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T h i s  r e p o r t  d e s c r i b e s  s i x  p l o t t i n g  pnckngrs f o r  u s e  w i t h  tric 
SC4020  p l o t t e r ,  Three  o i  t h e  pacliitges a r e  f o r  p l o t t i n g  niaps, two f o r  
p l o t t i n g  t ime series and one  f o r  g e n e r a l  c a r t e s i a n  c o - o r d i n a t e  gral) l ls .  
11 r o u t i n e  f o r  d rawing  d o t t e d  l i r l e s  i s  a l s o  described. 

1. INTRODUCTION 

I n  t h e  p a s t  few y e a r s  t h e  UKAEA Seisniology Group a t  BlacknesL 
have  been  d e v e l o p i n g  v a r i o u s  p l o t t i n g  r o u t i n e s  f o r  u s e  w i t u  t h e  SC4U2U 
p l o t t e r  i n  c o n j u n c t i o n  w i t  h t h e  IUM7030 (STRETCH) computer ,  These  r o u t i n e s  
have  been d e s i g n e d  s p e c i f i c a l l y  f o r  p l o t t i n g  s e i s m i c  d a t a  b u t  t h e y  can  b e  
used  f o r  p l o t t i n g  o t h e r  d a t a ,  'i'llis r e p o r t  d e s c r i b e s  t h e  r o u t i l l e s  and t h e i r  
u s e  a s  t h e y  Inay be  of v a l u e  t o  o t h e r  computer  u s e r s .  

S i x  p l o t t i n g  packages a r e  d e s c r i b e d ;  t h r e e  are f o r  p l o t t i n g  
maps : - 

APPlAP - p l o t s  mops on an  a z i m u t h a l  g r e a t  . c i r c l e  p r o j e c t i o n  

MERCAT - p l o t s  maps on a m e r c a t o r s  p r o j e c t i o n  

F P L ~ T  - p l o t s  maps on an o r t h o g r a p h i c  p r o j e c t i o n ;  

two packages  a r e  f o r  p l o t t i n g  t ime series d a t a : -  

TIMSEK - p l o t s  d a t a  f o r  a s i n g l e  t i m e  series 

CttAN - p l o t s  up t o  20 c t i anne l s  of  d a t a ;  

t h e  r ema in ing  package  i s  

CAKGRF - p l o t s  d a t a  on a  c a r t e s i a n  c o - o r d i n a t e  graph.  

A s e r i e s  of  s u b r o u t i n e s  f o r  p l o t t i n g  d o t t e d  l i n e s  is a l s o  g iven .  

I n  what f o l l o w s  i t  is assumed t h a t  t h e  main program of t h e  deck  
which c a l l s  one of t h e s e  p l o t t i n g  r o u t i n e s  has  

CALL SCLIBK 

a s  i t s  f i r s t  e x e c u t a b l e  s t a t e m e n t  and t h a t  t h e  a p p r o p r i a t e  SC4U20 c a r d  has 
been  i n c l u d e d  i n  t h e  d a t a  deck.  

2 .  MAPPING KOUTINES 

The b a s i c  d a t a  of a l l  t h e  mapping r o u t i n e s  is a l i b r a r y  of 
s l ~ o r e l i n e  c o - o r d i n a t e s  d e f i n i n g  t h e  major  l a n d  a r e a s ,  i s l a n d s  and t h e  
l a r g e r  i n l a n d  b o d i e s  of  wa te r .  These  c o - o r d i n a t e s  were  colnpiled by 



Dr. A.V. tlershey of t h e  Naval Weapons Laboratory  ' a t  L)al~lgren,  V i r g i n i a .  
The c,o-ordinates are expressed r e l a t i v e  t o  t h r e e  r e c t a n g u l a r  axes  w i t h  
o r i g i n  a t  t h e  c e n t r e  of t h e  e a r t h ;  t h e  e a r t h  is  assumed t o  be  a sphere  
of u n i t  r a d i u s ,  

These rectar lgular  co-.ordinates have been conver ted  t o  degrees  
and minutes l a t i t u d e  and l o n g i t u d e  ( p o s i t i v e  n o r t h  and e a s t ,  n e g a t i v e  
s o u t h  and wes t )  and s t o r e d  on punched c a r d s ;  a l i s t i n g  of  t h e s e  c a r d s  
i s  g iven  i n  appendix C. 

A second b i n a r y  t a p e  has  been prcpared c o n t a i n i n g  t h e s e  
l a t i t u d e  an3 l o n g i t u d e  p o i n t s .  The b inary  t a p e  of l a t i t u d e  and l o n g i t u d e  
p o i n t s  is  used a s  i n p u t  t o  APMP and MEKCAT; t h e  o r i g i n a l  t a p e  is used 
a s  i n p u t  t o  MPL~T. 

Each l and  a r e a  o r  enclosed wate r  body is d e f i n e d  a s  a loop  of 
p o i n t s ,  s t a r t i n g  and f i n i s h i n g  a t  t h e  same co-ordinate .  The end of  each 
loop  is d e f i n e d  by a s e r i e s  of n i n e s .  

Comprises s u b r o u t i n e s  APbW 

T h i s  package p l o t s  maps on an az imutha l  g r e a t  c i r c l e  p r o j e c t i o n .  
The c e n t r e  p o i n t  of t h e  map, t h e  o r i g i n ,  is s p e c i f i e d  and t h e  co-ord ina tes  
o f  t h e  c o a s t  l i n e s  and l a t i t u d e  and l o n g i t u d e  l i n e s  a r e  then  conver ted  t o  
p o l a r  co-ord ina tes  ( e t , @ ' )  r e l a t i v e  t o  t h e  c e n t r e  p o i n t ,  where 0 '  is  t h e  
a n g u l a r  d i s t a n c e  subtended a t  t h e  c e n t r e  of t h e  e a r t h  by t h e  a r c  j o i n i n g  
t h e  o r i g i n  and t h e  p o i n t  ( 0 1 , 4 ' )  and 0' is  t h e  azimuth of t h e  p o i n t  ( 0 1 , $ ' )  
r e l a t i v e  t o  t h e  o r i g i n  (measured c lockwise  from n o r t h ) .  The co-ord ina tes  
(8 '  ,+') a r e  then  conver ted  t o  c a r t e s i a n  co-ord ina tes  and s c a l e d  f o r  
p l o t t i n g  on t h e  SC4020. The e q u a t i o n s  f o r  computing 8' and +' given  t h e  
l a t i t u d e  and l o n g i t u d e  of t h e  c e n t r e  p o i n t  and t h e  l a t i t u d e  and l o n g i t u d e  
of  t h e  p o i n t  ( 8 ' , 4 ' )  have been d e r i v e d  by Mr. C.E. Wright ( p r i v a t e  
communication) and a r e  given wi th  t h e i r  d e r i v a t i o n  i n  appendix A. 

The c a l l i n g  s t a t e m e n t  f o r  APbfAP is 

CALL APMAP (IFRAME ,DIST ,CLAT, C L ~ N G , N L A T ,  N L ~ N G ,  ISEL, TITLE,KM) where 

DIST is  t h e  r a d i u s  o f  t h e  map to  be p l o t t e d  - i n  degrees  (normal ly  180'). 

CLAT and C L ~ N G  a r e  t h e  l a t i t u d e  and l o n g i t u d e  of t h e  c e n t r e  p o i n t  ( p o s i t i v e  
n o r t h  and e a s t ,  n e g a t i v e  sou th  and wes t ) .  

NLAT AND N L ~ N G  is t h e  r e q u i r e d  spac ing  of t h e  l a t i t u d e  and l o n g i t u d e  g r i d  
(normal ly  10") .  

ISEL i s  a n  i n d i c a t o r  a s  fo l lows  :- 



ISEL = l g r a t i c u l t ? ~ ,  shorelines and d a t a  produced on s e p a r a t e  frames 

= 2 g r a t i c u l c  only 

= 3 s h o r e l i n e  on ly  

= 4 composite p i c t u r e  ( i e ,  f u l l  map). 

There a r e  a l s o  v a r i o u s  s p e c i a l i s e d  o p t i o n s  ( s e e  l i s t i n g  appendix B ) .  

KEY is t h e  s i z e  of the  t i t l e  t o  be p r i n t e d  

IFRAME s p e c i f i e s  t h e  t y p e  of output : -  

IFRAME = 0 o u t p u t  on hard copy 

IFRAME = 1 o u t p u t  on mic rof i lm 

IFRAME = 2 ou tpu t  on hard copy 

IFRAME = 3 o u t p u t  on mic rof i lm and h a r d  copy. 

Once APMAP h a s  been c a l l e d  t h e  fo l lowing  s u b r o u t i n e s  can be used 
t o  p l o t  p o i n t s  on t h e  map:- 

CALL APC~D(X,Y,ALAT,AL~NG)  - c o n v e r t s  t h e  l a t i t u d e  and l o n g i t u d e ,  
ALAT and A L ~ N G ,  t o  X and Y SC4020 r a s t e r  u n i t s  which can t h e n  be  used  t o  
p l o t  a  c h a r a c t e r  by SC4020 subpro$rams. ' 

CALL APP~L(X,Y,DIST,ANGLE) - c o n v e r t s  t h e  p o l a r  co-ord ina tes  
DIST and ANGLE ( n o r t h  through e a s t )  t o  X and Y SC4020 r a s t e r  u n i t s ,  

The g r a t i c u l e  spac ing  is d e f i n e d  by NLAT and N L ~ N G  but t h e  
p l o t t i n g  i n t e r v a l  f o r  each l i n e  is decided by t h e  program. The package 
p i c k s  a  p l o t t i n g  i n t e r v a l  and checks t o  s e e  i f  t h e  r e s u l t i n g  SC4020 v e c t o r  
l e n g t h  i s  between 4 and 8 r a s t e r  u n i t s ;  i f  i t  is ,  t h e  v e c t o r  is drawn, i f  
i t  is n o t  t h e  v e c t o r  is reduced o r  i n c r e a s e d  u n t i l  t h e  l e n g t h  does l i e  
w i t h i n  t h e  l i m i t s .  T h i s  ensures  t h a t  t h e  g r a t i c u l e  is even ly  p l o t t e d  a t  
t h e  c e n t r e  a s  w e l l  a s  a t  t h e  edge of t h e  map. When t h e  r a d i u s  of t h e  map 
i s  l e s s  t h a n  180' t h e  g r a t i c u l e  is computed a s  f o r  180' and t h e  v e c t o r  
l e n g t h s  t h e n  s c a l e d  up and p l o t t e d .  Th is  means, f o r  example, t h a t  t i le  
v e c t o r  l e n g t h  v a r i e s  between 8 and 16 u n i t s  f o r  a 90' r a d i u s  map b u t  
because  t h e  g r i d  l i n e s  a r c  l e s s  curved t h e r e  i s  no l o s s  of d e f i n i t i o n .  

