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University Park, New Mexico 
1. 

32026 
The latitude and longitude of Jupiter's Red Spot were 

measured f r a n  photographic plates obtained bettleen June 1962 

and May 2965 a t  the Na, Mexico State University Observatory. 

The longitudes measured from photographs have been found t o  

be an order of m a g n i t u d e  more accurate than the longitudes 

obtained f r o m  visual estimates of central meridim transit 

times. 

System 11 longitude f m m  Z O O  i n  J m  1962 t o  24' i n  May 2965. 

The Red Spot w a s  observed to  increase irregularly i n  

The significantly improved accuracy of photographic obser- 

vations made possible the detection of rapid,  short term 

changes i n  longitude. The Red Spot s tmlg  osciltated in 

latitude, remaining within 2.04 of i t s  mean latitude of 22.04 

for the reported interval. 
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INTRODUCTION 

Throughout most of t h e  h i s t o r y  of  Jov ian  obse rva t ions ,  

p o s i t i o n a l  measurements o f  t h e  Red Spot and o t h e r  atmospheric 

f e a t u r e s  have been obtained by v i s u a l  means: t h e  longi tudes o f  

markings have been determined from estimates of  c e n t r a l  meridian 

t r a n s i t  t imes,  and t h e  l a t i t u d e s  have been measured with f i l a r  

micrometers. 

longi tude determinat ions,  t h e  writers have measured t h e  p o s i t i o n  

o f  t h e  Red Spot from photographic p l a t e s  of  J u p i t e r  obtained a t  

t h e  New Mexico S t a t e  Universi ty  Observatory. The photographic 

method has proven t o  be d e f i n i t e l y  s u p e r i o r  t o  v i s u a l  t r a n s i t s  

i n  determining long i tudes ,  and s l i g h t l y  s u p e r i o r  t o  t h e  f i l a r  

micrometer i n  determining l a t i t u d e s .  

photographic method i s  t h a t  a photograph can be measured many 

t imes,  i f  necessary,  while a v i sua l  observat ion can be made only 

once f o r  any given time. Accordingly, small changes i n  t h e  

longi tude of  t h e  Red Spot which could no t  have been de tec t ed  by 

v i s u a l  t r a n s i t  observat ions were measured from t h e  photographs. 

I n  an e f f o r t  t o  improve t h e  accuracy o f  l a t i t u d e  and 

A g r e a t  advantage o f  t h e  
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METHOD 

The photographs were made with t h e  N e w  Mexico S t a t e  Univers i ty ' s  

12-inch r e f l e c t o r  at t h e  66-foot Cassegrain focus,  

t h e  photographs chosen f o r  measurement were taken  i n  b lue  l i g h t ,  

Blue p l a t e s  were s e l e c t e d  f o r  t h e i r  s u p e r i c r  d e f i n i t i o n  of t h e  

Red Spote  and a l s o  of t h e  p lane tary  limb and te rmina tor ,  as 

compared t o  p l a t e s  taken i n  longer  wavelengths, Compare Figures  

1, 2,  and 3 taken i n  b lue  l i g h t  with Figure 4 taken i n  r e d  l i g h t .  

In addi t ion ,  however, a very f 3 w  green and u l t r a - v i o l e t  p l a t e s  

were measured, 

Nearly a l l  of 

Each p l a t e  normally contains  63 images. During t h e  1962-63 

appa r i t i on ,  exposures were made at  30-second i n t e r v a l s ,  

tude  of t h e  c e n t r a l  meridian could thus  be e a s i l y  determined f o r  

each image. I n  1963-64, however, exposures were made a t  t h e  

moments of  b e s t  s ee ing  with t h e  t ime o f  only t h e  first and l a s t  

e x p o s u r s  being recorded, 

p o l a t i n g  t h e  time of any random exposure has been found t o  be 

about 20.3 minutes., During t h e  1964-65 appa r i t i on ,  a time reco rde r  

was employed t o  p r i n t  t h e  time t o  t h e  n e a r e s t  second on a paper  

tape whenever the  s h u t t e r  was opened, 

The longi- 

The probable e r r o r  involved i n  i n t e r -  

The photographic p l a t e s  were processed i n  f u l l  s t r e n g t h  D-19 

developer  u n t i l  October 1963. 

