.3¡1XI1
I r4XI3¡212¡F5.3tIXl

2? FOR;'IAT ( IH 3 l2 ¡ I 3 ¡ 214 ¡ LX3 l2 ¡ l3 ¡ 2I 4 ¡ lX3 I 2 ¡ l? ¡ 2I 4 ¡ IXSl 2 ¡ I 3 ¡21 4l
31 FORMAT(1H E10.3)
81 FORMAT ( 1H 5HINTcPl4¡I2l
82 FORi'iAT(1Fi óHK FII¡tE3I2l
83 FORMAT(IH 6iII TI¡'Ii3I2I
84 FORTUAT ( 1l-r 6rlJ f li4'¿il2l. 

READI i',IPUTTAP¿2 I 3ô I NST I iìOOT INPT
READ I i,¡PUT TAPE2 r lO r ('A ( ir l t o ( N ) I oALUN ( N I I CRO ¡ ¡1 ) ¡ N=1 I 2 )

READINPUTTAPEZ r ã4r ( ( PC ( N ¡L ) t Piti (i'l ¡ L I r L= I ¡ 16 ) ¡ N=1 I 2 )

READ I NPUTTAPe2 ¡ 9 rNSEC
READINPUTTAPE2T14r f INTEP(Kl;MGSTH(K) rl'1GSTi4(() ri'1GST5(K) r (SVALlN¡Kl r

1NAT(NrK ) rN=I r2 ) rK=1 rNST)
READI NPUTTAPE2 r I r ( I DËNT ( I ) TMGOTh ( I ) TMGOTM ( l,'I4GOTS ( I ) I SPZ ( I ) rSPAZ (

lIlrI=lrNOoT)
READINPuTTAPe2 t6t(7DENT(2) rlfGPTF(J) rl4GPT¡'i('¡) rt"iGPTS(J) rHITc(J¡¡J=Ir

INPT I

DO71(= I ,I,IST
I F ( il\TEP ( K I -2r1 I ¡7 L ¡61

71 CONT I NUE

DO¡Z¿=1 fNpT
GPT ( J ¡ =36'JOìÉi4GPTH ( J, +6 Ù¡MGPTl"l ( J ) +i\lcP TS ( J l +NSEC

12 CONTINUE
DO?4J=2rNPT

' IF(GPT(J)-GPT(J-ll I 64¡14¡14
74 CONT INUE

J=1
DOIl I=l r¡\OöT
GobT ( I ) =3ó0J*t,,lcoTit( I )+6otrùìuoTr'i ( I l+i"lGùTS( ¡ I

SPZ ( I ) = ( 90.0-5PZ I I I ) / i7,3
SPAZ ( I ) = ( 3ó0.0-SPAZ I i I | /11.3

2l IF(GPT ( J )-GOÛT lI I I 22 ¡23¡23



Append-ix l'3

22 )=)+l
GOT02 I

23 TlfrCP= (GuóT ( ¡ ¡-uPT(J-I I I / l6PI (Jl-GPT (J-l ) )

HO5 ( I ) =n I Tr ( J- 1 ) +T I fvCP+ ( ir t T r ( J, -H I Tb' ( J-1 ) ¡

II COitTIirU"-
DO?3I=l¡NOciT
IF(G0BTl I )-GCST( I-11 163¡17t73

73 CC|{T I NUÉ
991456=l ¡1,{ST
GST ( K ) =360r+i.iGSTH ( ( ¡ +ó9*,4G5T!i ( K ) +,1GSTS ( ( I

145 CONTINU;
p9726=l ¡tiST
¡F ( GST (K )-GST( K-1 ) I 62 t72 ç7?

?Z CCäT I i.¡UE

D0a6N= 1 r2
I=l
DO2gñ=I rNST

16 IF(GOoT( I )-GST(Kl )jr15r15
5 I=l+I

GCT0i 6
I5- TIi,lCu=(GST(Kì-GO3T( ¡-l) ) /(úO¡T (I )-GC-f ( I-ll I

I F ( INTEP (K I -I 135 t3'> ç35
u5 57=SPz ( I-1t+T¡¡¡CO*-(:,PZ ( I )-SPZ ( ¡-1) I

¡¡1-sFAZ ( I )-SPA¿ ( t-l I I l?¡ lôrl8
l7 sPÄZ( I-I)=SPÁZ( I-11ì6.2U32
I8 SAZ=SPAZ( I-1.l+TIl{Cr,,*{SPÀZl I l-SPÍZ( I-1} )

I F ( 5AZ I l.9 r'l 9 r 20
19 SAZ=SA2+6.2812
20 SH=hUo( I-l l+TIir.0+(ri9o( I )-,tJo( I-l ) )

5p=5H/COSF ( SZ )

GOTO 3 ?
36 DC34i,i=1r2

L=¡+i,t-z
ROd(14 ) =llCu( L ) /CCSF( SPZ ( L, I

PROJ ( i',i ) =itOo ( ;,i ) *SIiiF ( 5pZ ( L ) )

CX ( !1, =PROJ ( i'i) *COSF ( SPAZ ( L ) )

cy ( I,t ) =pRoJ ( i.l I #..s ¡ r'tF ( spAz ( L I )

CZ(:'il=HCc(r-)
34 COi'l TINUE

SX=CX ( I l+T I itCO+ ( CX ( 2 ¡-CX ( I I ¡

sy=cy( I i+T¡ncorf (cy ( 2 )-cy( 1 ) )

SH=CZ( 1,+T INCO* (CZl2) -CZ ( I ) I

Siì=SúRTF ¡ 5¡xxl+Sy**2+St-i**2 )

CSSZ =SH/ S R

SNSZ=sQRTF f I. 0-CSSZ** 2l
SZ =ATAI',lF ( SNSZ /C SSZ )

CSSAZ=SX/ ( 5R*SNSZ )

sl,lsAZ =sY/ ( stì*sNsz I

5AZ=AZ ( CSSAZ TSNSAZ I / 57 .3
37 C2=A(f',1 )++2{-3(Nl J+r+2

C=SGRTF ( C2 )

389
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40
IF( C/SR-C.008 l 40 r4i ¡41
NPZt (K ) =SZ+57o3
NPAZl(Kl=SAZ*57.3
R1=SR
GOTO42
CALLDI FFER ( SZ rSAZ rS¡ltA(N ) iò ( N ) )

NPZl ( K,t =PZIt+51 ,3
NPAZl(K)=PAZlxi7.3 \
I F ( NAT ( N r K ! I 25 t 24 t 25
ATTEi't=1.û
GOT02 ó
GNAT=NAT(i'l rK)
ATTEIl= IC\. 0** ( G¡jAT,/20. 0 )

IF ( SVAL ( i'i tL ) -7 .3l,41 ¡47 ¡4ð
[=1. Qri$![L ( I'l ¡ K I +1. r.)+1 . É-6
YVAL= ( FLOATF ( L-1 ) ) / 2.3
VOLT=PC ( i'i ¡L )+( Pi'î (hl r L ) * ( SVÄL ( l'l rK )-YVA!- l )

GOT 05 3
IF ( SVAL ( i'l rK ) -1 ., I 52 ¡ 52 ¡ 154
L=16
YVAL= 7 .3
GOT049
VOLT=0. C

COÍ!T I i\U E

v=VOLTxATTENTiijALUN ( ll l *Rl+c¡ìo ( N ) *1. E-2
V2(K)=Vx:k2
CONT I NUT
BIGV2=V2(1)
DO43K=2rl'lST
I F( BI GV2-V2( K ) l 44 ¡43 s43
BlGv2=v2(Kt
CCNT I NUE
DO45K= 1 , t,¡ST

NAT( i\ rK ) =V2 ( K ¡*1 .a+3 /ÞIGVz
CONT I NUE
PRINT2T I ( I/iGSTH ( K ) I}lGSTivi ( K ) IMGSTS ( K) INPZl ( K ) INPAZ I (K ) INAT (N rK ) rK=I T

1r'lsT I

PRINT3I ¡3IGV2
CONT I NUi
GOTO 14:
PRINTEI rKr ( INT:P(K) )

GCTOl4Ó
PR INT82 r i'lGSTli ( K ) riiGST¡i ( K ) r¡iGSTS ( K l

GOTO140
PRINT83¡MGOTH( I ) rl"lGOTi'4( I I tivìGOTS( I )

GOTO i 40
PR I NT S 4 I i"lGPTH ( J I I l'lGP Ti"l ( J ) I l4GP T S ( J )

CQNT i NUE
CALLEX I T
END

26
47

48
52

r54
53

4?
24

4T

25

29

44
43

45

45

ó1

62

6?

64
L40
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163.2 ADELAIDE UNIVERSITY NILSSON
O¡l'iÊNSIONV2 (18 r 36 ) r SNTH( 18 ) rG (18 r 36) rGA( 18r36 t rSGA( l8l rNGAl l8 r 36 )

FORMAT ( ]3h WHICH AERIAL'
FORMAT ( 16F4.4 )

FORMAT(18F4.3)
FORMAY(1H I9tL7L4l,
FORMAT(18I4'
FORMAT ( 1H 5HGAI N=E10.3 I

FORMAT(7H FACTR=E10.3,
READ I NPUTTAPE2 I 3 I SNTH
READI NPUTTAPE2 I 2
READINPUTTAPE2 ¡1¡V2
R EAD I I'l PUT TAPE 2 s I tG
DO6I=1r18
SGA(I)=C.0
CONT I NUE
SUi'Í=0.0
DO4I=Ìr18
pg4¡=] ¡36
GA( I rJ l=VZII ¡Jl /G ( I rJ l
COI,¡ T I NU€
FACTR=BIG(GA)
DOl2I=1r18
DOI2J=I t36
GA ( I r J ) =GA( I rJ ) *1.0,/FACTR
COi'IT I NUE
D05l=1rI8
DO5J= 1 r 36
SGA( I I =SGA( I )+GA( I rJ)
CONT I NUE
D07I=Ir18
SGA( I ) =SGA( I )*SNTH( I )

SUM=SUM+SGA ( I )

CONT I.NUÉ
GAIN=825.3144lSUM
DOSl=1r18
996¡= I ¡ 36
NGA( I rJ) = (GA( I I J)+I.E-B) xI.E+3
CONT I NUE
PRINT2
PRINTIOINGA
PUNCHI 1 r NGA

PRINTl3IGAIN
PRINT9,FACTR
CALLEX I T
END

*.ìJ¡n
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fE
c
c

5 166.2 AbEr-NIDE UN¡VERSITY NILSSON
KA I STR FUI.ICT I OI'¡ ÞìAP F NOM A¿R I AL GA I IiS
N:ËD SUôptiOGil.Ar,iS DI ËFcR rAZ r¡JI Q

D I r4EñS I CNAAZ ( 361 ¡ CH I ( l8 ) r CSCI-Il ( 18 !