M W  can  be used t o  produce s t a n d a r d  maps through t h e  c a l l i n g  
sequence a s  d e s c r i b e d  above. However by u s i n g  t h e  Ci)iQ4ON/SCOPlON/ arld t h e  
i n d i c a t o r  ISEL, s p e c i a l  purpose maps can  be produced ( s e e  l i s t i n g  
appendix B) .  

T y p i c a l  maps drawn by APIlAP a r e  g iven  i n  f i g u r e s  1 and 2 .  

Comprises s u b r o u t i n e s  PERCAT 



This  package p l o t s  i i  world map on a mercntors  p r o j e c t i o n .  The 
map is pl.otted t o  114' n o r t h  and sou th ;  h igher  l a t i t u d e s  a r e  p l o ~ c e d  a t  
84O, The c a l l i n g  s ta tement  is 

where 

IFRAME s p e c i f i e s  t h e  type of ou tpu t  

IFRA$!E = l ou tpu t  on microf i lm 

I F W  = 2 ou tpu t  on hard copy 

I F W  = 3 ou tpu t  on hard copy and microf i lm,  

NLAT and N L ~ N G  i s  t h e  spac ing  of t h e  l a t i t u d e  and l o n g i t u d e  
g r i d  requ i red  (nornrally 10' and 20'). 

ISEL determines  t h e  followi.ng:- 

ISEL = 0 advances frame 

ISEL 1 produces g r a t i c u l e s ,  s h o r e l i n e s  and d a t a  on 
s e p a r a t e  frames 

ISEL = 2 p l o t s  g r a t i c u l e  only 

ISEL 3 p l o t s  s h o r e l i n e s  only 

ISEL = 4 produces composite p i c t u r e .  

From t h e  CALL MERC~D(X,Y ,ALAT ,AL~NG) t h e  l a t i t u d e  and l o n g i t u d e  , 

ALAT and A L , ~ N G  ( p o s i t i v e  n o r t h  and e a s t ,  n ega t i ve  sou th  and wes t )  are 
conver ted t o  X and Y SC4020 r s s t e r  u n i t s  which can then  be used t o  p l o t  
a c h a r a c t e r  by t h e  u s u a l  SC4020 subprograms. 

The normal p r o j e c t i o n  produced by MERCAT is c e n t r e d  on 
Greenwich and t h e  Equator  but  a s p e c i a l  ve r s i on  of t h e  program produces 
maps cen t r ed  on 180°W and t h e  Equator ( s ee  l i s t i n g s  appendix B ) .  

The formula used by MERCAT is taken  from S t e e r s  (1956). 
L a t i t u d e  l i n e s  i n  SC4020 r a s t e r  u n i t s  a r e  t h e  l i n e s  

1024 Y R loge  ( s ec  (ALAT) + tan(ALAT)) where R = 7. 

Longitude l i n e s  a r e  evenly spaced, 

F igures  3 and 4 show examples o f  maps drawn wi th  MERCAT. 

Thi s  program is based on an American program of  t h e  same name 
w r i t t e n  by H.L. Baldwin J n r ,  and de sc r i bed  i n  " o r b i t  Display Using t h e  



SC4020" (Baldwin (1963)) .  B a s i c a l l y  des igned  f o r  p l o t t i n g  s a t e l l i t e  o r b i t s  
t h e  p r o j e c t i o n  is o r t h o g r a p h i c ,  i e ,  i t  g i v e s  a p i c t u r e  of  t h e  e a r t h  a s  
s e e n  from space.  A subprogram has  been added  t o  t h e  o r i g i n a l  package t o  
p l o t  p o i n t s  g iven  t h e  l a t i t u d e  and l o n g i t u d e .  

A l i s t i n g  of MPLBT is g iven  i n  appendix  B. For d e t a i l e d  
i n s t r u c t i o n  on u s i n g  t h e  program t h e  r e a d e r  is r e f e r r e d  t o  t h e  o r i g i n a l  
p u b l i c a t i o n  (Baldwin (1963)) .  

Examples of  maps drawn by MPLET a r e  g i v e n  i n  f i g u r e s  5 and 6 .  

3. TIME SERIES PIJOTTING KOUTINES 

3.1 TIMSER 

Comprises s u b r o u t i n e s  TIMSER 

AMAX 

T h i s  p l o t t i n g  package p l o t s  N v a l u e s  of  an a r r a y  X ,  where X is a  t ime 
s e r i e s  sampled a t  e q u a l  i n t e r v a l s .  A t y p i c a l  o u t p u t  is shown i n  f i g u r e  7 ;  
t h e  t i m e  s e r i e s  is d i v i d e d  i n t o  conven ien t  l e n g t h s  and p l o t t e d  a c r o s s  t h e  
SC4020 frame, 3  l e n g t h s  t o  a frame. The program c o n t i n u e s  on t o  s u c c e s s i v e  
frames u n t i l  a l l  N p o i n t s  have been p l o t t e d .  If N is less t h a n  l 0 0  an 
expanded t ime b a s e  i s  used. 

The s t a t e m e n t  

CALL TIMSER(TITLE,X,N,DELA,IF) 

c a u s e s  N v a l u e s  o f  X t o  be p l o t t e d .  DELA is  t h e  sampl ing i n t e r v a l  and IF 
is a n  i n d i c a t o r  which s p e c i f i e s  t h e  t y p e  of  SC4020 o u t p u t  r e q u i r e d .  

I f  IF = 1 o u t p u t  is on mic ro f i lm 

I F  = 2 o u t p u t  is on hard  copy 

IF = 3  o u t p u t  is on bo th  m i c r o f i l m  and h a r d  copy. 

TITLE i s  a  20 e lement  a r r a y  c a r r y i n g  d a t a  f o r  a n n o t a t i n g  t h e  
o u t p u t  graphs.  The TITLE a r r a y  shou ld  b e  s e t  up a s  fo l lows:-  

TITLE (1) - unused 

TITLE (2) - unused 

TITLE (3) - c o n t a i n s  8 H o l l e r i t h  c h a r a c t e r s  g i v i n g  u n i t s  of t h e  
t i m e  series, eg,  SECONDS 

TITLE (4) - unused 



TITLE ( S )  - unused 

TITLE (6)  - ) 

) c o n t a i n s  80 H o l l c r i t h  c h a r a c t e r s  g iv ing  . 
) a eit.le t o  t h e  graph . 1 

TITLE (15)- ) 

TITLE (16) - con t a in s  8 H o l l e r i t h  c h a r a c t e r s  g iv ing  t h e  d a t e  
of p rocess ing  

TITLE (17) - ) 
) con t a in s  24 H o l l e r i t h  c h a r a c t e r s  g i v i n g  a . ) s u b t i t l e  t o  t h e  graph . 1 

TITLE (19) - ) 
TITLE (20) - unused. 

Note: t h e  s ta tement  

CALL SDATE(T1TLE (16) )  w i l l  cause  t h e  d a t e  of p roce s s ing  t o  
b e  s t o r e d  i n  TITLE (16) a s  requ i red .  

F igure  7 shows a t y p i c a l  ou tpu t  from TIMSER. 

CHAN 

Comprises sub rou t i ne s  CHAN 

TCHAN 

PEN 

This  package p l o t s  up t o  20 channeis  of  a double  s u s c r i p t e d  
a r r a y ,  X(1,J) where J d e f i n e s  t he  channel  number and I t h e  sample number 
i n  t h e  J t h  channel. The d a t a  a r e  assumed t o  be sampled a t  equa l  i n t e r v a l s .  

F ive  channe ls  a r e  p l o t t e d  t o  a frame; t h e  t i m e  a x i s  is 
p a r a l l e l  t o  t h e  y a x i s  of t h e  p l o t t e r .  Success ive  frames are used u n t i l  
a l l  t h e  d a t a  i n  t h e  f i r s t  f i v e  channels  a r e  p l o t t e d .  The program then  
swi tches  t o  t h e  nex t  f i v e  channels  and p l o t s  them. This p rocess  is 
repea ted  u n t i l  a l l  t h e  d a t a  are p lo t t ed .  

A s  descr ibed  h e r e  t h e  package uses  t h e  fo l lowing  COMMONS:- 

COMMON X (3400, 20) 

COMMON/GRAPH/TITLE(35), DELA 



Most of  t h e  machine s to rage  is t h e r e f o r e  taken up by the  X a r r ay .  The 
use r  should modify t he  dirucnsions of the  X a r r ay  ( subrout ines  CltAN and 
PMULTI) t o  s u i t  h i s  needs;  the  rrumber of samples per channel  is 1i.mitcd 
only by t he  s i z e ,  t he  number of channels must be l e s s  than  20. 
I f  t he  number of samples per  cha l~ne l  is il lcreased beyond 3400 t h e  
dimensions of t h e  TT axray ( subrout ines  SCiiAN, TCtiAN and PMJLTI) must 
be correspondingly increased.  