1 : l )  has been used, with a corresponding improvement i n  plate  

q u a l i t y ;  lessened c o n t r a s t ,  smal le r  g r a i n ,  and a sharper  limb 

have increased  t h e  accuracy of t h e  measures. 

Since then UFG developer  ( d i l u t e d  

The image q u a l i t y  
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Fig. 1. Composite photograph of J u p i t e r  i n  
b l u e  l i g h t  showing t h e  b r i g h t  south 
temperate  oval  "FA" n e a r  conjunct ion 
with the  Red Spot ,  19 August 1964, 
1036 U. T., w2 = 24'. 

Fig. 2 .  Composite photograph of J u p i t e r  i n  
b l u e  l i g h t  showing t h e  b r i g h t  sou th  
temperate o v a l  ' B C "  n e a r  con junc t ion  
with t h e  Red Spo t ,  28 January 1965, 
0407 U. T., w = Z O O .  Note t h e  
changes i n  r e l a t i v e  i n t e n s i t y  of 
many of t h e  b e l t s  and zones (com- 
p a r e  wi th  Fig. 1). 

. .- 

Fig. 3 .  P o s i t i v e  and nega t ive  p r i n t s  of .Tupiter 
i n  b l u e  l i g h t ,  2 3  October 1964, 0901 
U .  T . ,  w2 = 1 9 O .  The p o s i t i v e  p r i n t  is 
a composite of t h r e e  images. The nega- 
t i v e  p r i n t  w a s  made from a s i n g l e  image. 
In  p r e p a r i n g  t h e  nega t ive  p r i n t s  f o r  
t h i s  and t h e  fol lowing f i g u r e ,  an a t -  
tempt was made t o  reproduce t h e  photo- 
g raph ic  image much as  i t  appears on 
t h e  o r i g i n a l  p l a t e .  

Fig. 4. P o s i t i v e  and nega t ive  y r i n t s  of J u n i t e r  
i n  r e d  l i g h t ,  23 October 1964, 0840 
U. T., w = 6 ' .  The p o s i t i v e  p r i n t  is 
a compos$te of t w o  images. 
t i v e  p r i n t  was made from one image. 

The neya- 
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was improved again i n  June 1964, when t h e  t e l e scope  was moved t o  

i ts  p resen t  l o c a t i o n  on 4750-foot Tortugas Mountain, where much 

b e t t e r  s ee ing  p r e v a i l s  

The b e t t e r  images on each p l a t e  were measured wi th  a Mann 

measuring machine. 

measured, t h e  h o r i z o n t a l  c r o s s h a i r  i s  set p a r a l l e l  t o  t h e  p l a n e t ' s  

equator ,  and measures a r e  made a t  t h e  e q u a t o r i a l  limbs, a t  t h e  

limbs at t h e  l a t i t u d e  of  t h e  Red Spot ,  and a t  t h e  preceding and 

fol lowing ends of  t h e  Red Spot i tself .  

each image, and f o u r  images are measured on each p l a t e ,  

When t h e  longi tude of t h e  Red Spot is  

Four measures are made of  

A similar procedure i s  used i n  recording t h e  zenographic 

l a t i t u d e  of  t h e  Red Spot, 

image,, and about t h r e e  images a r e  measured p e r  p l a t e ,  

zon ta l  c r o s s h a i r  i s  set p a r a l l e l  t o  t h e  equator ,  and measures 

a r e  made a t  t h e  no r th  and south limbs of  t h e  p l a n e t  and a t  t h e  

no r th  and south  edges of  t h e  Red Spot, 

Again, f o u r  measures are made of each 

The ho r i -  

MEASURING UNCERTAINTIES 

During t h e  1964-65 appa r i t i on ,  t h e  longi tude  o f  t h e  Red Spot 

could be measured with a probable e r r o r  of  about *0:60 p e r  measure, 

as compared t o  a probable  e r r o r  of  *1:2 (Haas and Johnson, 1943; 