DIilEiis IoNuG( l8 r 36l rNG6( l8 r36l TALPHA ( 18 r36 ) rRESl A(( 18t361rKAl St R( 18

I r 36 I
DI'4Elis l',Ji{G ( t8 r 36r2 1 rGT ( I8 r 3ó r 2 I rNGT ( I B r 36 r 2 )
DII'lÊl'iS IONDI RN ( 2 ) rGÀl lt ( 2 I
CCMI'lUi\t TZTTAZTTR
FCR¡1AT ( LX5HÊuU 1P3t 5. L ¡?F 5. 2 r F). L l
FOR:tAT(9H SITts'
FORMAT(18F4.31
FOR!IAT ( I IFiAERI AL DI.Rir2F4. O I

FOR\iÁT ( IHI/ ( iX¡ 3 r l7l4l I

FCR!'lAT ( 1H 5HGAIN=Elíi.3 I

FCR:,IAT ( lH+9X ¡ 1 t
FCF::1AT ( l8l4 )

FORYAT(6h ùlG(=tlO.3)
READ I NPUT lAPË2 t 5
READINPUTTAPE2TIrC
READ iNPUT TAP¡ 2r102rDlÍ<N
READ I t,¡PUT IÀPt2 r 4 r rlI TL r TA r Td r TP r RP ¡ WAVE
PRINT 4THI TLTTATIOTTP.TRPTHAVi
CALL NCR¡1AL(Gt'3AIN)
GAIN2=GAI N( 1' JTGAIN ( 2 }

DClCK= I ¡ 2
DOICJ=I I 3ó ,
8=J- I
AAZ ( J I =) . 087 269+o-xu-o L7 4533
T ÃZ=AA7t J )+DI RN I K I / 57 .296
lF lf A2-6.283I8 I I I r L2 ¡12
fAz=IAZ-6.28318
COI,IT ¡ NUE

'ltt=T AZ / J .Il 4'24
M=M+ I
DC10l=1rI8
GT( I rMrK)=G( I rv¡Kl
NGT( I rllrK,=(GÎ( I rM¡K,+l.E-8 l*l.E+3
CONl I NUE

4
)
I

lc2
3

T3
Iô
-t6

31

2

I
I
I

1C

DOl4K=Ir2
pRINl3r ( (NGT( I rJrKt I I=lr I8 I ¡J=lr3ól
PRINTI3IGAII.I(K)
PRINT 

'PRINT Ì8 rK
14 CONTINUE

PUNCH 36 r NGT

D=RP/ I TP*'¡jAVE*it31
OC=1.21 ¿.*Hf,I¿
D06I=1rI8
A=I-1
CHI ( I l=0.043633+0.08?266*A
CSCHI ( I )=COSF ICHI ( I ) )

0E=63.7*CSCHI ( I I

RANGE=SQRTF ( QB*rÉ2+0C I -QB



Append.ix !"3

R 3 =RANGE ** 3
p66¡= | ¡ 3ó
CALLDIFFb-R(CHI ( I, )A^¿ (JlrHITËrTArTE,)
L=IZ/C.ù8127
M=TAZ /a.11454
L=L+1
M=M+ I
GG ( I rJ I =Gl ( I rJ r 1 lt 3T ( L tM¡2!*GA I l'¡2
NGG( I rJ )= (GT ( I rJ r l )*GT ( L ri'f r2l +l.E-8,*1. E+3
F=R3/GG(lrJl
ALPHA ( I'J I =6. 324*STIRTF ( F+D' *I. E+13
I F{ ALPIIA ( I rJ } -1. l7E+L2 I 6 t 6 ¡7
ALPHA ( I rJ ) =).ÇJ$* (F*D) li+2+1. E+18
CONT ¡ NUA
PRINT3 TNG'u

PRINTl3IGAIN2
PRINT5
DO20l=lr1B
DO2CJ=L ¡36
CSRZ=CSCHI ( I )

SNRZ=SORTF ( I. 0-CSRZx+ 2 I
SY-0.0
D025K=1r36
C=K
T=Cx0.081266-L.6L443
SNT=5lNF(T¡
csT=soRTF ( 1 . O-SNïxJ+2 I

TNT=SNT/CST
csT2=c5T**2
T NTH = C SR Z+Ti\¡T
CSTH=SORTF( 1.0/( l.C+TNTH**21 I

CSEZ=CSTHJ+SNRZ
SNEZ=SORTF ( 1. O-CSEZ*x2l
EZ=ATANF ( SNEZ/CSEZ I

EAZ=AAZ ( J )+3.14159+T
I F ( EAZ-6 .263181 2L )22,22
EAI=EAZ-6a2B318
CONT I NUE

L=EZ/ 0,08721
M=EAZ / O.I7 454
L=L+l
M=i'l+ 1

AL--=ALi)HA(Lr\4)
Y=1.'J / (CST2*ALP )

SY=5Y+Y
CONT I NUE
RESIAK ( I rJ l =SYrf ( CSRZ**2/SNRZ*r+2 )

CONT ¡ NUE
BIGK=ulG(RESIAK)
OO24I=1r1.8
DO24J=l ¡ 36
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KAISER( I rJ) = ( RESIAK( I rJ) *1.E+3 ) /BIGK
24 CONTINUE

PRINT 3IKAISER
PRINT3l rBIGK
PR¡NT 5
PUNCH 36TKAISER
CALLEX I T
E¡'¡I)

SUBROUTTNE NORMAL IGIGAIN)
DIMENStOt\i G( l8r36r2l rGA( 16r36 I rGAIN(2 I rSGA( 18)
DO 20 K=l r2
DO ó I=Ir18
SGA(Il=0.0
D0 ó J=l136
GA(IrJ)=G(IrJrK)

6 CONTINUE
SUM=O.0
FACTR=BIG(GA)
DO 12 I=1r18'DO l2 J=L ¡76
GA( I rJl=GA( J,J) /FACTñ
G(IrJrK)=GA(IrJ)

12 CONTINUE
DO 5 I=lrl8
DO 5 J=1r36 |
SGA( I I=SGA( I )+GAI I IJI

5 CONT INUE
DO 7 ¡=1r18
A=I-1

. SNCHI=SINF 1O.0436?3+0.087266*A)
sGA( ¡ ) =SGA( I )+SNCt-f l
SUM=SUM+SGA ( I )

7 CONTINUE
GA I N ( Kl =825. 3 1 44,/SUM

20 CONTINUE
RETURN
END
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FUNCTIONEIG(ANY'
D¡MENSIONANY( 18 r36)
BIG=ANY(Ir1)
DOI4I=1r18
D0L4J=1r36
IF( ANY ( I rJ)-BIG, 14r 15r 15

15 BI G=ANY ( I ¡J )

14 CONTINUE
R E TURN
END

SUBROUT I NED I FFER ( PZ'P AZrH rA rB I

CSPZ=COSF ( FZ )

SNPZ=SoRT F I l. 0-CSPZ*+* 2 I
R=HrlCSPZ
sNPAZ=S I NF ( PAZ )

CSPAZ=COSF ( PAZ I
X=R*Sl.lPZ*CSPAZ
f =fl*$f,lPlx SA¡PAZ

X1=X-A
Y I =Y-B
Z 1=H
R1=SoRTF ¡ ¡ 1x*l+Y1x* 2+ZI**2 |

PLl=X1lRl
PM1=Y1lR1
PN1=21 /Rl
SNPZI =SORTF ( l. 0-PN1**2 I

PZl=ATANF ( SNPZl /PN1 I

PAZI=AZ ( PLl rPt/|Il /51.?
COI'4MOf\PZI TPAZIrRI
RETURN
END

395
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THEORETICAL DIPOLE
GAIN RELAIIVE TO AN ISOTROPIC RAD¡ATOR 5.16

sf s7"

I
1000I000
1000 999
1000 999
1000 998
1000 995
999 991
998 987
997 982
995 973
995 973
997 982
998 987
999 99I

1000 995
I000 998
1000 999
1000 999
1000Ic00
10 0 0100 0
1000 999
1000 999
1000 998

999
999
996
992
987
9ôù
971
961
9r2
940
940
952
9ó1
97L
980
987
992
996
999
999
996
992
987
980
97 -L

96I
952
940
940
>)L
96 t
911

890
920
948
964
917
986
9EB
990
995
99'
990
986
966
971
964
948
920
890
894
9 2L\
948
9ê4
911
986
988
990

985
985
980
968
956
940
922
896
860
8I6
81ó
860
B9ó
922
940
9r6
9ó8
980
985
965
9E0
968
956
94A
922
B9ó
860
816
81ó
860
896
922
940
956
968
980