COMMON/CRAPH/ conta ins  t h e  a r r a y  TITLE, which c a r r i e s  
information f o r  anno ta t i ng  the  ou tput ,  and DELA, t h e  sampling i n t e r v a l  
of t h e  time series. 

The TITLE a r r a y  is cons t ruc ted  a s  fol lows (no te  t h i s  TITLE 
a r r a y  d i f f e r s  from t h a t  used previously i n  TIMSER) :- 

TITLE ( l )  - ) . ) . ) Each element c a r r i e s  an 8 c h a r a c t e r  t i t l e  . ) desc r ib ing  the  d a t a  i n  t h e  channel  TITLE (J) - ) . 1 
) . 1 

TITLE (20) - ) 
TITLE (21) - ) . ) C a r r i e s  80 H o l l e r i t h  c h a r a c t e r s  g iv ing  a . ) t i t l e  t o  the ou tpu t  . 1 
TITLE (30) - ) 
TITLE (31) - C a r r i e s  8 H o l l e r i t h  c h a r a c t e r s  g iv ing  u n i t s  of 

t i m e  s e r i e s  

TITLE (32) - Car r i e s  8 H o l l e r i t h  c h a r a c t e r s  g iv ing  d a t e  of 
processing (c£, T1MSER:TITLE (16)). 

The c a l l i n g  s ta tement  f o r  t h i s  package is 

CALL CHAN (N, NC, IF, IND) 

This causes N po in t s  from t h e  f i r s t  NC channels  of  t h e  X a r r a y  
t o  be p lo t t ed .  I F  i s  aga in  an i n d i c a t o r  t o  s p e c i f y  t h e  t ype  of  ou tpu t  
required:- 

I F  = 1 output  is on microfilm 

1 2 ou tput  is on hard copy 

3 output  is on both microf i lm and hard copy. 

IND is an i n d i c a t o r ;  i f  set t o  1 t h e  maximum ampli tude i n  each 
channel  is  sca led  t o  t h e  f u l l  range a v a i l a b l e ;  i f  set t o  2 t h e  maximum range 
o f  t h e  X a r r a y  is sca l ed  t o  the  f u l l  range ava i l ab l e .  



S e t t i n g  TMD t o  1 des t roys  t h e  o rhg inn l  d a t a  i n  t h e  X a r r a y ,  
p l o t t i n g  u s i n g  CBMi shou ld  therefore be done only when a l l  r equ i r ed  
cornputation has  been c a r r i e d  out: on X - t h i s  r e s t r i c t i o n  does n o t  apply i f  
I N D  is  2. 

F igures  8 and 9 show t y p i c a l  o u t p u t s  from CliAN. 

4. CA,RTESXAN CO-ORDINATE -- GRAPHS - CAKCRF p 

Comprise sub rou t i ne  CAKGRF 

SCALEN 

Th i s  package p l o t s  N p o i n t s ,  t h e  c a r t e s i a n  co-ordinates  o f  t h e  
.Jth p o i n t  be ing  s p e c i f i e d  a s  X(J) ,Y (J) . The c a l l i n g  s ta tement  is 

CALL CARGRF ( X,Y , N) 

The package u se s  t h e  COMMON:- 

ANSTR1, IF,  XLIMIT,YLIMIT,SCALX,SCALY 

This  COMMON must be set up a s  fo l lows  b e f o r e  CALL CARGRF(X,Y,N). 

The TITLE a r r a y  c a r r i e s  in format ion  f o r  anno t a t i ng  t h e  o u t p u t  
graph. S e t t i n g  up t h e  a r r a y  is i d e n t i c a l  t o  s e t t i n g  up t h e  TITLE a r r a y  
f o r  TIMSER except:- 

TITLE (1)  - ) . ) . ) Contains  24 H o l l e r i t h  c h a r a c t e r s  g i v i n g  t h e  . ) u n i t s  of t h e  a b s c i s s a e  
TITLE (3) - ) 

(4) - ) Contains  1 6  l i o l l e r i t h  c h a r a c t e r s  g i v i n g  t h e  units 
) of t h e  o rd ina t e .  TITLE (5) - ) 

W and XMIN a r e  t h e  maximum and minimum v a l u e s  o f  t h e  h o r i z o n t a l  (X) 
scale. I f  both  XMAX and XMIN are s e t  t o  z e r o  t h e  program f i n d s  i t s  own 
maximum and minimum values .  By s e t t i n g  XMAX and X M I N  t o  v a l u e s  o f  t h e  
programmer's choosing t h e  l i m i t s  o f  t h e  h o r i z o n t a l  a x i s  can be  c o n s t r a i n e d  
t o  a chosen value.  Note: t h e  program w i l l  n a t  u s u a l l y  choose a s c a l e  t h a t  
ex tends  e x a c t l y  from XMIN t o  XMAX but  w i l l  s e l e c t  a r a t h e r  l a r g e r  range 
t o  f i t  a more convenient  s ca l e .  



YMN( and Y M I N  a r e  t h e  equ iva l en t  parameters  f o r  t h e  Y s c a l e .  

I N D X  is i n  i n d i c a t o r  f o r  p l o t t i n g  t h e  a b s c i s s a e  on a  l o g  
sca le : -  

INDX = 1 a b s c i s s a e  on l i n e a r  s c a l e  

INDX = 2 a b s c i s s a e  on l o g  s c a l e .  

Should t h e  X a r r a y  c o n t a i n  a ze ro  o r  n e g a t i v e  va lue  when a  l o g  s c a l e  is 
reques ted  t h e  program w i l l  s imply ignore  t h e  nega t i ve  and l e a v e  a  blank 
on t he  graph. I f  a l l  t h e  va lue s  of t h e  X a r r a y  a r e  n e g a t i v e  o r  z e r o  when 
l o g s  a r e  reques ted  t h e  program p r i n t s  o u t  an e r r o r  message t o  t h i s  effect  
and c a l l s  EXIT, S i m i l a r l y  f o r  I N D Y  and t h e  Y a r r ay .  

Also,  a CARGRF c a l l  wi th  I N D X  set t o  2 conve r t s  t h e  X a r r a y  t o  
l ogs  and t h i s  a r r a y  is r e tu rned  a s  l o g s  t o  t h e  c a l l i n g  program. S i m i l a r l y  
f o r  t h e  Y a r r ay .  

I N D  is an i n d i c a t o r  f o r  c o n t r o l l i n g  frame c a l l s  and f i n i s h  c a l l s ,  
t hu s ,  

I N D  = 0  CARGRF c a l l s  ADVFLM(1F) and FINISH 

= 1 CARGRF c a l l s  ADVFLM(1F) b u t  no t  FINISH 

2  CARGRF c a l l s  n e i t h e r  FINISH nor  ADVFLM(IF) 

IWT is t h e  SC4020 code of t h e  p l o t t i n g  symbol r equ i r ed ,  e g ,  

i f  IDOT = 44 p o i n t s  w i l l  be parked wi th  an a s t e r i s k  

IDOT = 16 p o i n t s  w i l l  be  marked wi th  a p l u s  s i g n  

IDOT = 48 p o i n t s  w i l l  b e  l e f t  blank. 

A t a b l e  of a l l  codes a v a i l a b l e  is given i n  appendix D, 

ANSTRl i n d i c a t e s  whether t h e  p l o t t e d  p o i n t s  have t o  be  j o ined  
UP 

ANSTRl = 1. p o i n t s  n o t  j o ined  

= 2. po in t s  jo ined  

I F  s p e c i f i e s  t h e  t ype  of output : -  

I F  = 1 ou tpu t  on microf i lm 

I F  = 2 ou tpu t  on hard copy 

I F  = 3 ou tpu t  on both microf i lm and hard  copy. 

The i n d i c a t o r  I N D  a l lows s e v e r a l  l o t s  of  d a t a  t o  be  p l o t t e d  on 
t h e  same graph and t o  t h e  same s c a l e  a s  is  i l l u s t r a t e d  by t h e  f i g u r e s  10  
and 11.. 



I f  only one l o t  of d a t a  has €.a be plotterd I N D  is s e t  t o  0 and 
CARGRF completes t h e  graph. If two sets of da t a  a r e  t o  bc p l o t t e d  ChKGRF 
is c a l l e d  twice; bcfose t h e  f i r s t ,  c a l l  LND is s e t  t o  1 ,  before  t h e  second 
I N D  i a  s e t  t o  Z e  By changing the p l o t t i n g  code between t h e  two c a l l s  t h e  
two s e t s  of d a t a  can be distiriguislied by d i f f e r e n t  syl l~l~ols ,  I f  rnove than 
two d a t a  blocks have t o  be p.kotted on t h e  same graph, CARGRF l a  c a l l e d  
f o r  each block; I N D  is  s e t  t o  1 before t h e  f i r s t  c a l l ,  t o  2 be fo re  t h e  
l a s t  c a l l  and to  3 fo r  all t h e  interrrlediaee c a l l s .  At: any t i m e  a f t e r  
t h e  f i r s t  c a l l  of CAKGRF (with IND = l )  and before  t h e  l a s t  (with I N D  2 )  
any o t h e r  po in t s  o r  arinotationa can b e  added t o  t h e  graph d i r e c t l y  from 
t h e  c a l l i n g  program, For excmple t h e  do t t ed  l i n e s  i n  f i g u r e  10 and t h e  
l a b e l s  SIGNAL NUI4BER 1 and SIGNAL NUMBER 2 in f i g u r e  11 were added between 
CARGRF c a l l s .  To convert  a po in t  P,Q t o  SC4020 raster u n i t s  XPLOT1, YPLOT1, 
o u t s i d e  CARGRF the  fol lowing s ta tements  should be used:- 

XPLOTl = (P - XLIMIT) *SCALX f 123. 