and Reese, 1962) for a longi tude der ived  from a s i n g l e  v i s u a l  

t r a n s i t ,  

p l a t e ,  t he  probable  e r r o r  of t h e  longi tude  of  t h e  Red Spot was 

reduced t o  about *0:15, 

a probable  e r r o r  of  approximately one-tenth of a degree or l e s s ,  

Since a t o t a l  o f  16 measures was usua l ly  made for each 

The b e t t e r  p l a t e s  could be measured with 
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A check is  kept  on the  accuracy o f  t h e  limb measures by 

comparing t h e  measured diameter of t h e  p l a n e t  t o  t h e  diameter  

computed from t h e  ephemeris, 

t o  t h e  computed diameter  is almost always very n e a r  1,000, 

probable  e r r o r  of  t h i s  r a t i o  f o r  a s i n g l e  image is about *0,010, 

A dev ia t ion  t h i s  small i n d i c a t e s  t h a t  t h e  p o s i t i o n  of  t h e  limb can 

be measured with cons iderable  p rec i s ion ,  

p l a t e  scale is  known w i t h  grea t  accuracy (Smith, 1964), t h e  

va lues  of t he  p o l a r  r ad ius  and t h e  r a d i u s  o f  t h e  p a r a l l e l  of 

l a t i t u d e  conta in ing  t h e  cen te r  of  t he  Red Spot a r e  computed 

d i r e c t l y  from t h e  ephemeris and used i n  t h e  reduct ion  formulas,  

The r a t i o  o f  the measured diameter  

"he 

Furthermore, s i n c e  t h e  

CORRECTIONS 

There e x i s t  sys t ema t i c  d i f f e rences  i n  t h e  dimensions of t h e  

Red Spot as measured by t h e  writers, 

by Reese make t h e  Red Spot 1:6 longer  and l:2 wider than measures 

by Ss lberg ,  

an equal  bu t  oppos i te  co r rec t ion  t o  t h e  measures of each observer ,  

Although the  writers d i f f e r e d  on t h e  p o s i t i o n  o f  t h e  ends of  t h e  

Red Spot ,  they d i d  agree t o  within 0:l on t h e  l o c a t i o n  of t h e  

c e n t e r  of t h e  Spot, 

On t h e  average, measures 

These d i f f e rences  have been minimized by applying 

Longitudes obtained from t h e  measurement of photographs a r e  

This s u b j e c t  t o  a sys temat ic  e r r o r  known as phase exaggera t ion ,  

phase e f f e c t ,  which is i n  excess of  t h e  geometric phase de fec t  

t abu la t ed  i n  t h e  American 

caused by f a i n t n e s s  and loss of t h e  geometric t e rmina to r  and by 

and Naut ica l  Almanac, is - 
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i r r a d i a t i o n  at  t h e  b r i g h t  limb. 

measured longi tudes  to  be too low before  oppos i t ion ,  and t o o  

high a f t e r  opposi t ion.  The e r r o r  is  l a r g e s t  a t  quadra ture  and 

diminishes  t o  ze ro  at  opposi t ion,  A comparison of t h e  r o t a t i o n  

pe r iods  of both t h e  Red Spot and t h e  long-enduring b r i g h t  ova ls  

i n  t h e  South Temperate Zone between success ive  quadra tures  and 

success ive  oppos i t ions  ind ica t e s  t h a t  longi tudes der ived  from 

v i s u a l  t r a n s i t s  a r e  s u b j e c t  t o  a sys temat ic  e r r o r  of about +1:2 

a t  quadrature ,  This value is supported by d i sc repanc ie s  between 

t h e  observed and computed c e n t r a l  meridian transit times of 

s a t e l l i t e s  and t h e i r  shadows a t  oppos i t ion  and a t  quadrature .  