965
965
958
944
928
917
892
842
7A3
722
722
183
842
892
917
928
944
958
96,
965
958
944
926
911
892
842
7 t31
722
722
183
842
892
911
928
944
958

936
936
922
904
890
866
830
164
690
6¿4
624
ó90
164
a2,'

8ó6
890
9C4
922
936
936
922
9b4
890
866
830
164
69U
624
624
690
764
830
Bó6
b90
904
922

878
878
862
856
838
806
750
61A
580
5 t0
510
580
ó7C
75v
80ô
838
856
E62
878
878
862
856
838

10
70
ó0
,6
24
76

764
764
750
120
680
620
540
440
36A
300
3\.J0
360
440
540
620
680
120
750

662
662
ó48
6tB
570
490
410
320
250
200
20û
2io
320
410
49C
51A
618
648
662
662
648
6lB
570
490
4tc
320
250
200
200
250
32A
4tc
490
570
618
ó48

,56
ir6
540
520
41 0
39C
300
234
180
t3ù
130
180
234
300
390
470
520
540
556
5r6
540
520
41 0
390
300
234
180
I30
Ì30
18C
234
300
390
470
520
540

432
432
420
392
3r6
290
230
160
llc
O B,J
080
110
160
230
290
356
392
420
432
432
420
392
356
290
230
160
lltl
08ü
080
t 10
l.60
230
?90
356
392
420

316
3I6
300
210
2IO
150
100
070
050
040
040
050
0 7t)
l0u
l5C
2IO
210
3 OC)

3L6
3I6
300
270
210
I50
100
070
050
040
040
050
070
100
150
2I0
2.10
300

060
100
150
190

005
005
005
004
0c4
003
003
002
0c1
00t
001
00I
002
003
003
004
004
005
005
005
005
004
004
003
003
002
001
001
001
c0l
002
003
ça3
004
004
005

995
995
990
988
98ó

836
836
820
BO
77
72
65
56

034
0?3
012
008

110
104
088

110
104
088

204
204
190
150
100

204
204
190
t50

060 030
040 0l 5
030 009
020 [¡07
015 00 5

110 04r

o63
030
015

ú'0 5
ùù5
007
o09
015
030
c!63
û88
t04
110

04t
040

917
964
948
920
890

0
6
4
6

0
0

470
56C
656
724
776
800
820

BCó
750
ó7C
5ao
510
510
580
670
7ro
80ó
rt38
856

1

1

060
o4a
030
020
015
015
020
030
040

006
004
oa3
003
004
006
008
0L2
023
o34

4
4
4
4

6

7
800
820
Bi6
836
o a!
800
776
724
656
560
41 0
410
4lu

76
16
15
12
6B
62
54

4
4
0
0

0
0

040
041
041
040
o34

100 063 023
1000 995
999 991
9eB 987
997 982
995 913

oL2

862

440
36C
300
30tl
3ó0
440
54A
b20
þ80
720
750

008
'006
004
003
oo3
004
006
008
oI2
023
o34

995 913
991 982

015 rl05
020 û07
030 009
040 0t5

998 987
999 991

150 088
I 90 104

000 995 980
000 998 987
c00 999 992
000 999 99ó

060 030
100 u63
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TRANSMI TTING Af'ITENNA
GA¡T.I RELATIVE TO AN ISOTROP¡C RADIATOR 12.ó

\ z--------sj
AZ'se 1 s55

o
6¿ 8?o

l,
934
894
849
802
772
152
756
762

701
519
3ô6
294
247
241

569
461
32r
243
2A5
203

127
127
72L
72I
1L1
.7I I
101
701
ó91
680
691
73L
152
192
853
904
955
0c0

408
31 )
331
308
325
3?5
365
386
416
508
656
164

386
477
548
589
589
548
508
487
467
t+t+*l

426
4t6
406
406
396
318
349
3r5
214
2r6
264
294
325
345
365
436
558
680

339
441
528
561
558
514
41 L

441
420
400
386
378
369
365
355
339
3C6
21 4
275
2L3
2L9
243
268
292
3t,
382
481
569

152
117
9t
73
61
61
79
95

LZT
I62
19t
2LI
22t
2t3
I82
170
I58
150
150
146
L42
140
r72
r21
107

89
65
46
i0
54
60
1T
87

105
132
158

111
81
60
44
44
46
i8
65
B1

101
117
r34
I42
I42
111

91
83
19
77
71
11
77
13
69
63
56
44
32
36
36
40
50
60
13
9l

t Il.

85
ó0
44
32
32
34
42
44
54
67
77
91

I01
99
19
69
60
58
56
54
54
54
52
48
44
3B
30
24
26
28
30
36
44
54
61
65

58
40
30
?2
22
24
26
¿ö
30
34
38
48
58
56
44
42
38
36
36
34
34
34
32
28
24
20
18
14
16
20
2?
24
30
36
44
58

58
40
30
22
22
24
26
26
30
34
38
48
5B
56
44
42
38
36
36
34
34
34
?2
28
24
20
18
14
l6
20
22
24
30
36
44-
5B

58
40
)o
22
22
24
26
26
30
34
38
48
58
56
44
42
38
36
36
34
34
34
32
28
24
20
18
I4
l6
20
22
24
30
36
44
5B

58
40
30
22
22
24
?(-
26
30
34
38
48
58
56
44
42
38
36
36
34
34
34
32
2B
24
20
18
l4
tó
20
22
24
30
36
44
58

58
40
30
22
22
24
26
26
?o
34
3B
48
58
56
44
42
38
36
36
34
34
t.+
32
28
24
20
l8
14
1ó
20
22
24
70
36
44
58

833
7r1
619
569
538
548
579
ó09
650
680
701
7It
69I
61A
660
644

9o
71
64
5t+
46
43
44
48
,3
58
64
68
6B
66
63
60
58
58

2
6
6
4
1
6
7
I

o

9
6
0
9

O

9
9

5

I
1
7
2

2
6
2
1
9
7
I
1

1
B

0
3

6

718
650
483
382
306
288

849
12L
519
461
365
329

426 308 I93
345 24:7 L52
254 186 I2l
193 146 10r
762 128 91

172 138 101
223 11 4 126
294 229 162
416 3t9 223
,08 386 264
544 416 288
528 4t4 300
411 382 284
4?6 345 254
406 325 243
316 304 233

t99 142 85
166 tl3 60
172 119 65
r93 r32 13

L58 r23 87
345 304 264 2L7
396 349 304 264

712
182
792
't 86
112
162
752
73L

548
524
500
487
47 I
465
451
457
45I
434

461
528
609
66C
6ó6
630
589
558
534
528
,I8
5I4
508
508
504
481
461
432
398
3o5
386
?16
406
426
467
519
752
849

426
502
519
626
628
589

13I 640 355 290 223
345 284 223
34t 276 2I3

D

3 s-s

1.N.

630 51
630 51
626 56
626 56
62t 56
617 55
603 5J
569 50
5?B 46
5r2 43
,28 4,
528 45
538 41
569'49
609 53
72r 65
894 82
963 90

33t 270 201
72) 264 203
3L5 254 r93
300 235 L12
264 201 t52
23? r1B L23

239 164 91
264 IB6 I11
325 233 L38
416 294 r72
459 33r 203

213 t46 8r

345
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ef s?"
511 3,76-2I2 5¿:

KAISER RATE FUNCTION

ù
3?3 225 ó0
4I4 241 69
440 276 81

41

587
604
598
586
577
576
581
597
587
585
572
535
505
480
465
458
457
451
448
461
477
,01
i3t
5ól
566
549
546
545
552
549
549
558
565
570
574

740
73I
138
1r7
10,
ó89
672
678
691
702
695
668
632
577
527
526
526
510
503
5I1
508
?43
556
586
648
669
6i6
664
673
680
611
ó87
ó91
729
732
146

76 884
65 863
09 825

? 942 999 9
9 9I3 963 9
4 847 925 9
9 176 862 B

3 109 781 I
0 632 122 7
ó 530 676 7
I 476 615 1
9 32t 561 6
9 196 523 6
5 I24 459 6
I I24 443 6
I 169 46? 6
5 24I 490 5
r 324 503 5
7 173 492 5
I 404 48r 5
I 423 465 5

0 406 464 5
2 368 467 5
5 331 463 5
4 289 459 5
3 220 452 5
2 I70 435 

'5 L46 ?99 5
6 173 434 6
4 ?42 533 6
3 378 614 1
I 509 682 1
4 618 748 1
1 693 816 8
¿l 112 863 I
3 822 9L7 9
5 875 955 9
6 924 919 9
5 948 999 9

72
69
66
59
5I

346
314
276
224
L72
118

74
4t
l9

7
5
7

I2
22
32
45
56
60
56
51
40
27
l7
1l

9
9

T2

4

!o
2
I
7
5
4
7
2
1

I
2
3
5
1
1

I5
l1

6
4
3
2
2
?
3
6

10
1s
40
53
65
77
77

77
77
66
55
4 .?
2_2
t1

45
,,
64
10
72
1?

I
2
2
3
?
?
2
2
I
1

1

2
4
5
6
7
1

0
o
0
0
0
0
0
rl
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
U

0
0
0
0
0
0
0
o
o

-->\z
AZ'o
lolo\to

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

ssli
T.N.

0
o
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

87 107
94 Lt3
01 r22
08 L26

41

2
2
3
3
3

3
2
2
2
2
2

I
I
I
I
2
2
2
2
2

.?