These s ta tements  must come a f t e r  a t  l e a s t  one c a l l  of  CARGRF 
because XLIMIT, YLIMIT, SCALX and SCALY a r e  n o t  set up until CARGRF has 
been ca l l ed .  

Once CARGRF has  been c a l l e d  a l l  succeeding graphs w i l l  be p l o t t e d  
on the  same s c a l e  un less  XMAX, XMIN, YMAX and Y M I N  a r e  s e t  t o  new va lues .  
I f  t h e  program has t o  choose a new s c a l e ,  XMAX e t c  should be s e t  t o  zero. 

Comprises subrout ines  GTLIN 

AXDL 

The s ta tement  

CALL 

causes  a do t t ed  l i n e  t o  be  drawn between the  p o i n t s  X1,  Y 1  and X2, Y2, where 
X 1 ,  Y l  and X 2 ,  Y2 a r e  i n  SC4020 r a s t e r  u n i t s .  D ~ T L I N  must only be c a l l e d  
between an ADVFLM c a l l  and a FINISH c a l l .  
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F I G U R E  1. AZIMUTHAL GREAT CIRCLE P R O J E C T I O N  O F  THE WiOLE EARTH 
CEKTRLD ON O,ON, O.OE 



FIGURE 2. AZIMUTIIAL GREAT CIRCLE PROJECTION, RADIUS 90°, 

CENTRED ON 5 5 . 3 " ~ .  3 . 2 " ~  
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FIGURE 3. MERCATORS P R O J E C T I O N  OF THE WHOLE EARTH 

CENTRED ON O.ON, O.OE 



F I G U R E  4. MERCATORS P R O J E C T I O N  O F  THE WHOLE EARTH 

CENTRED ON O.ON. 1 8 0 . O E  



FIGURE 5 

~ ~ ~ O C I A P H I C  PROJECTION ILLU~ION OF DEPTH AW) P C P . $ P E C ~ ~ V Z .  

F I G U R E  5. O R T H O G R A P H I C  P R O J E C T I O N  O F  TI1B WIiOLE. EARTH 

CENTRED ON O , O N ,  0 . s  



FIGURE 6. ORTHOGRAPHIC P R O J E C T I O N  O F  PART O F  EARTH AS 

VIEWED FROM A P O I N T  ABOVE THE P A C I F I C  QCEAN 







FIGURE 7. AN EXAMPLE OF THE OUTPUT FROM TIMSER 



FIGURE 10. AN EXAMPLE OF A COMPOSITE GRAPH GENERATED BY CARGRF 



8lGNAL NUMBER e 

I I I I I I I I I I I 
-100.0 0 . 0  100.0 

RfLATfVE LAG 

FIGURE 11. AN EXAMPLE OF A COMPOSITE GRAPH GENERATED BY CARGRF 



APPENDIX A 

AZIMUI1IAL GREAT CIRCLE MAP PROJECTIONS - 1)EKIVATXON 
OF THE EQUATIONS 

Symbols Used:- 

0 = c o l a t i t u d e  of any p o i n t  

4 = c o r r e c t e d  e a s t  l o n g i t u d e  a s  d e f i n e d  below 

a = c o l a t i t u d e  of s t a t i o n  

0' = c o l a t i t u d e  o f  any p o i n t  wi th  r e s p e c t  t o  t h e  "new po le"  

4 '  = e a s t  l o n g i t u d e  wi th  r e s p e c t  t o  t h e  "new pole" ,  i e ,  w i t h  t h e  Z-axis 
p a s s i n g  through t h e  s t a t i o n .  

Consider  t h e  e a r t h  t o  be  a  s p h e r e  o f  u n i t  r a d i u s ,  and t a k e  
t h e  o r i g i n  o f  a  c a r t e s i a n  co-ordinate  system a s  t h e  c e n t r e  of t h e  e a r t h .  
Let  t h e  Z-axis p a s s  through t h e  n o r t h  p o l e ,  and l e t  t h e  0' mer id ian  l i e  i n  
t h e  ZOX plane.  The f i r s t  s t e p  is t o  r o t a t e  t h e  co-ord ina te  sys tem about  
t h e  Z-axis u n t i l  t h e  X-axis passes  through t h e  l i n e  of l o n g i t u d e  
i n t e r s e c t i n g  t h e  s t a t i o n .  Let t h e  new east l o n g i t u d e s  wi th  r e s p e c t  t o  
t h i s  r o t a t e d  frame of r e f e r e n c e  be denoted c$. Thus i n i t i a l l y  a l l  l o n g i t u d e s  
have t o  be  c o r r e c t e d  by an amount e q u a l  t o  t h e  l o n g i t u d e  o f  t h e  s t a t i o n .  

I n  t h e  frame COXYZ any p o i n t  on a  u n i t  s p h e r e  has co-ord ina tes  ,. 
( s i n  0  c o s  0,  s i n  0  s i n  0, c o s  8) - see f i g u r e  A l .  
Now r o t a t e  t h e  co-ordinate  system about  t h e  
y-axis through an  a n g l e  a as shown i n  f i g u r e  A2. 
s o  t h a t  t h e  new Z-axis passes  through t h e  
s t a t i o n .  The new frame of  r e f e r e n c e  is denoted 
COX'Y'Z'. Then 

Z' = Z COS a + X s i n  a) 
1 

X' = X COS a - Z s i n  a).. . (Al) Y 
1 

Y' = Y 1 X 

FIGURE A 1  

But i f  t h e  p o l a r  a n g l e s  o f  t h e  new frame a r e  0' and @', 
X' = s i n  0' cos 4' ) 

1 
Y'  P s i n  0' s i n  4 '  ) 

1 
Z '  = COS 8'. 1 

.'. s i n  0' cos 4' = s i n  8  cos  4 cos  a - cos 0 s i n  a 

s i n  8' s i n  4' = s i n  8  s i n  4 

c o s  8' = COS 8  COS a  + s i n  0  cos  41 s i n  a 

0' = COS-I (COS 0  COS a + s i n  0 cos  4 s i n  a) .  



From equat ions (A3) and (A4) 

s i n  0 sin 
s i n  0 cos + cos a - :os 8 s i n  a* . .. . . (A61 

The required p ro jec t ion  on t o  a plane is 
given by polar  co-ordinates ( O f ,  9') as 
sketched i n  f i g u r e  A3. 
In c a r t e s i a n  co-ordinates 

X = 8' COS 4 '  . . .. . (A71 

Y = 0' s i n  4 ' ,  l *. l (A81 

From (A6) 

COS +' = s i n  0 cos I$ cos a - cos 0 s i n  a . . . . . (A91 
J ( ( s i n  0 cos + cos a - cos 0 s i n  a12 + s in20  s in2+)  

s i n  +' s i n  0 s i n  4 , .a.. . ( d o )  
J ( ( s i n  0 cos + cos a - cos 0 s i n  a )2  9 s i n 2 e  s i n 2 + )  

Y X 
From (A5), i f  

K = cos 0 cos a + s i n  0 cos I# s i n  a cos 0' 

0 '  = tan- 1 ( 4 1  - K2)) 
K * * * * * ( A l l )  

The expressions used i n  the programme are 

(A7), W ) ,  (A9), (A10) and (All) .  FIGURE A 3  



APPENDIX B 

PROGRAM LISTINGS 



APMAP 
T Y P t q C O M P I L G O t F 4  
S U t j l ' Y P E , F I U D  

1 4 B I U l ) , T A P t r  t 9 1 r , S A V E  
H t E L q  PLBOOROO 
END 
SUHTYf 'E,FOR TRAN, L M A P p L  S T R A P  

O I M E N S L O N  H E A D ( ' * )  
D A T A  I t i E A I I l  l ) p  I = 1 , 4 ) 1  3 2 H F  I G U R E  2  C E N T R E D  3 N  E S K D A L E M U I H )  t 

1 F l G l l A H F l G I J K E  1) 

C A L L  S C L I t 3 R  
C A L L  APMAPIDqU.,O. t  0. t O v O s 4 t F  I G l d I  
C A L L  APMAP(  Z 1 9 0 . , t 5 5 . 3 3 3 2 , - 3 .  1 5 8 8 ~ 0 t O t 3 ~ H f A O t 4 I  
C A L L  F I N I S H  
K E T U R N  
FNO 

S U B T Y P E *  F O R T R A N *  L M A P 1 L S T R A P  
AZ I M U T I i A L  GREAT C I R C L  E  MAP P R O J E C T I O N  I A P M A P )  
_____----^-__-_---------------------- 

L 

C T H I S  S U B R O U T I N E  P L O T S  T H E  G R A T I C U L E *  S H O R E L I N E S ,  ETC.  
C AS R E Q U I R E D  FOR AN A Z I M U T H A L  G R E A T  C I R C L E  MAP P R O J E C T I O N  
C 
C 
C F R O M  T H E  C A L L  A P M A P I  I F R A H t l D I S T v  STNLAT,STNLNG.NLAT,NLf lNGt lSEL ,T ITLE ,KEYI  
L 
C O l S T  R A D I U S  l I N  D E G R E E S )  OF MAP TO B E  P L O T T E D  
C I F  ZkKU 1 8 0  D E G R E E S  I S  U S E D  
C STNL,AT L A T I T U D E  OF C E N T R E  P O I N T  ( P L U S  D E G R E E S  N O R T H )  
C  S T N L N G  L f l N G I T U D E  O F  C E N T R E  P O I N T  ( P L U S  D E G R E E S  E A S T )  
L 