A comparison of t h e  d r i f t  r a t e s  of  t h e  Red Spot dur ing  t h e  last  

t h r e e  appa r i t i ons ,  a s  determined from v i s u a l  t r a n s i t s  and from 

measures of photographs,  i nd ica t e s  t h a t  t h e  e r r o r  caused by phase 

exaggerat ion i s  about +OP6 a t  quadra ture  f o r  longi tudes  measured 

from t h e  New Mexico S t a t e  Universi ty  Observatory photographs i n  

b luc  l i g h t ,  

has  been appl ied  t o  a l l  longi tudes measured from t h e  photographs. 

A more d i r e c t  method of determining t h e  e r r o r  caused by phase 

exaggerat ion i s  being scheduled f o r  t h e  appa r i t i on  of 1965-66. 

Phase exaggerat ion causes  t h e  

A cor rec t ion  based on t h i s  maximum e r r o r  a t  quadra ture  

RESULTS 

The longi tude of t h e  Red Spot i n  System I1 from 20 June 1962 

t o  2 May 1965 i s  i l l u s t r a t e d  i n  Figure 5. During t h e  1962-63 

appa r i t i on ,  t h e  longi tude of t h e  Red Spot increased  from l o o  

t o  n e a r l y  18". The d r i f t  during t h a t  appa r i t i on  was cha rac t e r i zed  
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by sharp  inc reases  i n  System I1 longi tude followed by long pe r iods  

of  l i t t l e  motion. 

appa r i t i on ,  i nc iden t ly ,  supersede t h e  pre l iminary  resul ts  r e p o r t e d  

e a r l i e r  by Smith and Tombaugh (1963). During 1963-64, t he  Spot 

o s c i l l a t e d  between 15O and 18O. Rapid i n c r e a s e s  i n  longi tude were 

followed by gradual  dec l ines ,  

longi tude  g radua l ly  increased f r o m  18O i n  June t o  24O i n  Apri l .  

Although t h e r e  were d e f i n i t e  i r r e g u l a r i t i e s  i n  t h e  d r i f t  o f  t h e  

Red Spoto  t h e  l a rge ,  sharp  jumps of t h e  preceding yea r s  were 

absent  dur ing  the  appar i t ion .  

These newly measured p o s i t i o n s  f o r  t h e  1962-63 

During t h e  1964-65 appar i t ion ,  t h e  

The length of t he  Spot decreased dur ing  t h e  t h r e e  a p p a r i t i o n s  

from a mean o f  24:2 i n  longitude dur ing  1962-63 t o  a mean o f  2 3 t 4  

i n  1964-65. 

1962-63 t o  lZP0 i n  1964-65, 

about 27,200 km; t h e  mean width was about 13,400 km, 

The width a l s o  decreased from 13:O i n  l a t i t u d e  in  

During 1964-65, t h e  mean length  was 

The d r i f t  i n  l a t i t u d e  during a l l  t h r e e  appa r i t i ons  was charac- 

t e r i z e d  by small gradual  changes; t h e  c e n t e r  of t h e  Red Spot never  

v a r i c d  inore than 1:4 from its mean l a t i t u d e  of 22:4, 

I n  Figure 6, n o t i c e  the  d i r e c t  c o r r e l a t i o n  between changes 

i n  width and v a r i a t i o n s  i n  l a t i t u d e  of t h e  cen te r  of t h e  Red Spot. 

Whcn t h e  width decreases ,  the l a t i t u d e  o f  t h e  c e n t e r  of t h e  Spot 

decreases ,  and v i ce  ve r sas  This  r e l a t i o n s h i p  between l a t i t u d e  

and width has a c o r r e l a t i o n  c o e f f i c i e n t  of 0.66. This  e f f e c t  i s  

explained by t h e  f a c t  t h a t  the  south edge of  t h e  Red Spot v a r i e d  

more i n  l a t i t u d e  than t h e  north edge, 



Figure 6 :  L a t i t u d e  and Dimensions of t h e  Red Spot  
(monthly means) 
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The d r i f t  of t h e  Red Spot i n  System I1 longi tude during t h e  

i n t e r v a l  covered by t h i s  paper i s  summarized i n  Table I. 