3
2

2
2
2
2
2
2
2
2

436
438
439
449
452
467
460
440
4I5
383
362
5t)
323
3t6
3Li
320
334
358
388
43I

51 795
t4 710
72 746
39 72r
o7 7r5
8l 717
17 728
15 728
56 7L3

40

r34
I33
I22
112
106

98
81

440

09
l4
11
96
75
48
25
04
97
92
95
97
08
2B
55
86
94
05
o2
82
68
62
58
52

ó9
55

.54
55
58
67
79

105
112
1r9
I22
128
r26
l. 18
110
I02

91
80
68
56
54

23 653
79 592
49 56L

28
t7
I
?
2
3
5
I

t?
t6
20
2L
20
I8
14
l0

7
5
4
4
ó

28 540
T4 53L
18 534
37 525

I
14
L5
l6

44
4?

5
9
5

44 _528
30 546
t4 552
t8 554
38 590
80 644
43 702
95 7I8
2e 125
61 730
80 744
26 76L
82 786
20 827
41 853
77 815
81 885

4l- 1

398
400
395
393
376
371
364

20 L2
4t 22
96 34

27
1I
03

r52
209
269
32I
v42
3r2
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Appendix !"3 399,,

1)
FORI'4AT ( lXl4HRADIANT COORDS2F6. I I

FORMAT ( I8I4'
F0R)4AT(lXI2rIX24I4)
FOR14AT ( lri03X24l4 )

FORtlAT ( 1X I3 
' 
BH f"lETgORS )

FORMAT(ÌH+tC0XI5)
FOR|4AT(IOOHO D I 2 3 4 5 6 1 I 9

13 14 15 16 r't I8 19 20 21 22 23 24///l
FORMAT(IIr2l3¡l2l
READ INPUT TAPE 2'1
READ INPUT TAPI 2¡2IRAIÙIC
READ I NPUT TAPE 2 I6 I NORM

READ INPUT TAPE 2'3'KAISER

10 l1 t2 I

PRI\I
PRIN
PRIN
PRIN
MTOT
NTOT = 0
I'l=0
READ INPUT TAPE 2¡lC1¡NUMBTJOURETLSHAHTLSHAM
IF ( I'IUMB-8 ) 114r I 1a¡ I I
N=N+ 1

T I M2 =6 O*L SHAH+L SHAM

DC 12 K=l¡24
MRATE(Kl=0
TIMI=60*K-30
S T I M E = O . 25* I I ?6I .0* T I M 1 / ? 60 .0 ) + 2 . ,+ T I142 )

IF ( ST I ME-3ó0.0 ) 176 ¡115 ¡I75
STIME=STIME-360.0
HA=ST I iqE-RA
IF(HAlI78rr17¡r11
HA=HA+J6C.0
CSRZ=ü. 82 2O*COS F IDE-C / 51 .3 l*COSF IHA / 51. 3 ) -0. 5695xSI l"lF ( DEC/57. 3 )

tF(CSRZ)179r179r180
IRATE(NrK)=O
GO TO 12
SNRZ=5ORTF ( 1. O-CSKZ+.*21
RZ=57.3*ATANF ( SNRZ/CSRZ I

csRAZ= ( S I NF IDEC / 57 . 3',t+0. 569i*c sRz I / ( 0. 8220*5NRZ )

SNRAZ=SORTF ( 1.C -CSRAZ*+2 )

lF(H^-lBC.Cl17r17rl6
SNR AZ = -51{RAZ
RAZ=AZ"( CSRAZ r SNRAZ )

I=RZ/ 5 .0+1. O

J=RAZ/I0.C+1.0
IRATÊ ( f\l 

'K ) =KAI SLR ( I rJ )

CCNT I NUE
PRINT 4'JOURE r ( IRA'lE (NrK) rK=I r24-)

!66.1 UNIVERSITY ADELAIDE NILSSON
óiunñnr- nÀrÈ-ùÀnrÂÍtotl oF ANY RADTANT AT ADELAIDE
óiriÊñSroñ <À¡sËiìiîò;ãdl.,inÂ1a (3r;241 ,rvn¡rrr24) TNRATE(2¡+) rRATÊ(24)

1 FORMAT ( }X7IH

2
3

4
5
6
7
I

I07

T1
12
T6
T8
=Q

TRATDEC
r i'iORl'4

106

11

1.75
L76

178
177

179

18ü

16
L1

L2



4oo

114

14

L3

15

GO TO
DO 13
DO 14
MRATË (

10
(=
l=
K)

6
I t24
I ¡N
=MRATEf K)+IRATE(L'Kl

MRATËlKl=MRATE(K)/N
MTOT=MTOT+MRATE ( K I
CCNT I NUE
PRINT JIMRATE
PRINT 7¡MTOT
DO ¡5 K=1. r24
RATE ( K I =l'1RATE ( K I *NORM
RATE ( K ) =tìATE ( K ) *10.0/FLOATF (MTOT )

NRATE(K)=RATE(K)+0.5
NTOT=NTOT+NRATE ( K I
CONT I NUE
PRINT 5INRATE
PRINT 7¡NTOT
CALL EXIT
END
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5.4 The Distribution Progrann i-67.2

The Fortran is largely self-eqplanatoryr rvben considered.

rlith the legend- for L65.2. Consid.er the d.ist¡ibution of numbers

of echoes ¡¡ith the longitude (r+.r. to the Apex) of the apparent

rad-iant, I r.. The var'Íable nane for this quantity in lr6J.2 is RAi,.

The range of RAT, is 36001 to be d.ívid-ed. into loo d.ivisionse hence

the appropriate quantity írr J.67.2 is l[oRÁI(36). If an unrreighted.

(observed.) aistritution is required¡ a tr'ivia1 for¡n of subroutine

JUDITH puts LOAD = l for all echoes. Thus 1 is add-ecL to nOn-Af,(24)

for every echo with 23oo-< RAI < 24oo. rf the d.istributions are

being corrected for observational- and. astronoraical selectionr the

listed. forrn of JtDïtH is used- to calctrlate the appropriate value of
LOAD bettreen O antL 2l. trbr observational selection on1y,

W(5) = const. in subroutine JIIDIIE.

llhe results of this progra¡n a;re listed. in the fo1-loning

section.

(

-:=@ry.,E:@ry-"
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XE' 167.2 ADELAIDE UNIVERSITY NILSSON
C COMBINED ORBIT PrìOGrìAM DISTiìIËUTIO¡iS

DIMENS ION JUÌ"iP ( 3 ) r I TË''l ( 3 ) TMCVE ( 3 1 r DËVN ( 3 ) rVELOC l 3l tT IME ( 3)'
lf,/¡ ND ( 3 ) r T0PitAS ( 3 )

DIMETTSION NoH(I8r36 ¡L2l ¡I\OLOL l9¡36) ri\OLOrvi l3StL2l riroHS( 18r36¡4) ¡

lNOLOS 136¡4) TNORAD( t8r36l rl'IORLT l35l ¡t'¡ORALl36l ¡tiOtL(4¡4tL8l ¡

2 N O E L S I 4 ¡ 4 ¡ I 8 ) r ,\ 051"1 A I 20 I ¡ l{O e C ( I 0 ) 
' 

i'io Ë Y a ( 1 8 ) I I'IOH R ( 2 4 I t l'l O V LC ( 1 4 ) r
3NOVGE(14)TNOVHE(14)r¡lOwH(9)'NO'!'JZ(lElrNOllAZ{36}.NORZ(lBlrliORAZl36l¡
4NODAZ ( 3ó ) ¡ NODRG I 361 ¡NOAEL ( 36 ) r iioTEL ( 36 ) r hO¡rGP ( 36 ) r NOÂiiL ( 36 ) I
5N'lAN ( 36 ) ¡NOTLI I 36't r NOTAL ( 36 I rNORA ( 36 I 

'NODtrC 
( I 3 l I l"¡OLGH ( 3 I I

6NORAM( L8r36r12) TMONAT( 12) rMTOT (I2l tl'iOJAZ( 1B t3ó )

DIMENSION NPRINT(7'
COMMON NUMBRTi4YEARTMOiITHTJOURATLi''iSTi-1 rLMSTi"i rJUlfPr iTÊMr¡\iOVËr

IDEVNTVELCrVÉLOCTTIi'IETl{hTSKIPTNWOP ¡v!Z¡\'IAZTRZTRAZTEPSITEPS2TTLAMr
2 TMU ¡ TL,\M3 r TMU3 r RNE!r/ ¡ HAFì r RA' DEC r VÉL r DRAG r VGÈ' i'lQ r !r I ND r SMA' E' LY i r AGP r

3ANL I TAN I RLG T iìLT T T LG I Tt-T I ALG I AE L 
' TÈL I ViIE T LÊ;\GTH I TOPHAS

COMMON ¡IOH
4OO FORMAT I 1H1 )

27t FORMAT ( 1244 I

272 FoRMAT( zHO A4///t
275 FOR¡4AT( zHO 13'
20
20
20
20
20

20
20
20

2I2
2t3
2L4
2t,
22r
222
z2v
2Zt+
225
226
221
228
229
2?O
23L
232
237

ORMAT I22HO
ORMAT ( 1 5HO
ORMAT ( 26HO
ORMAT I27HO
ORMAT ( 5 9HO
DE///'
ORMAT f 4BHO
ORMAT ( 49HC
ORMAT ( 6 1HO

FORMAT ( ].7H0
FORYAT ( ].7H0
FORI"IAT ( l2H0
FORMAT ( 42HO
FORÞIAT ( 45HO
FORMAT ( 2BHO
FORMAT ( 14HC
FORMAT ( I3HO
FORMAT I24HC
FORMAT ( 29HO
FORMAT ( 14HO
FOR¡"14T (39H0
FORMAT ( 28hO
FORMAT ( 3 5HO
FORMAT I24I1O
FoRrlAT ( 31H',-r
FORI'IAT ( 2 7HC