C N L A T  S P A C I N G  O F  L A T I T U D E  I N  D E G R E E S  
C I F  Z E R O  S P A C E 0  A T  l 0  D E G R E E S  
C NLONG S P A C I N G  O F  L O N G I T U D E  I N  D E G R E E S  
C I F  Z E R O  S P A C E D  AT 1 0  D E G R E E S  
r 

I S E L  D E T E R M I N E S  T H E  F O L L O W I N G  - 
I S E L  = 0 ADVANCE F R A M E  R E I O Y  FOR D A T A  
I S E L  = l S E P A R A T E  P I C T U R E S  OF G R A T I C U L E ,  S H O R E L I N E S *  AND D A T A  
I S E L  =-l D A T A  P A R T  O N L Y  
I S E L  = 2  P I C T U R E  OF G R A T I C U L E  O N L Y  
I S E L  '-2 AS ABOVE W I T H O U T  ADVANCE F R A H E  A N D  P R I N T I N G  
I S E L  = 3  P I C T U R E  O F  S H O R E L I N E S  O N L Y  
I S E L  =-3 AS ABOVE W I T H O U T  ADVANCE F R A H E  A N D  P R I N T I N G  
I S t L  = 4 C O M P O S I T E  P I C T U R E  
I S E L  = -4  A S  ABOVE W I T H O U T  A D V A N C E  F R A M E  A N D  P R I N T I N G  

I F R A M E  D E T E R H I N E S  T H E  F O L L O W I N G  - 
I F R A M E  = 0 HARDCOPY 
I F R A M E  = 1 M I C R O F I L M  O N L Y  
I F R A M E  = 2 HARDCOPY O N L Y  
I F R A M E  = 3  HARDCOPY AND M I C R O F I L M  

K E Y  D E T E R M I N E S  T H E  F O L L O Y I N G  H E A D I N G S  I N D E P E N D E N T  OF I S E L  - 
P O S I T I V E  S I Z E  O F  T I T L E  TO B E  P R I N T E D  P L U S  T H E  D A T E  
t ERO N O  CHANGE I N  H E A D I N G  
N E G A T I V E  R E S E T  TO B L A N K  

k R U M  T H E  C A L L  A P M A P t  O . t O . r O 1 t O . t 5 r 0 * 5 t 0 , 0 1  
A  S C A L t  AT N L A T  ( D E G H E t S )  I N T E R V A L  I S  DRAWN B U T  NOT M A R K E D  

FROM T H E  C A L L  APMAP(  0.10.10.10.  * 0 ~ 5 ~ 5 t O t  0 1  
A  S C A L E  AT N L O N G  ( D E G R E k S I  I N T E R V A L  I S  DRAWN B U T  N O T  M A R K E D  

I-ROM T t i E  C A L L  APMAP( A N G L t e O . ~ O . r 0 . ~ 0 ~ 0 ~ 5 ~ 0 , 0 )  
A L I N E  AT T H E  A Z I M U T H  A N G L E  ( D E G R E E S )  I S  OXAWN F R O H  T H E  C E N T R E  P O I N T  

F H U M  T H E  C A L L  A P M A P I  0 . 9 D I S T 9 0 . 1 0 .  t D ~ O r 5 ~ O t O I  
A  C I R C L E  AT D I S T  I D E G R E E S )  F R O H  T H E  CENTRE I S  DRAWN 

FROM T H E  C A L L  A P H A P I  I F R A M E 1 0 . v O .  1 0 . 1 0 1 0 ~ 5  , T I T L E q K E Y I  
T H I S  I S  E Q U I V A L E N T  T O  C A L L  h O V F L P l ( 1 F R A M E )  

C  
C  U S F  - F I R S T  - S E T  U P  T H E  MAP W I T H  APMAP 
C SECOND - U S k  APCOD TO COMPUTE P O I N T S  R E A D Y  FOR P L O T T I N G  
c 
C 
L 

SUHROUT I N E  APMAP( F R A Y  EtDIST,STNLATtSTNLNGtNLAT*NLONGr 1 S E L r  
1 T I T L E * K E Y I  

COMMON / S H O R E S /  N C O A S T *  C L A T ( 8 3 3 8 )  C L O N G ( 8 3 3 8 I  9 N C I  NO 
COMMON /SCOMON/  l F R A M E t N C O P Y t C P X t C P Y , R A o t  R D I S T v F A C T r  S L A T S  S L O N G t  

1 R I C U S R , S I N R *  P 1 C O S P * S I N P ,  Q , C O S Q r S I N Q  
D I M E N S I O N  T I T L E ( K E Y l * H E A D I  1 2 )  

L 

R E A L  N U R T H  
D A T A  B I 4 ~ 1 ~ 1 1 ~ 8 ~ I ~ E l 0 ~ 0 0 0 4 I r A R M ( 1 6 ~ ) ~ L T A P E ~ 1 4 ~  

1 N O R T H (  RHNORTH 1, S O U T H 1  8 H S O U T H  ) $ P O L E  ( B H P O L E  I 
2 U K A E A ( 8 H U K A E A  B L A N K ( 8 H  I 



C 
1 l F l C P X - 1 0 2 3 . ~ 2 v 3 v 3  
2 I F l C Y X ) 3 g 3 r 4  
3  C P X = 5 1 1 .  
4 If ( C P Y - 1 0 2 3 . ) 5 1 6 v 6  
5 I t - ( C P Y ) h , b , H  
6 C P Y - 5 1 5 .  
H W I D = A M I N ~ ( S P A C C ( C P X ~ C P Y ~ C P X ~ O ~ ~ ~ S P A C E ( C P X ~ C P Y ~ C P X ~ ~ O ~ ~ ~ J ~  

1 S P A C E ( C P X w C P Y w O ~ ~ C P Y l ~ S P A C E I C P X ~ C P Y w 1 0 2 3 ~ p C P V l ~  
C  
C  

l u O U  C A L L  t X P H V Y ( C P X i 4 8 w C P V l  
1,010 I F I K t Y )  1 0 2 0 v l U 1 4 r  1 0 1 2  
1 0 1 2  I F I K E Y - 1 2  t 1 0 3 U v  1 0 3 0 v 1 0 5 0  
1 ~ 1 4  I F I C U U k - B L A N K )  1 0 1 6 v 1 0 5 0 w 1 0 1 6  
l 016  I F ( C I ) D ~ - U K A E A I  1 0 2 U r  1 0 5 0 v 1 0 2 0  
1 0 2 0  00 1 0 2 2  1 = 1 , 1 2  

H E A D (  I ) = B L A N K  
1 0 2 2  C t I N T  I N U E  

C O D t = 8 L A N K  
U A T E = B L A N K  
60 T O  1 0 5 0  

1 0 3 0  D U  l 0 3 2  I = l q K E Y  
HEAL)( I1.T I T L E (  11 

1 9 3 2  CtJNT L N U E  
Fit-KEYt1 

1540 110 1042 I = N C t  l 2  
I I F A D I  1  J - R C A N K  

1 0 4 2  C O N T I N U E  
C O U E = U K A E  A 
C A L L  S D A T E ( 0 A T E J  

1 0 5 0  I N O = I A B S (  I S E L  ) + l  
I F  ( I N O - 6 )  1 0 6 0 w 8 0 0 v  7 C 0  

1 0 6 0  I F ( I S E L + l  J l O w 6 8 0 , 1 0 7 0  
1 0 7 0  I F K A M E = F R A H E  

I F (  L F R A M E  1 1 0 9 0  g 109011 0 8 0  
1383 I F (  I F R A M E - 3 1 1 1 0 0 g  1100t1090 
1 U 9 0  I F R A Y E - 2  
1100 C 4 L L  H t P E A T l  I F H A M E w  0 1  

C A L L  T S P 1 8 0 w 4 8 v O I  
C A L L  H O H A M l  C O U E v R l  
C A L L  H O R A M ( O A T E v 8 )  
C A L L  T S P (  Z 3 2 w 4 8 q O I  
DO 1 1 0 2  [ = l 1 1 2  
C A L L  H O K A H (  H E A D (  1 1  1 8 )  

1 1 0 2  C O N T I N U E  
C A L L  S T P T Y P  
C A L L  V E C T O H ( C P X g  C P Y - A R M v C P X v C P Y + A R M l  
C A L L  V E C T O R I C P X - A R M  9CPY v C P X + A R M q C P Y )  
C A L L  V6CTOK(1023 . -ARM,O.w  1023.r0.) 
C A L L  V E C T O R (  1023.qO.w 1 0 2 3 . , A R M l  
P A O = U  I U  

C A L L  t X P L G T ( C P X v 4 8 , C P Y )  
i ? D I S T = l B O .  
I F l O I S T l 1 8 g 1 8 p  1 6  
H O I S T = D I S T  
F A C T = R A D / R D I S T  
R F A C T = l S O . / R O I S T  
S L O N G = S T N L N G  
S 1  4 T = 9 0 . - S T N L A T  
R  = S L A T * 0 . 0 1 7 4 5 3 2 9 3  
COSH = C O S ( R 1  
S I N R  = S I N ( R 1  



I.dT 1 TUDE S  
f'I.AT=L AT . . , * . .  

PLLlNG=-1HO. 
CbCL A P C O D l X S r Y S v P L A T , P l . O N G )  
N I X - X S ~ H F A C T - X R F  
NlY=YS*HFACT-YRF 
L  IND.1 
PLONG=PLONG+DL ONC 
CALL APCUD~XFI  YF, PLATqPLONGI 
UESPACEIXSIYS~ XFqYF l 
1F tL I -E )  190 ,1901  1 3 0  : ... , . . .  

I F ( O - U ) 1 4 0 r  1 5 0 1 1 5 0  . . ,  . ~ . .  , 
. :, . 