longi tude of t h e  c e n t e r  of t h e  Red Spot i nc reased  from 10:3 on 

20 June 1962 t o  24:8 on 2 May 1965 corresponding t o  an average 

r o t a t i o n  pe r iod  of 9 55 41,2, Thus t h e  Red Spot has  continued 

t o  d r i f t  i n  t h e  d i r e c t i o n  of i nc reas ing  longitude--a t r e n d  which 

began i n  1939. 

are given were computed by t h e  method of least squares ,  

each time i n t e r v a l  covered by t h e s e  pe r iods  t h e  d r i f t  was essen- 

t i a l l y  l i n e a r ,  As y e t  we have been unable t o  c o r r e l a t e  t h e  

i r r e g u l a r i t i e s  i n  t h e  motion of  t h e  Red Spot with any o t h e r  

a c t i v i t y  v i s i b l e  i n  t h e  p l a n e t s s  atmosphere. 

r e l z t i o n s h i p s  have been observed, bu t  t h e  numerous and errat ic  

changes i n  t h e  Red S p o t P s  r a t e  of d r i f t  preclude,  a t  t h i s  time, 

t h e  establ ishment  o f  any d e f i n i t e  c o r r e l a t i o n s  between t h e  

motion of t h e  Red Spot and the motion o f  any o t h e r  atmospheric 

f e a t u r e  

The 

h m s  

The r o t a t i o n  per iods f o r  which probable e r r o r s  

During 

A few p o s s i b l e  

CONCLUSIONS 

Hide (19631, i n  explaining h i s  model of t h e  Red Spot, 

proposes t h a t  t h e  atmospheric flow around t h e  Spot is less 

t u r b u l e n t  on t h e  north o r  equatorward s i d e ,  as i s  evidenced by 

t h e  presence of t h e  Red Spot Hollow. 

south o r  poleward edge of the Spot would be b u f f e t e d  more, and 

would t h e r e f o r e  show g r e a t e r  v a r i a t i o n s  i n  l a t i t u d e .  Such is 

apparent ly  t h e  case, as i s  shown by t h e  c o r r e l a t i o n  between 

l a t i t u d e  and width explained i n  t h e  previous sec t ion .  

This would imply t h a t  t h e  

\ 
Obviously,, 
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many more than t h r e e  appa r i t i ons  w i l l  be needed t o  eva lua te  t h e  

v a l i d i t y  of Hide's assumption. 

During these  p a s t  t h r e e  appa r i t i ons ,  no c o r r e l a t i o n  has  been 

found between t h e  longi tude of t h e  Red Spot and i t s  length. 

c o r r e l a t i o n  would be expected i f  any of  t h e  observed irregularities 

i n  t h e  long i tud ina l  d r i f t  o f  t h e  Red Spot were caused by a p e r i o d i c  

b u i l d  up and d i s s i p a t i o n  of da rk  material o r  obscuring material 

a t  e i t h e r  end o f  t h e  Spot. 

i t s  longi tude and l a t i t u d e ,  as might be expected if angular  

momentum ,were conserved within t h e  Red Spot i t s e l f .  

Temperate Zone 

as  they passed by; however, the  motion of t h e  ova ls ,  themselves,  

may have been a f f ec t ed  by the  proximity of t h e  Red Spot., 

A 

No c o r r e l a t i o n  has  been found between 

The South 

ova ls  seemed t o  have had no e f f e c t  on t h e  Spot 

I t  should not  be construed t h a t  sys t ema t i c  and c a r e f u l l y  

executed c e n t r a l  meridian t r a n s i t  observa t ions  a r e  no longer  

needed., 

method of determining t h e  longi tudina l  d r i f t  of a l a r g e  number 

of markings i n  t h e  var ious  atmospheric c u r r e n t s .  The time and 

labor  involved i n  making p r e c i s e  measures of  photographs a r e  

such t h a t  t h e r e  is  no immediate prospec t  of adequately fol lowing 

t h e  d r i f t s  of more than a few s e l e c t e d  ob jec t s .  