1.F
2F
3F
4F
5F

1U
6F
7F
8F

FETIRUA,îY TMARCH r APR I I / / /')
MAYTJUNETJ\LY///l
AUGUST r SEPTEMBTR 'OCTOðER/// I

NOVËi4BaR TDECEMÈcR r JÄNUARY/ // I

ECLIPTIC LONGITUDE DISTR¡öUTION FOR ALL tsANDS OF LATIT

ECLIPTIC LONGITUDE DISTRtdUTIoN FOR ALL 'viONTHS///lECLIPTIC LONGITUDË ùISTFIICiUTIOi'.¡ FOR ALU SÈASONS/// I

SEASONAL i4APS OF ECLIPTIC LATITUDE V LONG¡IUDÊ 8:1. TO

FOR 4.0 A 2.O///l
FOR 2.0 A 1.3///l
FOR A L.?///l 1

AS AtiOVE I,JITH SUMMED ÉCCENTRTCITY GIìOUPS///)
DISTRIdUT¡oN OF INDIV¡DUAL ORBITAL :LLiqENTS///)
RE.CI PR.OCAL SElvll-i\1AJCR AXIS/ / / I

ECC ENTR tCllY / / / I

ll,rCLIl'lAT¡ON///)
ARGUf'1Er\lT OF P:RIH:LION/ / / I

LONGI TUDE OF ASCEI\DI NG NO.D:/// )

TRUE ANOI"IAIY///I
APPARANT ECLIPT¡C LONGITUDE LrSS APËX///)
APPAIìANT T.CLIPTIC LAIITUD¿/ / / I

TRUË ÉCLIPTIC LONGITL,iDE LAS.S APEX/// )

TRUE ECLIPTIC LATIÏUDE///)
APPARANT ELONGATION iROÑì AP=X// /'
TRUE ELONGATION FROII APiX///I

I APEX///l
2?4 FORMAT(42H0 ECLIPTIC.LONGITUDE MEASURED REL. IO API.X///I
209 FORMATI26HO RADIANT ZENITH V AZIì'|.UIII///I
273 FORMAT(47H0 MONTHLY MAPS OF DECLINATION V RIGHT ASCENSION///I
2lO FORMAT(ó4r-iO DISTRIEUTION WITI-r SEMI-MAJOR AXIS¡ECCENTR¡CITY Ar'lD INC

lLINATION///I
2ll FORMAT ( I2H0 FOR A 4.O/ / /l



Âppond.ix l.{

234 FORMAT I23HO HELIOCENTR¡C VELOCI'IY / / /'I

405

244
245
246
247
248
249

242 FORYTAT ( 1THO HOURLY R^IEI / /'l
243 FORMAT(28H0 HËIGHT OF REFLECTTON POINT///'

rY///t
O ATMOSPHgRIC RETARDATION//,/)
O DURATI ON/ / / I

FORMAT ( 3 5II
FORMAT ( 35h
FORMAT ( 26H
FORMAT ( 26H
FORMAT ( 48H
FORMAT ( 5H

REFLECTION POINl//IO ZEN I TH AI{GLE OF
O A¿II4UTTI ANGLE OF
O ZENITH ANGLE OF
0 AZII'IUTH AI'IGLE OF
O DIFFERANCE dETWEE

ES USED t5///t
cHoEs usÈD I5///t
I.1öER OF E.CHOES USED ¡5///I
Z cii I TH v AZI!'ïUI H/ / / I

RaFLÈCTIOi'¡ PCI NI / / I

RAD\ANT///I
RADIANT/// 

'N REFLECTiOt.ITRADIANT AZIMUIHS/ / /,
o x/Î///l
O GEOCENTRIC VELOCI250 FORþlAT(21H

251 FORyAT (25H
252 FORMAT ( lCH
253 FORMAT ( 17H
254 FORMAT ( 13H

C RIGHT ASCENSTON//
O DECTINATI OII/ / / I

O NUi'18,ER OF OK ECHO
O TOTAL iTUMdÈR OF E

25ó FORMAT t21H
257 FORMAT ( 3OH
2 58 FORÞIAT ( 39HO TOTAL l/i E I GHTT.D IiU
27ó FORMAT I 35HO REFLECT I ON PO¡ NT
999 FORMAT ( ótiQ i¡9 r5 / / / 

'2ó0 FORMATt2x36l3',)
261 FORMAT(2X18I4)
262 FORMAT (2X2015t
263 FORMAT(2XIOI5I
2ó4 FORþ1AT(2XlBI5)
2ó5 F0RMAT ( 2X1815/¿XLBl5t
255 ¡9Rr4AT l2XI4l5l
2ó7 FORNIAT l2X24l4t
268 FORMAT(2X 9I5)
269 FORMAT (2X1OI5 I
270 FORMAT ( 2X 3¡6 )

300 FORMAT(lXTHNPRINT ?I1rI2l
53ó FORMAT ( ].X7HEND NOS2I6 I

5ó3 FORMAT(1X59HLOAD UNI TAPÊ NILSSON NO.2 ON I7 AND PRESS START WHEN
TREADY/./////'

517 FORMAT(3ôI'10 REI'IOVE UNI TAPE NILSSOI.¡ NO.2 FROM 87//////'I
704 FORMAT(lIHTJ NONSENSE T5///I
998 FORMAT (86H0 THE OPERATOR MAY CLAI¡l ONE PINT OF ALE FROI'I-THE AUTTIOR

1 ON PRESENTATION OF THIS SHEET//////I
READ INPUT TAPE 2¡2TITMONAT
READ INPUT TAPE 2¡3O0TNPRINTTNQUAL
READ I NPUTTAPEZ ¡ 536 ¡NSTART TNSTOP
PRINT 5ó3
PAUSE
REI.JIND 17
CALL DNSII I ( 1? )

NEI'lD= I
DO 610 J=I¡36
NORLT(J)=0
NORAL(J)=0
NO|/AZ(Jl=0
N0RAZ(J¡=g



4c,6

611

6t2

6t3

ó14

NODAZ(Jl=0
NODRG(Jl=0
NOAEL(J)=0
NOTEL(J)=0
NOAGP(Jl=0
NOANL(Jl=0
NOTAN(J)=0
NOTLT(Jl=0
NOTALIJ)=0
NORA(J) =0
DO ó11 l=lrl8
NORAD( I rJ)=0
NOJAZ(IrJl=0
CONÎ I NUE
DO óf2 l=1r12
NOLOM(J r I )=0
D0 ó13 I=1r9
NOLOL(IrJ!=0
DO 6f4 I=1r4
NOLOS(J r I l=0
D0 610 l=1r18
DO 6ló K=lr4
NOHS(IrJrKl=0
DO ó17 K=lr12
NOH(¡rJrK)=0
NORAM(IrJrK)=0
CONT I NUE
DO ó18 I=lr4
D0 618 J=lrS'
DO 618 K-lrl8
NOEL( I rJrK)=0
NOELS(IrJrKl=0
D0 ó19 l=l¡24
NOHR( I )=0
D0 620 I=1¡20
NOSMA( I I =0
D0 ó21 I=1r18
NOEYE(I)=0
NODEC( I I =0
NOWZ(Il=0
NORZ(I)=0
CONT I NUE.
DO 622 I=1r14
I'IOVLC ( I ) =0
NOVGE I I
NOVHE ( I
oo 6??
MTOT(II
DO 624
NOEC(I)
DO 625

ó1ó

617
óI0 ,

618

ó19

620

62r

622

62?

624
10

9

I =0
l=0
I=lr
=Q
I=1r
=Q
l=lr

T2

1-' -ryl7- 
-æEffiF- 

-
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.â.ppend.ix 1"4
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625 NOWH(ll=0
DO 626 I=I¡)

626 NOLGH(Il=0
NLOAD=0
NUMOK=O
NUMP= 0

I3O READ TAPE I7 I NUMBRI MYEAR IMONTH I JOURA I LMSTH I LMSTM I JUMP I I TEM TT1OVE T

IDEVN I VELC T VELOC I T I ME T'..JH T SK I P ;Nh OP I WZ I WAZ T RZ I RAZ I õPS 1 I ËP52 ¡ TLAM T

2TMUTTLAM3TTMU3TRNEbJTHARTRATDECTVELTDRAGtVGETNQ¡WINDTSMATÊTEYETAGPT
ãeNt-, TAN r RLG, RLi r TLG r T LT r ALG r AEI r TEL I Vl-iE I LENGTH I TOPHAS

IF(NUMPI 703¡5?3¡532
5?) lF( NUMBR-NSTART ll1i t5 )2çI3O
5?2 lF(NUMBR-NSTOP, 535¡534t535
534 NEND=O.535 CONTINUE

IF(NOUALl630r630¡63I
6?I IF(NO)130r130¡630
630 CONTINUE

CALL JUDITH (LOADTNUMP)

NUMP=NUMP+1
NOHR ( LMSTH+1 ) =NOHR( LMSTH+1 I +LoAD

K=VELC/I0.0+1.0
I F ( K- L4l 36 ¡36 ¡11

31 K=14
3ó NOVLC ( K) =NOVLC( K )+LOAD

L=VGE/ 5. 0
. .NOVGE ( Lt =NOVGE ( L )+LOAD

M=IVHE-14.01 /2.O
NOVHE ( M) =NOVHE ( M ) +toAD
I=(WH-70.01/5.0+1.0
NOuJH( I ) =NOl'/H( I ) +LOAD

l=VIZ/5.0+1.0
NOWZ(It=NOWZtIt+LOAD
J=WAZ/Io.Q* I o 0
NOWAZ ( J I =NOI,JAZ ( J ) +LOAD
NOJAZ ( I rJ I =NOJAZ ( I I J l+LOAD
I=RZ/5.0t1.0
NORZ(¡¡=NORZ(Il+LOAD
J=RAZlI0.0+1.0- NORAZ(J) =NORAZ( J)+LOAD
NORAD( I rJ)=NORAD( I rJ)+L0AD
DAZ=WAZ-RAZ-90. 0