PLUNG= PLONG-DLONG 
DLONL=DCUNG+Z. 
G(1 TO 1 2 0  
l t l D - U )  1 7 0 , 1 7 0 ~ 1 6 0  
PLON(;=PLONG-DLUFIG 
ULORG=DLUNG*O. 2  
GO T11 1 2 0  
N2X=XF*RFACT-XRF 
NZY=YF+KFACT-YRF -, 
I F I S P A C E (  FLOAT 1 ~ 2 x 1  ~ F L O A T ( N Z Y I ~ C P X ~ C P Y I - R ~ D ) ~ / ~ ~ ~ ~ ~ ~ ~ ~ ~  
L  I ND=2 
GO TO 1 7 8  
GO TO ( 1 7 5 1  1761,L I N D  
CALL V E C T O R l N l X v N l Y  t N 2 X t N 2 Y l  
L  t N D = l  
NlX=r\ lZX 
N lY=YZY 
X  S=XF 
YS-YF 
I F (  ( PLUNGtDLONGl-180. ) l 2 0 1  1 8 0 1  1 8 0  
PLONG-180. 
CALL APCOUIXF,YFtPLATVPLONG) 
PLONG=O. 
N2X=XF*KFACT-XRF 
NZY=YF*RFACT-Y RF 
I F  (SPACE( FLOAT(N2XI  1FLOAT iN2Y I q C P X , C P Y l - R A O l l 8 4 ~ ~ ~ ~ ~ ~ ~ ~  
GO TO 4 1 8 5 , 1 9 0 \  1L I N D  
CALL VECTOR(NlX,NlY 1N2XvN2Y l 
L A T = i A T + I L A T  
I F I L A T - M L A T l 1 0 0 ~ 1 0 0 1 2 L O  

LONGITUDES 
PLCkG=LONG 
PLAT=-M1 AT 
CALL APCOD( XSq YS1 PLAT, PLONG) 
NlX=XS*RFACT-XRF 
NlY=YS*RFACT-YRF 
L I r u O = l  
PLAT=PLAT+DLAT 
CALL A P C U D I X F ~ Y F v P L A T ~ P L O N G J  
O=SPACt(XSvYS1 X F v Y F I  
I F 1  U - E l 2 9 6 1  2 9 0 , 2 3 0  
IFt O-812401 2 5 0 1 2 5 0  
PLATzPLAT-DLAT 
DLAT=UiAT*2 .  
GO TO 2 2 0  
I F 1  D-U l ? 7 0 , 2 7 0 . 2 6 0  
PLAT=PLAT-.OLAT 
OLAT=OLAT*O.2 
GO TO 2 2 0  
NZX=XF*RFACT-XRF 
NZY=YF*RFACT-Y HF 
I F  (SPACE( F L O A T l N 2 X )  tFLOAT(N2Y l t C P X v C P Y l - R A D ) 2 7 4 e 2 7 2 ~ 2 7 2  
L  IND=2  
GO TO 2 7 8  
GO TO ( 2 7 5 t 2 7 6 l v L I N D  
CALL V E C T O R ( N ~ X ~ N ~ Y V N Z X I N ~ Y I  
L I N O = l  
NlX=NZX 
N l Y = N 2 Y  
XS=XF 
Y  S=Y F  
I F 1  ( P L A T t 0 L A T ) - H L A T I 2 2 0 ~ 2 8 0 * 2 8 0  
PLAT=HL AT 
CALL APCODt XF ,YFePLATIPLONGJ 
PLONG=O. 
NZX=XF*RFACT-XRF 
NZY=YF*RFACT-YRF 
I F l S P A C t (  F L O A T ( N Z X ) 1 F L O A T ( N 2 Y ) t C P X t C P Y I - R A D l 2 8 4 ~ 2 9 0 ~ 2 9 0  
GO TO ( 2 0 5 1 2 9 0  l 1 L  I N 0  
CALL V E C T O R ( N l X * N l Y  vN2XwN2Y l 
LONG=LONG+ILONG 
1 F ( L O N G - 1 8 0 1 2 0 0 i 2 0 0 q  3 0 0  

COASTLINES AN0 POLES 
FACT=FACT*RFACT 
I F (  I S E L 1 3 0 8 , 3 0 8 ~ 3 0 1  
IF (AHS(STNLAT1-84 .1  3 0 2 , 3 0 2 * 3 0 7  



P L A I  =9O. 
CALC A P C O O I  XbrYFqPLAT tPLONG) 
CALL APCOU( XSt YSq-PL.AT*PLONGl 
I F l S P A C t l X F ~ Y F ~ C P X ~ C P Y l - H A D l 3 L ' i v 3 ~ 5 1 3 0 5  
4H= ULANK 
CALL T b P ( X F - Z R . ~ 4 B ~ Y F - B . l  
CALL HORAM( NUKTHe 5  I 
i A L L  TSYI  XF-24 . ,48 rYF t8 .1  
CALL HOkAMl PUL E 9 4 )  
I ~ ( S P A C E ( X S ~ Y S ~ C P X ~ C P Y I - R A D ~ ~ L ~ ~ ~ ( ~ ~ ~ ~ O ~  
CALL TSPf XS-28.,48tYS-8.) 
CALL HOHAM( SUUTHr 5 )  
CALL TSP( XS-24 .1489YStA . l  
CALL HOHAM( PUL E 9 4 1  
CALL E X P H V Y ( C P Y t 4 8 t C P Y I  
CALC T S P 1 9 1 5 ~ 4 H 9  1 6 1  
CALL. C4020H 
PRINT 3 1  
FUPYAT( 13HGRID SPACING ) 
CALL TSP( 9 1 5 r ' t U v  3 2 1  
CALL C 4 0 2 0 H  
PRINT 3 2  
FCRMAT 19HLATITUDE l 
CALL C 4 0 2 0 1 1 1 L A T t 3 )  
5 8 2  DEGREES S IGN 
CALL l S P (  10199  5 8 9 3 2 )  
CALL TSP( 9 1 5 1 4 8 1 4 8 )  
CALL C 4 0 2 0 H  
PRINT 33 
FOAMAT(9HLONGI TUDE 1 
CALL C ' tDZUI (  I LUNGt  3 )  
58= OEGRFES SIGN 
CALL TSP( 1 0 1 9 + 5 8 9 4 8 )  
CALL STPTYP 
CALL E X P H V Y l C P X * 4 8 t C P Y )  
60 TO ( 7 1 0 9  3 1 0 ~ 4 0 0 ~ 3 2 0 ~ 3 2 0 t 7 1 0 l ~ I N D  
CALL ADVFLMl IFRAMEI  
CALL TSP( 8 0 t 4 8 v O l  
CALL HORAM( CODE, 8) 
CALL HORAMI DATE* 8 1  
CALL TSP( 2 3 2 1 4 8 1 0 )  
DU 312 1 = 1 9 1 2  
CALL HORAMI HEAD( I )  9 8 1  
C  f l kT  INUE 
CALL STPTYP 
CALL VECTOR( CPX, CPY-ARMvCPX9CPYtARM) 
CALL V E C T O R ( C P X - A R M t C P Y t C P X + A R M ~ C P Y l  
CALL VECTOR( 1023.-kRMtC.r 1023.90. l 
CALL VECTOR1 1023.rO.r 1023.sARM) 
L l N D = l  
NC=O 
I F l h C I N D )  330.3339 3 3 0  
READ ( L T A P E I  N C O A S T v ( C L A T I 1  l ,CLUNG( I  l * I = l  vNCOAST) 
NCIhlD = 0 
N C = N C t l  
CALL APCODIXSqYS1CLAT1NCl  r C L O N G ( N C H  
N lX=XS 
h(lY=YS 
GU TO 3 5 0  
CALL A P C O D ( X F 9 Y F t C L A T ( N C ) r C L O N G ( N C H  
NZX-XF 
NZY-YF 
I F (  SPACE( X F ~ Y F I C P X V C P Y I - R A O I ~ ~ ~ ~ ~ ~ ~ ~  3 4 2  
L  I ND=Z 
GO TO 3 4 8  
GO TO I 3 4 5 9  3 4 6  19L I N D  
CALL VECTUR(N1XsNlY sN2XtNZY l 
LIND.1 
N l x = N Z X  
N lY=N2Y 
N C = k C t i  
I F (  NC-NCf lASTJ360~400 ,400  
I F ( C L A T ( N C 1  1 3 4 0 t 3 7 0 , 3 4 0  
I F ( C L O N C ~ N C l I 3 4 0 , 3 3 3 ~  

PLAT=ROIST 
DLAT=PLAT/60.  
JLONG.1 
CALL  E X P L L T ( C P X v 4 8 r C P Y I  
LONG=JLONG 
PLUNG-LONG 
CALL APPOL(XS9YStPLATvPLONG) 
CALL A P P O L l X F s Y F r P L A T - D L A T 9 P L n N G I  
N I X - X S  
N l Y = Y S  
NZX=XF 
NZY=YF 
CALC V E C T d R ( N l X ~ N 1 Y  pNZXtN2Y)  
LONG=LIING+JLONG 



I F 1 LONG-360 1 4 2 0 , 4 2 0 , 6 4 0  
1 F ( JLONG- 11 460 ,450 ,  460 
J L u h C -  ILONC 
PLAT= PLAT-DLAT 
GC TO 4 1 0  
i b N T  I N U f  
37=N 
C A L L  APPOLIXS,YS,PLAT,O.I  
CALL TSPf XS-U.,37,YSt6.I 
Z1.E 
CALL AVPOL ( XSrYS,Pl.AT,QO. l 
CALL T S P I  XS-6. 1 21vYS-6.1 
50=S 
CALL APPOL lXS iYSvPLATo lAO. )  
L A L L  TSPI  XS-8.,50tYS-6.1 
54=w 
CALL A P P O L ( X S ~ Y S , P L A T , ~ ~ O . I  
CALL. TSPI  XSt4.  r54rY.S-6.1 
CALL STPTYP 
G 0  T O  5 1 0  