On t h e  con t r a ry ,  they remain a very u s e f u l  and p r a c t i c a l  
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TABLE I 

DRIFT OF RED SPOT I N  SYSTEM I1 LONGITUDE 

Drift During Successive Intervals 

Limiting Dates 

20 Jun 62 - 7 J u l  62 

26 J u l  62 - 30 Sep 62 
30 Sep 62 - 15 Oct 62 
15 Oct 62 - 31 Dec 62 
31 Dec 62 - 19 J a n  63 

7 Jul 62 - 26 J u l  62 

2 May 63 - 12 Jun 63 
12 Jun 63 - 29 Jun 63 
29 Jun 63 - 30 J u l  63 

11 Aug 63 - 27 Sep 63 
27 Sep 63 - 1 7  Oct 63 
17 Oct 63 - 4 Jan 64 

4 Jan  64 - 16 Jan 64 
16 Jan 64 - 28 Mar 64 

30 J u l  63 - 11 A u ~  63 

10 Jun 64 - 2 Aug 64 
2 AUg 64 - 27 Aug 64 

27 Aug 64 - 6 Oct 64 
6 Oct 64 = 11 Dec 64 

11 Dec 64 26 Jan  65 
26 Jan 65 - 5 Feb 65 

5 Feb 65 - 3 Mar 65 
3 Mar 65 - 2 May 65 

Limiting 
Longitude s 

10:3 - 10:9 
10,9 - 13,2 
13.2 - 13,9 
13,9 - 16.6 
16,6 - 16,3 
16,3 - 17,2 

18,l - 16,s  
16.5 - 17,4 
17.4 - 16,8 
16,8 - 18.1 
18,l  - 15,7 
15.7 - 17.6 
17,6 - 15,2 
15,2 - 17.3 
17.3 - 17.6 

18,O - 19,8 
19,8 - 19,3 
19.3 - 21.0 
21.0 - 20,9 
20,9 - 23.1 
2 3 , l  - 22 , l  
22 , l  - 22,2 
22.2 - 24.8 

D r i f t  
degrees/day 

+0:030 +0:001 
+O. 125 
40.010 50,003 
90.180 

+O. 047 
-0.004 +0,003 

-0.038 t0.005 
90.052 

90. 106 

+O,  098 

90,182 
+0.004 50.002 

-0.019 +0,003 

-0,051 +0.007 

-0,031 20.002 

90,033 k0,007 
-0.020 50,005 
90 e 039 20 004 
-0.002 20.003 
+ O .  049 50,005 

+0,003 50,006 
90,044 +0,005 

-0,099 20,032 

Mean D r i f t  During t h e  Appari t ions 

20 Jun 62 - 19 Jan  63 10:3 - 17:2 +0:032 
2 May 63 - 28 Flar 64 18.1 - 17,6 -0.002 

10 Jun 64 - 2 May 65 18,O - 24.8 +0.021 

Rotation Period 

gh 5Sm 41s9 %fl 
45.8 

48.0 
40.4 M o l  
42.6 

41,O 20.1 

3 9 , l  +0,2 
42.8 
39.8 +0,2 
45.0 
38-5 +0,3 
44,7 
39.3 50.1 
48.1 
40.8 ? O o l  

42.0 20.3 
39.8 50.2 
42,2 50,2 
40.6 +0,1 
42,? 20,2 
36.7 r1,3 
40,8 +0,3 
42,4 20,2 

gh 5Sm 42zO 
40,6 
41,s  

Mean Drift Between Successive Opposit ions 

31 Aug 62 - 8 Oct 63 13:6 - 16P7 +0:008 9’’ 5Sm 41zO 
8 Oct 63 - 13 NOV 64 16,7 - 21.0 +0,011 41.1 
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TABLE I1 