¡FIDAZ 1601r602t602
601 DAZ=DAZ+360r0
592 ç=DAZ/5.0+L.O

NODAZ ( K ) =NODAZ ( K )+LOAD
' I =DRAG*5.0+1.0

IF( I-3o139t39t40
40 l=36
39 NODRG( I l=NODRG( I l+LOAD

N=AEL/ 5.0+l .0
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603
ó04

ó05
ó06

2?
22

51

NoAEL ( N I =NOAEL ( N ) +LoAD
N=TEL/5.0+lo0
NOTELf N ) =NoTËL ( N I +LOAD
I=AGPl10.0+1o0
NOAGP ( I ) =NOAGP( ¡ )+LOAD
J=ANL/I0.0+1.0
NOANL ( J I =NOANL ( J )+LOAD
K=TAN/1.0e0+I.0
NOTAN ( K) =NOTAN ( K I+LOAD
I=(90.0-TLTI/5.0+1.0
NOTLT ( I ) =NOTLT( J i+LOAD
TAL=TLG-ALG
IF(TAL 160?¡604ró04
TAL:TAL+360.0
J=IALl10.0*1.0
NOTAL f J ) =llOTAL ( J l+LOAD
NOLGHI LENGTH+} ) =NOLGH( LENGTH+1 )+LOAD
I= ( 90.0-RLl I / LO.0+1. 0
RAL=RLG-ALG
¡F(RALIó05r60ór606
RAL=RA u+360.0
J=RAL/10.0+1.0
M=MONTH
NOH( I rJ rM ) =NOH( I rJrM ) +LOAD

l=( 90.0-RLT I /5r0+1.0
NORLT ( I t =NORLT ( I )+LOAD
I = I 90'0-DEC I /1O.0+1. 0
J=RA/ I 0. 0+l ¡ 0
NORAM( I rJ rM) =NORAt4( I rJrM )+LOAD
l=4.0/SMA+I.0
IF( I-412?¡2?¡23
l=4
J=Ex4.0+l ¡ 0
K=EYEl10.0+1.0
NOEL ( I rJ rK) =NOEL I I r J rK)+LOAD
l=l I0.0./SMA)+Io0
NOSl-tA( I l=NOSMA( I )+LOAD
J=E+10¡0+1.0
NOECIJ)=NOECIJ)+LOAD
NOEYE ( K) =NOEYE t K )+LOAD
NLOAD = NLOAD+L0A D

N UMOK = NUMOK +I'¡ QII LOA D

IF(NENDl703¡51r130
CONT I NUE
REWIND I7
DO 24 I=l14
DO 24 K=Irl8
NOELS(IrlrK)=NOEL(I
NOELS(Ir2rKl=NOELS(
NOELSlltS¡K)=NOEL5(
NOELS( I r4rK)=NÓELS(

K)
rK)+NOEL( I r2rK)
rK¡+NOEL(lr3rKl
rKl+NOEL(Ir4¡K)

rlr
Irl
l¡2
l¡3



409Append.ix 1"4

24

18

19
20

zl

101

119
t20

t29
131

CONT I NUE
D0 21 l=1r18
K= I l+Il /2
DO 21 M=lr12
IF(M-IlI8rl8r19
N=4
G0 TO 20
N=lM+1)/3
D0 2l J=l¡36
NOLOL ( Kr J ) =N0LOL ( Kr J I +ÑOH ( I rJ rM)
NORAL ( J ) =NORAL ( J ) +NOH ( I I J rM)
NOHS( I rJrN) =NOHS( I r Jrl.¡l+NoH( I rJrf',',l)
NOLOl"l (JrM)=NCLOI'I (JrM)+NOH( I rJrMl
NOLOS (J r N ) =NOLOS( JrN ) +NOH ( I rJ rM)
NORA I J ) =llOR,A ( J ) +NoRAM ( l r J rM I

NODEC( I )=NODEC( I t+ñORAM( I rJrM )

MTOT ( þl ) =MTCT ( M) +NORAM ( I I J rM I

CONT I NUE
IF( NPRINT ( 1 ) l103 ¡1 19' 101
CCNT I NUE
PRINT 4OO
PRINT 208
PRINT 2OT
PRINT 260¡l(NOHS( I rJrl) ¡J=1r361 I r=IrI8)
PRtNl 202
PRTNT 260 ¡l(NOHS( I rJr 2l ¡J=l r36) I I--1r18 )

PRINT 4OO
PRINT 203
PRINT 260¡l (NOHSf I rJr3l rJ=Lt36l I I =1 rl8 )

PRINT 204
PRINT 260¡l (NOHS( I rJr4l ¡J=I s?61 ¡ I=lrl8l
IF ( NPRI NT ( 3 ) ) 703 ¡129 ¡l2O
CONT I NUE
PRINT 40O
PR¡ NT 205 .:

PRTNT 260¡l (NOLOL(KtJ¡ tJ=1r36) rK=1r91
PRINT 206
PRINT 260¡l (NOLOI'I (JrMl ¡J=1r36) rN1=Irl2)
PRINT 2C7
PRINT 260¡( (NOLOS(JrN! ¡J=lr3ól rN=lr4)
PRINT 274
IF ( NPRI NT ( 4 ) I 70J ¡I39 ¡I3L
CONT I NUE
PRINT 4OO

PRINT 2IO
PRINT 2I1
PRTNT 26I t l(NOEL( IrJrKl rK=1 r18 I rJ=1r4)
PRINT 212
PRINT 26ltl (NOEL l2¡J¡K) ¡(=I rI8 I rJ=l r4l
PRINT 2I3
PRINT 26I¡ l(NOELlTtJtKl rK=Ir18 I rJ=lr4)



410

179
140

PRINT 214
PRINT 26I t l(NOEL l4tJ çKl rK=1 rl8 I rJ=1 r4)
PRINT 4OO
PRINT 2T5
PRTNT 2I1
PRINT 26lr ( (NOELS( lrJrKl ¡K=1r18) rJ=1r4)
PR¡NT 212
PRINT 26I¡l (NOELS(2¡JtKt rK=lr18l rJ=lr4)
PRINT 213
PRINT 26t¡l (NOELSIT¡J¡K) rK=1r18) rJ=1r41
PRINT 214
PRINT 261¡l (NOELS(4rJ¡Kl tK=1r18) rJ=1r4)
¡ F( NPRINT ( 5 I 1703 t109 t 140
CONT I NUE
PRINT 4CO
PRINT 221
PRINT 222
PRINT 2
PRINT 2
PRINT 2
PRINT 2

PRTNT 2
PRINT 2
PRINT 2

62 ¡NOSMA
2?
63 ¡NOEC
24
64 r NOEYE
25
65 TNOAGP

PRINT 22ó
PRINT 265rNOANL
PRINT 227
PRINT 2ó5rNoTAN
PRINT 228
PRINT 265rNORAL
PRINT 229
PRIi.¡T 265¡N0RLT
PR INT 4OO
PRINT 230
PRI NT 2ó5 TNOTAL
PRINT 23I
PRINT 265rNOTLT
PR INT 232
PR¡NT 265rNOAEL
PRINT 233
PRINT 265 ¡NOTEL
PRTNT 234
PR¡NT 266 rNOVHÊ
IF ( NPRINT ( 7 I llO3r 149 r 112
PR I NT4JO
PRINT 273
DO 60 M=1r12
IF I I4TOT ( M I I ó0 ¡60 t62
pRINT 272rñ,ONAT(Ml
PRINT 26ùr( (NORAM( I rJri{) rJ=1r3ó) ¡I=lrlU)
PR tNT 275 rMTOT ( M I

109
l).2

62



411
.Append-ix 1.4

MP AGE=M/ 2
I F ( M-2*l'lP AGE I 6? ¡ 61 t 60

ó3 PRINT 4CO

60 CONT I NUE

149 IF( NPRINT (6 I l1C3'151' 1t0
I50 CONÎINUE

PR I NT 40O
PRINT 2C9
PRINT 260tl (NORAD( I rJ I rJ=1. r36l tl=l ¡ l8l
PRINT 276
PRINT 260¡l (NOJAZ( I ¡J I rJ=1r36 I rI=1r l8l
PRINT 24ó
PRINT 264rNORZ
PRINT 247
PRINT 265rNORAZ
PRINT 40O
PRTNT 244
PR¡NT l64rNOWZ
PRINT 245
PRINT 2ó5rNOfAZ
PRINT 248
PRINT 2ó5TNODAZ
PR¡NT 242
PRINT 26? rNOHR
PRINT 243

' PR I NT 268 I NOtdH

PRINT 249
PR INT 266 TNOVLC
PR I NT 250
PRINT 26óTNOVGE
PRINT 251
PR I NT 26.5 rNODRG
PRINT 252
PRINT 270rNOLGH
PR I Nf 253
PR I NT 265 I NORA

PR I NT 254
PRINT 264'NODEC
PRINT 4OO
PRINT 256'NUMOK
PRINT 257rNUl"lP
PRINT 25BTNLOAD
G0 TO 151

703 PR ¡ NT 704 I NUMBR
I 51 CONT I NUE

PRINT 5I7
PRINT 999rNUi''lBR
I F ( NPRI A¡T ( 2 ) l7O? ¡99 6 t991

997 PRINT 4OO
PRINT 998

996 CALL EXIT
ÊND



4L2

SUBROUTINE JUDITH ( LOAD'NUMP)
NEED SUBPROGRAMS DIFFERIAZ
DIþ1ENS ION JUMP I 3 ) I I TaM ( 3 ) ¡MOVE ( 3 I rD[Vlt ( 3 ) I'VELCC (31 ¡T ll'18 ( 3 I'

lw¡ND(3)TTOPHAS(3)
DI¡\iENSION GTl18¡)6t2 )r¡/(5lrr,/M(5)
DIMENSION RESIAK( 18 r36)
COMMOI'¡ NUtItsRTMYIARTMONTHTJOURATLMSTHTLMSTMTJUMPtITEMTMOVEr