OLAT=O. 
I F I u I S T - K U I S T ~ ~ ~ ~ +  5 1 0 1 5 9 0  
CALL ~ X P H V Y I C P X , ~ ~ T C P Y I  
PLONG=-180. 
CALL A P P O L ( X S ~ Y S , P L A T + P L O N G I  
N l X = X S  
N1Y=YS 
PLONG=?LONG+OLONG 
CALL APPOL(XF,YF,PLAT,PLONG) 
D=SPALEIXSgYSv AFvYF1 
I F ( D - E 1 5 9 0 t 5 9 0 , 5 3 0  
] F l u - 6 I 5 4 0 1  5 5 0 , 5 5 0  
PLONG-PLON6-DL ONG 
ULOhb=DLUN6*2. 
GU TO 5 2 0  
I F (  D-LJI 5 7 0 1  570 ,560  
PLUNG= PLONG-OL ONC 
DLUNG=DLUNG*O. 2 
GO TO 5 2 0  
N2X=XF 
N2Y =Y F 
L A L L  V E C T 0 R I N l X i N l Y  vN2X iN2Y I 
Xb=XF 
YS=Yl= 
N lX -NZX 
N l Y = N 2 Y  
I F 1  (PLONGtDLUNGI-180.  ) 5 2 0 , 5 8 0 1 5 8 0  
PLCNG= 180. 
CALL At'PUL( XF1 YF9PLAT lPLONGJ 
NZX=XF 
N2Y-YF 
CALL V L C T U K I N ~ X T N I Y  ,N2X*N2Y)  
PLAT- PLATtDLAT 
I f i ( C L A T 1 5 0 0 , 6 3 0 , 5 ~ 0  

C HFAD l NGS 
6 0 0  GU TIJ ( 6 1 0 1  6 2 0 t 6 2 0 , 6 2 0 r 6 2 0 , 7 0 0 ) (  I N D  
6 1 0  CALL E X P H V Y ( C P X ~ ~ B I C P Y I  

I F 1  I S E L  ) 6 9 0 , 6 3 0 1 6 3 0  
1 7 = A  
CALL TSP(0 ,  1 7 , 1 0 1 5 1  
CALL C4020H 
PRINT 6 1  

FORMAT( 
1 1 2 7 n Z l d U T H A L  GREAT CIRCLE PROJECTION 
L OISTANCE AND ANGLE CORRECT FROM CENTREl  

1Y.C 
CALL TSPI  0 1  1 9 , 1 6 1  
CALL C 4 0 2 0 H  
PRINT 6 2  
FORMAT ( 15HENTRE L A 1  ITUDE 1 
CALL C 4 0 2 0 F ( A B S I S T N L A T l ~ 9 , 4 1  
5 8 s  CEGREES S I G N  
CALL TSPI  200,589 1 6 1  
3 7=N 50=S 
NC= 3 1 
I F ( S T N L A T 1 6 4 0 ~ 6 5 0 r 6 5 0  
NC=50 
CALL TSPI  2061NC1161  
19=C 
CALL  TSPIO,  199 3 2 1  
CALL C 4 0 2 0 H  
PRINT 6 3  
FORMAT1 15HENTRE LONGITUDE) 
CALL C 4 0 2 0 F l A B S I S T N L N G 1 ~ 9 ~ 4 l  
58. DESREtS S IGN 
CALL TSPI  2 0 0 , 5 8 r 3 2 1  
2 1 = t  5 4 = h  



lPJL.21 
I F ~ ~ T N L ~ C ) ~ \ C ~ P ~ ~ O P  h 7 0  
luc=54 
CALL T S P I  i U 6 v N C 1 3 2 )  
41-11 
CALL T S P ( 0 t 4 1 ,  4 8 )  
LACL  C 4 0 2 0 H  
P k I N T  6 4  
FORMAT( 1 5 t i A D I A L  D I S T A N C f  l 
CALL C+O2OF lRUISTv  9 1 4 )  
5H=  D t L K F E b  S I G N  
C A L L  TSP( 2 0 0 ~ 5 8 1 4 R )  
Gb  I l l  1 6 9 0 ~ 6 8 U r 6 V O ~ h Y O ~ h ~ O ~ 7 1 0 ~  V I N O  
CALL ADVFLMI IFHAME l 
CALL  T S P I  B 0 , 4 8 ~ 0 )  
CALL HURAM( CUDEP R  1 
C ALL HORAM( DATE, B  
C A L L  T S P I  2 3 Z v 4 8 r 0 )  
DU 61.2 I = l t 1 2  
L A L L  HUKAM( HEAD( l I 8 )  
CONT INUE 
C A L L  S I P T Y P  
CALL  V E C T O R ( C P X c C P Y - A R M f C P X t C P Y t A R M I  
CALL VkCTORt CPX-ARM,CPY,CPX+ARMeCPY) 
CALL  v E C T O R ( ~ U ~ ~ . - A R M I O . P  1023.10.) 
CALL  VECTOR( 1023.10.1 1023 .  *ARM1 
CALL STPTYP 
C A L L  LNDFME 
RETUYN 
STOP 

S P E C I A L  C A L L S  
L F t  I S E L  ) 8 1 0 1 7 1 0 r 8 4 0  
I=FHAMC 
1 F I  1 ) d 1 4 r t l 1 4 1 1 1 2  
I F (  I - 3 ) 8 2 0 ~ 8 2 0 , 8 1 4  
1 = 2  
C A L L  AUVFLMI I )  
C A L L  T S P I  8 0 . 4 8 ~ 0 )  
CALL  HORAM(CUDEt8 1 
C A L L  HORAMl OAT E, 8 )  
CALL  TSPI  2 3 2 ~ 4 8 ~ 0 )  
11,) 8 2 2  1 = 1 1 1 2  
C A L L  HOHAMIHEAOII),~) 
C[lNT IYUE 
RAD=*II  O 
G11 TO 6 9 0  
NC= ILCING 
I F ( N L 0 N G - 5 1  R509 8809  8 5 0  
NC= I L A T  
I F I N L A T - 5 )  860,  8 8 0 9 8 h O  
P L A T - U I S T  
[ F I U I S T  1 8 7 0 q 8 7 0 v 5 0 0  
CALL  A P P U L I X F , Y F I R D I S T ~ F R A H E )  
C A L L  VECTOR(CPX,CPY ,KF,YF) 
C A L L  VECTOR(CPXvCPY 9XF, Y F )  
GO TL) 6 9 0  
C A L L  VECTOR1 1023.-ARMvO.v 1023.-RAUtO. I 
XF=RAD/ADIST  
NZX=NC 
N D I S T = R D I S T  
DO 9 3 0  I = l v N D I S T  
N I X - 1 0 2 3 . - X F c F L O A T I  I )  
I F I N Z X - 1 ) 9 2 0 1 9 1 0 r  920 
C A L L  V E C T O R I N ~ X ~ O I N ~ X , R )  
NZX=NZX+NC 
GO T O  9 3 0  
C A L L  V E C T U h ( N l X t 0 , N  1 x 1 4 )  
CONT INUE 
GO TO 6 9 0  
F  NO 

SUBTYPE ,FORTRANtLMAP,LSTRAP 
ALIMUTHAL GREAT C I R C L E  MAP PROJECTION (APCOD) .................................... 

FROM THE CALL APCOO( X I Y ~ P L A T ~ P L O I Y G )  
T H I S  SUBROUTINE CONVERTS COURDINATES PLAT  AND PLDNG 
T U  UrYITS X  AND Y  SUITABLE FOR P L n T T I Y G  THE AZIMUTHAL GPEAT C I R C L E  
MAP PROJECTION ON THE S - C 4 0 2 0  AFTER F I R S T  C A L L I N G  4PMAP 

PLAT P O S I T I V E  FOR DEGREES NORTH, NEGATIVE  FOR DFGREES SOUTH 
PLONG P O S I T I V E  FOR DEGREES EAST, NEGATIVE  FOR DEGREES WEST 

THE FORMULAE FOR T H I S  A7IMUTHAL GREAT C I R C L E  MAP PROJECTION 
ARE BASED UN DLACKNEST NOTE P A 4 / A G 7 3  HY YR.  C. HRIGMT 
T H I S  PROGRAM SUPERCEDES THE PROGRAM WRITTEN AND OESCHI eED H Y  MR. U d I G H T  
THOUGH I N  P K I N C I P L E  THEY ARE THE S4YE 

THE FORMULAE USED ARE - 
COSF - 1 9 )  S I N F  - ( 1 0 )  COST - ( 5 )  S I N 1  - 1 6 )  X - Ill Y - ( 9 )  



A S  NUWOkRkD I N  THE NDTF 

N.6. T t i t  COORDSNATE SYSTEM H A S  L3Et:N M O U I l ' I E D  IrnA T H l  S PROGRAM 

SURt(OIJT I N E  APCOUL X t  Yv P L A T *  PLONG)  
CCMMON /SCOFION/ I F R A M E , N C O P Y O C . P X , C P Y ~ I ~ A D ~ R D I  S T , F A C T t S L A T t S L O N C r  

1 R , C O S R q S I N R 1  P + C O S P q S I N P *  O I C O S O ~ S I N Q ,  
2 F t C O S F ,  S I N F i  T e C O S T v S I N T  