MEAN LATITUDES, LONGITUDES, AND DIMENSIONS OF THE R E D  SPOT 

Jun 
Ju  1 
Aug 
SeP 
oc t 
N ov 
De c 
JXl 
Me an 

Slay 
Jun 
Ju  1 
Aug 
SeP 
Oct 
N ov 
De c 
Jan 
Feb 
Mar 
Me an 

Jun 
J u  1 
Aug 
SeP 
Oct 
Nov 
De e 
Jan 
Feb 
Mar 

blay 
Me an 

APr 

Zenographic Lat i tude 

S L) edge 

-30%6 
29.3 
28.7 
28.7 
28,9 
29.0 
29, '7 
30,O 

-29,2 

-29.8 
29.3 
28,7 
2 8 , l  
28,2 
28.4 
2g0 1 
29,6 
2Y03 
29,4 ---- 

-28,7 

-29,4 
28,7 
28,2 
28.2 
28,O 
28,O 
28,O 
28,O 
2 7 , 9  
27,9 
2 8 , 2  
-=--- 

-28.1 

Center  

- 23:6 
22.4 
22,2 
22.5 
22,8 
22.9 
23.0 
23,6 

-22,7 

-23,O 
22 ,6  
22.5 
22,1 
22,3 
2 2 , l  
22,6 
2 3 , l  
22.8 
22.8 

-22,s 

-23 0 0 
22.4 
22.2 
22.1 
22.0 
22.2 
2 2 , l  
22.1 
21.8 
22.0 
22.0 

-22 .1  
---_ 

N, edge 

-16P5 
15.3 
15.6 
16,3 
16.6 
16.7 
16,s 
17.0 

-16.2 

-16.2 
15,9 
16,3 
16.2 
16.4 
15,s  
1 6 , l  
16,s 
16 ,s  
16,3 ---- 

-16.2 

- 16,6 
16.1 
15.9 
16.1 
16.1 
16.5 
16.2 
16.1 
15.7 
16.1 
16.1 ---- 

-16-1 

Width 
( la t )  

14: 1 
14.0 
13.1 
12.4 
12 ,3  
12.3 
13,2 
13.0 
13,O 

13,6 
13,4 
12.4 
11,9 
11.8 
12.6 
13.0 
1 2 , s  
1 2 , s  
13, l  

12 ,s  

12,s 
12,6 
12.3 
1 2 , l  
11.9 
11,s 
11,s 
11.9 
12.2 
11.8 
12" 1 

1 2 , o  

---_ 

lo. of 
) lates 

1 
3 
3 
4 
2 
2 
4 
2 

21 

1 
2 
6 
2 
7 

11 
2 
5 

' 6  
5 

47 

1 

5 
9 
9 
9 
6 
6 
4 

2 

61 

' 7  

, 3  

--- 

Longi- 
t ude  IT 
Center 

10:3 
11,8 
13,s 
13 ,8  
16.4 
16,6 
16,2 
17.7, 
13,6 

16,6 
16 ,8  
17.0 
17,2 
16,s 
1 7 , l  
16,3 
15,s 
17,O 
17,4 
1?,4, 
16 ,7  

18.6 
19.4 
19 ,s  
20.2 
21,o 
21 ,o  
21,4 
22,7 
2 2 , l  
22,9 
23.8 
24.3, 
21.0 

~~ 

.ength 
:long) 

23: 8 
24.6 
24.1 
23,7 
23.5 
24,6 
24.8 
24.2 
24.2 

23.1 
22.6 
22 .1  
22,9 
24.2 
24 2 
23.6 
24.5 
24,O 
23.3 
25,O 
23,7 

23,7 
24,2 
23,s 
22.7 
22.9 
23,s 
23.1 
23.5 
23.7 
23,7 
23.5 
23,s 
23.4 

lo. of 
, la tes  

1 
3 
3 
4 
3 
3 
4 
2 
2.3 

1 
3 
6 
2 
7 

12 
2 
5 
6 
5 
1 

50 

1 
8 
'7 
9 

10 
11 
8 
9 
5 
5 
4 
2 

79 

a Longitude a t  opposi t ion 