IDEVNTVELCTVELOC¡TIMEThJH¡SKIPTNhOP¡llZtV'lAZrRZ¡RAZTEPStTEPS2TTLAMT
2TMUrTLAM3rTl"lU3'RNEi,/THARTRA'DEC¡VELTDRAGTVGETNQ¡WINDTSMATETËYËrAGPr
3ANL r TAN r RLG r RLT r TLG r TLT I ALG ¡AÊL r T ÈL t VHE I LENGTH I TOPHAS

13 FORI!AT ( I X5HGA I N2E lC. 3 I
I FCRMAT ( I8F4.3 )

2 FORMAT ( 1X17H'dEI GFiT FUNCTIONS 8F4.I¡I2l
3 FORMAT ( IX¡5 rSl0.3 tl 2 ç5F6.2 t l3 I

42 FOR$AT(lX5OHNUMBR ALPHA L t¡J(11 y.l12l l¡J(3¡ lrl(4) wl5l-LD//,
4 FORMAT ( IX5HËOUI P5X¿F 5. I )2F 5, 2 ¡F 5. Il

¡FINUMPI 20¡20¡2I
20 READ L'¡PUT TAPË 2tI¡GT

READ INPUT TAPE 2¡!7;GA¡N2
READ INPUT TAPE 2¡4¡fA¡T3TTPTRPTWAVE
READ INPUT TAPE 2r2rBETArFIìAG'ldv'WLOADTJAB
READ ¡NPUT TAPE 2r1 TRESIAK
PRINT 4rTArTiSTTPTRPTWAVE
PR I NT 2 t BETA I FRAG I Wl"'l ¡ I'/LOAD I JAB
¡F(JABl2L¡2I¡41

4I PRTNT 42
21 CONTINUE

l,=WZ/5.0+1rO .4

J:wiziió. õii.o
cALL DI FFER ( VIZ / 51 . 3 t ui AZ / 57. 3 r'ú,/rlr TÀ r Tor TZ I TAZ I TR I

L=11.4á*TZ+L.O
M= 5. 7 3*T A Z+I.O
GG =GT( I rJr I )*GT ( LrM¡2 )nGAIN2
R=lrlH./ COS F lVlZ / 57, 3 I
WR= (R+TR )*5.00E-3
F=l¡JR*n3 r/ G6
T=1.0/(TP+WAVE**3)
D=RP*T
ALP=6 o374f+ 13*SQRTF ( F*D I

I F( ALP-1. l7E+12 I 6;6 ¡1
7 ALP=9 .976l+ I8* ( F+D I **2
ó CONTINUË

FOBS= I .O+ ( 2.0+BETA ) *1 . E+2 /vG¿xx ¿

FORM=I.0+ ( 2.0+ÊÌ¿TA ) *0. 0ó25
FNOBS=FOB Sx* 2 / ( I . 0+2. Or+FOcS ) *+3
FNORl"l=FOR Mx # 2 / ( I . 0+ 2 . 0*'FORM ) r+*3

ALP40=ALP* ( 40. 0 /VEL ) x*BETA
ALPN=ALP 40* FhlORt,1,/ F NOd S

I F ( ALPN-f . 17E+12 I 8 r I r 9
8 RPN=(ALPN/ (6.324E+13+SARTF(FxT ) ) )**2

GO TO 10
9 RPN=SQRTF (ALPir / 19.97roc+1Bx(FnT ¡**2) )

10 W(I)=5ORTF(FiPl., 'iP)*Wnr (L
l=RZ/5.0+1.0



Append.Íx 1.4 413

J=RAZl10.0+lo0
H (2 I = ( 0.7071/REStAK( I rJt )*WM( 2 I
t{(31=iìM(3)
IrJ l4 ) = ( 1.0+1.6E+3+FRAG,/ (RNÊW*VE L**2 t )*'$lt'î (4)
PHD=SMA*( 1.0-El
PAS=PHD*( I.0+El
PAST=SORTF ( 2.0-PAS-1.0/SMA I
ASFA=4o. O*VGE*S ¡ NF ( ÊYE/57. 3 ) *PAsT / lV GEx* 2+I 24. 9r I

t{(5)=ASFA*l./Mlil
WE I Gl-iT =WLOAt)
DO 15 K=l15

I5 WE IGHT=WE IGHT*1., ( K )
- ¡Ff þjEIGHT-25.0¡ 16r16r17

I7 LOAD=25
GO TO 18

16 LOAD=WEIGHT
l8 IF (JAB l22L¡22It19
l9 PRINT 3TNUMURTALPTLENGÍH rirlrLOAD

22I RETURI,I
END



4r4

SUBROUTINE DIFFER IPZ¡PAZrHrArBrPZl rPAZlrRl )

CSPZ=COSF ( PZ )

SNPZ=SORTF ( 1. 0-CSPZ* *2 I

R=H/cSPZ
SNPAZ=S T NF ( PAZ I
CSPAZ=COSF ( PAZ I
t=Q*gf{p/+csPAz
Y=R*SNPZT.SNPAZ
X1=X-A
Y1=Y-B
ZL=H
R l=SQRT F I X1 **2+Y l**z+Zlxx2 |

PLI=X1 /RI
PMI=Y1lR1
PN1=21lR1
SNPZf=gORTF ( 1.0-PN1**2 )

PZI=ATANF.SNPZl/PNI)
PAZI=AZ ( PLI rPMl | /57.?
R ETURN
END

184
186

FUNCT I ONAZ ( DL I DM )

IFfDL)t83rl84rl85
IF(DM) 186 r186r 187
AZ=27 0 .O
GOTO188
AZ=90.0
GOTOl 88
AZ= 180 .O+r7. 3*Af ANF ( DM/DL I

GOTO188
AZ=5'l .3xATANF ( DM/DL )

IF(AZ)189r190r190
AZ=360.0+AZ
RETURN
END

I87

183

185
188
189
190
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TO .APEX

Distribution d.ata from Program 167.2 
i

(f ) Observed. d.istributions: 
ì

SSASONAL ¡iAPS OF ECLIPIIC LATITUDB V LONGTTUDE-REL.

FEBRUARY r it'IARCH r APR I L
õ.1
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0000000
0c00000
0c10000
0000000
0000001
0c00101
410011'
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0000311
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0000000000000000
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0000000000000000
0000000000000001
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000000
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D¡STRI BUTION lrlTH SEþ'it-i.lAJOR AXIS I ECCENTR¡CITY AND TNCLINATION
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DI.<Ti:TBUTICN OF tI'IDIVIDUAL ORBITAL ELEI\IENTS
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Obsiervedt {Llstri}utions (cont. )

ürruBm oF oK ECBOES IISED ¡329

r(TrÁr NulrBm, oF ECHops usgD 2OO4

TOTÄ], TTETGIHT'ED NI]I!tsER. OF ECEOES USED 2OO4

(Z) Ðistributions coneoted. for observational selection:

T=o
ì eoulp -22.4 -4.8 Oì25 O.50 !!,2

wÈraHr FuNcTIoNS o. o. 1.0 0"7 1¡0 1 n0 4.0 5.0 0

NUMBER OF OK ECHOES USED 6161 ft"<'/'{fr/)

TOTAL NUMBER OF ECHOES USED 2OO4

TOTAL I¡JEIGHTED NUMBER OF ECHOES USED 10111

I



DISTRB. CORR. FOR O¡S. SH,. 431Âppend.lx l.l

'Q= 2

EOU I P -22¡4 -4,8 ''O c25 O r
weiaHr FUNCTIONS 2ro o. 0.

NUMBER OF OK ECHOES USED 5985 { r^r<-'Vn6l )

TOTAL NU¡4BER OF ECHOES USED 2OO4

TOTAL I¡JETGHTED NUMBER OF ECHOES USED 958?

T/ = *

50 l]-tZ
8 0.7 1.0 1.0 4.0 5¡0 0

0.50 IIo2
Oo7 O17 1nO 1oO 4o0 5'0 0

EOUIP. -22,4 -4,8 Oc25
WEIGHT FUNCT'IONS 4.0 O.

NUMBER OF OK ECHOES USED 6081 (

TOTAL NUI4BER OF ECHOES USED 2OO4

TOTAL WEIGHTED'I{UMgEN ôÈ ECHOTS USED 9531
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(3) Distributions corrected for observational àncL astro-
nômical selection:

4= o

453

I'IETgflT TUNCTIONS O.

TOTAI T,IEIGETgD NUMB.ffi.

o.25 0.50 rI.2
o. . 1.0 . o.? 1.0 1.o 4.o 5.5 0

OF ECEOES" USED TO347

T']TEIGET ruNCTIONS 2JO

TOTÁI .I,IEïGHTdD I{UIUBffi.

0.8 0.7 1.0 1.0',4.0 6.3 o

ECHOES USED TôOO8

4=7
0.

OF

n-- +
Iü-ETGHT liutuclrous 4.0 o. o.B 0.7 1.o 1.0 4.0 5.8 o

T0TÁI T,J-EIGI{TED IIIIMBm OF ECHON USEÐ 9978



'I

i

,t
t

I!
I
r!

:

ITH

.s
\trÈ

D¡STRIAUTTON W

FoR A > 4.0

FoR 4.0)A)2

t.

i

I

I

I

l.
i0
0

26O

:0
i

io
:c

?? -o
sEM¡-i,lAJOR ¡xlsrÈcceruiBlclTY'ÄHO ttlcLltl¡t¡oH

a+

c
'o

t?ç
0000
0 0 0 .0
0000

54óó284

'o"a<,zt'
.z¡< e < 'f
.la 4 .- '))'
,)lie,<t'o

c0
00
00

124 188

0
0
0

144

00
00
00

48 61

'0000
?92424

41 46 30 33
L62 2v5 2)L 350

0

21
49

o 2 ,5 , 2
8 0 .5 20 19

29 Z? 5t 48 52
13 21L 204 L36 lov

o,;o000

0
I

1?
42

00
63
30

21 12

0
0
0

43

0
ó

15
ó

0
?1
r1
25

z,18

0
0
0
1 32

0
0
1

0
0

t8
l8

0
0
0

22

0
5

45
9

100
?20
340
192

o0
5¡4

l8 'l
4 l8

0
4
8

29

0
0

9'

0- 0 0
o o' 0

39 2! ló
30 70 48

0
0
0

55 154

c00
c0c

65 61 61
L79 3A6 377

c
0

100
zAr

00
00

29 22
9 1r4

0
0

rl
45

0
0

50
38

0
0

0
16

0
ô

2A
187

,

tHa
rå
ÐH
td

e)o
w
td

4oF
o
tda
a

F

hrl
Þúo
a

v)

F
a

41
Êt 2

199 44' 36
93 105 22

FOR 2¡0 ) A) 1.3

FCR A ( 1¡3

000
2A L3 24
48 54 a3

211 !24 53

00
o2L
I 12

?3 r8

4
17
3L
71

1
v

14
26

0
L2

ó
2T

0
1

10
18

0
2
6

ó8

2
I

20
6

0
2l

0
0

0
,

35
0I



Þtd
hd
oIp
H.
l\'l
ù
\'l

t
t-{u
'-âÞJ

H

()
o
B

tl
o
Þo

o
td
v2
a

F
Þ
a,
B
Þo
o

v)
H
È1
a

2<O
2<o
¿_<o
L< |

t7
0
o
0
4

/Ì =O,¡
ÎH suMMED ECÉENrRtclTi onoups'I '''

i

I

I

o¡
I

I

TT
I

I

I

.Ç
L

I

I

BOVEA

FOR A>4

2t
I?t
o

0 0. 0 0 0
000000 0 0 ,0 0

95 tr4 54 66 28

0
0
0

6?

0
0
0

48

0
o
0

43

0
0
c

,5

0
.0

349

0
0
0
1

0

0

0
24
)4

l

,0
ioót

+Jõ

000
000

50180
88 ?6 ló

0
0
0

22

0
2
ó

15

I
4
1

l4

00

O

0
28

2L5

2
2L
11

17ó

0
0
0

187

00
24 2e
51 76

00
00

o
0
o

124 188 344 26a

FoR 4.r-')A)2oo

I
0
0

1ó
64

o
4

t2
4l

0
0

2L
9I

0
2
I

76

00020
L26531
18 2L 40 23 1l
39 27 40 29 29

0 -000
lr 19
56 ó9

00('0
65 61

244 453

00
00

29 22
38 l3ó

o0
çì0

4? rOv
559 381

,0 0 0
000

1c9 44 '36
202 L49 58

00
13 24
ó7 tù7

t9l tóû

00
Eó

259
67 3ó

c0.c32L97
32L48

15 21 73

00
o 2t
t33

?4 51

00
514

23 2L
27 19

0
5

50
59

FOR 2¡0)A)l¡3

2rl 4'2

0
9

5)
26ú

0
2

49
1 )Qa4L2

FOR A ( lr3

0
0

2

0c
38

30 ?1
79 l5J

255
2Lù25
5 ó1 73
6 265 2C9

'4
77

1ú8
179

1
1Û
24
50

s
\n
Vl



Þ
\Jì
o\

4=o
DISTRIBUTION OF INDIViDUAL ORBITAL ELEIIENTS

RECTPROCAL SEMI-MAJOR AXTS

,o'S .tç
163 1222 tzzg tloö'tzal 985

a.t,

412 206
199 2L9

258

Zó6, ti4j 405 428
2t2 354

t?l'
t

170 98 7? '22 
'1 ' 

1

ECCENTR¡CITY

.os - tt
0 17 40

INCLINATICN

t
658

f
82
59tsi

LONGITUDE OF ASCENDING NODE

L

UHa
Fl
Ed
H
tÉ

()
o
FqF

hdo
trJ

o
td
v)

tr

h
F3
FIo
a)
Ed
F{

LoSr !421 1491 l0?0 a33' 792 ó15 188

ARGUi'4ENT OF PERIHELION

71)
202

0 140
0 110

292
401

83ó
40ó

2L7
350

209 3

.582
277
737

491
275

316
187

25'
238

459
424

150
202 óó

0
0

!5 412 ::4?6
so. 201 ].90L

7lt'

I t68
0 338

ÎRUE ANOI4ALY

510
t22

!4V
140

38? 488
226

8o
192 4L3:

o 967
35 206

58
9

' 98 L25
254 LLtl

t74
491

869
10

i+o
432 :.21'

226 398
r99'213

533 436
2)3 178

468 186
94 8!,

107
615

98
519

90
709

2L6
283

293
210 ', ,l

i:.' ' :

APPARÂNT ECLIPTTC LONGITUDE LESS APEX

131
3

202 288
1

168
65

412 161
51 r81

97
?01

9. 5 0
394 615 V27

.APPARANT 
.ECLIPTIC 

LATITUDE

.o o o
z:'e 1494 LL17

20 : .85
1eó 288

99 LCfl
265 31.8

10? 3oo
269 260

289
230

348
17

70t
39

254



'i
I.i
i
I'
I

I
I'I

lRUE ECL:PT" ¡9¡6TTUDE,LESS AÞE:i

-.i)i
4415?

109 169 281,
r3i e7 237 lr4'713 1044 149ó 268

t?

680 165 417 353 2t9
L5?.. 253 .-LO7 l4ó L34

1l+4 '2I7 154
296 L52 228

715:0

7A
?29

ó.1'
618

194
42

3.98 511 ,to

IóS
62'

î
1?4

62

Þ
IJ
td
o
ÞP
H.

'\Jt
a
\'l

t,
H
tå
Fo

F
()
o
ÞÚF

I

ç

21
524

rd;
oF
o
tda

F
b
V)
Ë
Fd'o!
a

a)
ÈÉt{io .ì

\

94
t

3s¡TRUE ECLIPTIC LAT¡TUOE

!

uOO44
27? l24l 1tó8 123 414

APPARA¡\.T SLoNGAT¡ON FROþi APEX

41
28S

71
306

4A
46?

114
251

640 : 678
52 25.

269
?

0627
195 !31 rl3

Ir8 2It
4ló

349 384
21

r21
41

,90
0

'377
0

305
.0

0

TRUE ELONGÀTION FROM APEX

ri ¿ 0 5 14 32
l'lv 625 .lzLO 133ó 1240 938

HELIOCENTRTC VELOCITY

t? t?
53 23 24 :.r3 150

REI4CVE UNI TAÞE NTLSSON NO.z FROùI ô7

EÌ,¡D 4?3ó3

ó8
ó15

L25
356

.ó7
324

ló?
180

2L9
114

I

,88
521

q?
447

21t' L19 209 2?7
16 l8 I 0

t+3 q*/+Vt*
275 304 36t 9tB L372 2r4S 2L98 L822 100

Þvl
-¡



i 
D

I'S
T

R
B

.
C

O
R

R
.

F
O

R
 O

B
S

. &
 À

S
ÎR

O
. S

E
L.

oövv

.o ooo
¡o

ooolì

I 
O

O
Èor

o ooÞ€

o oon{t

O
O

oú¡N

o ooo
N

o c>
ct o

o oúo

O
O

O
rO

O
ç 

{t o

O
O

N
Õ

O
ñrO

d

on!sa\l

c)ooo

ooô¡F

.JO
N

J

oN
6

o 
dñr

f.-o{rñÉ
N

Jtor@
o

fs ¡rì È
-

9vùtthIod

v ì,r|
ju;
etöoo
o

fâf\

ctoon

I

o crn6
.N

H

o orrì€

o oÉ
(D

'G
t

o O
O

or
.ñlH

o oN
{t@

o O
F

-n
N

ooo{

o o.rìlì
oo

o ooo6@

O
 

O
 N

ÍI
60

o¡\oo

O
N

O
O

r

0600
N

oN{ú

cr no@

O
O

rO
F

I'r¡I

zol-zJ.v

ño
z

n<
È

>
L'c.F'ztrj\,\,'Ù

J-

t,.

xtoìÍ.I= rd.ú,r¡-z.oÞlÉ
¡

Þ.ltô

c)d6ñ
Å

a--Ê
d

o(fiN
o¡rt

O
O

O
O

rN

o ood
arl

ooúìn
O

N

oF
S

Íìd(rì

O
N

¡N
.)

N
O

n

oooo\

oooo\ô.N
O

O
O

NÅrv

ooo$¡.,

oooN
o,Å

ooon
¡q 

()
ñ

t:
oO

o\O
 

^
oó<
.i 

o.:ot 
^

^i''.
<

Q
{t1¡ oooo

É
..O

e
oÅ

o
ù-l!

fìnF
O

r
útod

d

od,)o
ú¡F

-+d

' 
ooÈ

-o
d€6

N
{o 

or$
oo

ofq
d 

O
@

rO
o

v 
o:

oo60
d 

dn¡-
oL

oo{ddúd

O
6O

rô
6€O

N

o 
t_. o! \o
cr.t €o

O
ô 

G
N

oçN
ñ

crddol
N

O
ç

O
O

.tO
r

@
N

oooFdndN

o o+
ô¡

oÞ{
oonsC

)F
^)̂,Nuolr

d ¡rl
O

O
F

À
'

N
N

d{

oodNÉ
{

d^¡



AS ABOVE WtTH SUMilED ECCENTRIC¡IY GROUPS
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