O A T A  OTORL 0 . 0 1 7 4 5 3 2 9 3 1  R T O D ( 5 7 . 2 9 5 7 7 9 5 1 3 l  

P  ( 9 0 . - P L A T l * O T O R  
C O S P  = C O S I P I  
S I N P  = S I N ( P 1  
O = PLONG-SLONGI  *DTOR 
CUSQ = C O S ( Q )  
S I N E  = S I N ( O I  

COSF-S INP*COSO*COSR-.COSP*S I N R  
S I N F = S I N P * S  I N Q  
LOST=COSP*COSR+SINPQCOSQ*SINR 
S I N T = S Q R T ( C O S F * C O S F + S I N F * S I N F )  
COS F = C U S F / S  I N T  
S I N f - = S I N F / S I N T  
T = A T A N 2 (  S  I N T q C U S T l * R T O D  
X  = T * S I N F  
Y  = TQCOSF 

X = C P X t X * F A C T  
Y = C P Y + Y * F A C T  
RETURN 
END 

S U B T Y P E *  F O K T R A N *  L M A P e L S T R A P  
A Z I M U T H A L  GREAT C I R C L E  MAP P R O J E C T I O N  ( A P P O L )  ---------------..-------------------- 

FROM T H E  C A L L  A P P O L I  X 1  Y 1  G I S T  ,ANGLE 1 
T H I S  S U B R O U T I N E  CONVERTS THE P O L A R  C O O R D I N A T E S  D! S T  AND ANGLE 
T O  U N I T S  X  AND Y S U I T A B L E  FOR P L O T T I N G  T H E  A Z I M U T H A L  G R E A T  C I R C L E  
MAP P R O J E C T I O N  ON T H E  S - C 4 0 2 0  A F T E R  F I R S T  C A L L I N G  APMAP 

D I S T  D I S T A N C E  I N  DECREES FROM THE C E N T R E  
ANGLE ANGLE I N  D E G R E E S  FROM NORTH THROUGH E A S T  

S U B R O U T I N E  A P P U L I X V Y I  OISTIANGi.E 8 
COMMON /SCOWON/ I F R A M E t  NCOPY t C P X t C P Y ( R A D , R D I  ST. F A C T *  S L A T *  SLONG 

R = U I S T + F A C T  
T ' A N G L E * 0 . 0 1 7 4 5 3 2 9 3  
X=CPX+R*S I N I T  l 
Y t C P Y - R * C O S I  T )  
RETURN 
END 

S U B T Y P E *  O A T A  



M ~ H C A T ~ I R  A T L A N T I C  J t l H  v 
T Y P k , C O M P I L  G O ,  F 4  
S U H T Y P E , F I l l D  

1 4 M I U D 1 T A P f v  P t P t r S A V t  
H E E L *  P L U H 0 8 0 0  
t-NU 
S U B T Y P E q r O R T R A N t L M A P t L S T R A P  

C A L L  S C L I R R  
U A T A  F  1 G 3 ( 8 t i F I L U H E  3 )  
C A L L  M E H C A T t  2 1  3 0 1  3 0 9 4 1  
C A L L  T S P (  4 7 2 r 4 ' 3 1  8 )  
L A L L  HURAM(  F l L  ? l  d )  
C A L L  F I N I S H  
P E T U R N  
E h0 

S U R T Y P E p F O R T K A N , L Y A P t L S T R A P  
ML-RCATUR P L O T T  I N G  PROGRAM MERCAT l VEK S1 ON l) 
~ t 4 ~ t * 0 4 ~ ~ * t t ~ ~ t t t t t Q ~ 9 ; O 9 4 : 4 ~ ~ 0 ; O C *  

T H I S  S U B R O U T I N E  P L O T S  A  WORLD MAP U N  M E R C A T U R S  P R O J E C T I O N  
D A S t O  O N  T H E  E Q U A T O R  A N D  T H E  G R E E N W I C H  M E R I D I A N  

F R C M  T H E  C A L L  M E R C A T I  I F R A M E I N L A T P N L O N G ~  I S E L  1 
N L A T  SPAC I N G  O F  L A T I T U D E  I N  D E G R E E S  

IF Z E R O  S P A C E D  A T  10 D E G R F E S  
h L O N C  S P A C I N G  O F  L O N G I T U D E  I N  D E G R E E S  

I F  Z E R O  S P A C E D  A T  2 0  D E C R E E S  

M E R C T l  

I S E L  D E T E R M I N E S  T H E  F O L L O W I N G  - 
I S E L  = 0 A D V A N C E  F K A M E  
I S E L  = 1 S E P A P A T E  P I C T U R E S  OF S R A T I C U L E ,  S H O R E L I N E S I  AND D A T A  
I S E L  = 2  P I C T U R E  OF G R A T I C U L E  O N L Y  
l S t L  = 3 P i C T U R E  O F  S H O R E L I N E S  O N L Y  
I S E L  = 4 C O M P O S I T E  P I C T U R E  

I F R A M E  D E T E R P I N E S  T H E  F U L L O W I Y G  - 
I F R A M E  = 1 M I C R O F I L M  O N L Y  
I F R A M t  = 2 H A R D C D P Y  O N L Y  
I F R A H E  = 3 H A R D C O P Y  A N D  M I C R O F I L M  

S U B U O U T l N E  M E R C A T (  I F R A H E 1 N L A T i N L D N G v I  S E L )  
CUMMUN / S H O R E S /  N C l l A S T r  C L A T ( 8 3 3 8 1 ~  C L O N S ( 8 3 3 8 )  1 N C I N D  
U A T A  L T A P t l  l 4 1  
C A L L  E X P L G T ( 5 l l r 4 8 i  5 1 1 )  

I N D = I S E L + l  
G 0  TO (410110, 1 0 ~ l O ~ l O 1 r I N D  
C A L L  R E P t A T t  I F R A M E . 0 )  
C A L L  V C C T O K (  1 0 0 7 1 0 1  1 0 2 3 ~ 0 )  
C A L L  V E C T O R (  1 0 2 3 r O t  1 0 2 3 1  1 6 1  

L A T I T U D E S  
ALONC=O. 
N P = - 6  
DO 1 8 U  1 ~ 1 1  1 8 1 r I L A T  
A L A T = I - 9 1  
L A T = A B S ( A L A T I  
C A L L  M E R C U D I k l X 1 N l Y  1 A L A T i A L O N G )  
C A L L  X A X S T P ( 0 i N l Y  1 1 0 2 3 1  
I F ( L A T I  1 2 0 1 1 1 0 1 1 2 0  
N P = 6  
C A L L  X A X S T P [ O * N l Y  1 1 0 2 3 1  
GO T U  1 8 0  
I F ( L A T - 8 4 1 1 4 0 1  1 4 0 ~ 1 3 0  
L A T = 8 4  
N l Y = N l Y t N P  
C A L L  T S P l  5 0 0 1 4 8 , N l Y )  
C A L L  C 4 0 2 0 1 1 L A T 9 3 )  
C A L L  S T P T Y P  
C O N T I N U E  

L O N G I T U D k S  
A L A T = 8 4 .  
C A L L  M E R C O D ( N l X e N 1 Y  t- A L A T t  A L O N G )  
C A L L  M E H C O O ( N 2 X t N 2 Y r A L A T ~ A L O N G l  
C A L L  T S P ( 5 0 4 i  3 7 1 N Z Y t b l  
C A L L  T S P (  5 0 4 , 5 0 1 N l Y - 6  l 
C A L L  T S P (  1 0 1 6 ,  2 1 1 5 0 5 )  
C A L L  T S P 1 6 1 5 4 1 5 0 5 1  
C A L L  S T P T Y P  
N P = - 3 0  



DO 2 f l O  1 - l q  3 6 1 1  ILUNG 
A L O h G r l - 1 9 1  
LOhG=AHSI hLUN6 ) 
CALL MCHCOU(NlX,NlY . - A L A ~ V A L O N G )  
CALL YAXSIP(N lX ,N lY .NZYJ  
IF (LONG t L201  210, Z 2 0  
NP=-30  
CALL YAXSTP(Nl,X,NkY i N Z Y )  
ZU T O  280 
I F (  L O N G - l 7 0 ) 2 4 0 ~ 2 8 O ~ 2 8 0  
N l X = N l X + N P  
CALL T S P ( N l X p 4 8 t 5 0 5 1  
CALL C40201(LUNGt  3 )  
CALL STPTYP 
CONTINllE 
CALL E X P H V Y ( 5 1 1 ~ 4 8 i S l l I  
CU TO ( 3 0 0 , 2 9 0 i 4 0 0 v  3 0 0 i 3 0 0 J  i IND 
CALL AOVFLMI IFHAME) 
CALL V E C T O R (  1 U 0 7 i 0 1  1 0 2 3 ~ 0 )  
CALL VECTOR( 1 0 2 3 ~ 0 e  1023 ,161  

SHORELINES 
ALAT=84. 
CALL N t K C O 0 ( N l . X ~ N l Y  o- ALAT, ALONG1 
CALL M E R C O D ( N Z X i N 2 Y t A L A T , A L O N G l  
CALC V F C T O R ( 5 1 1 r 4 9 5 . 5 1 1 i 5 2 7 )  
CALL V E C T O U l 4 9 5 i 5 1 1 , 5 2 7 i 5 1 1 )  
CALL XAKSTP10v N1Y p 10231 
CALL XAKSTP(OIN~YV 1 0 2 3 1  
CALL YAXSTP(OqNlY iN2Y I 
CALI. YAXSTP( 1023,NlY,N2YJ ' 

I F I N C l N D ) 3 0 1 r  3 0 2 1 3 0 1  
REAL ( L T A P E I  N C O A S T ~ ~ C L A T ~ I ) ~ C L O N G ~ I ) ~ ~ ~ ~ V N C O A S T )  
NCIND = 0  
1  = o  
NC=O 
N C = N C t l  
CALL MERCOD(NlX,NlY ,CLAT(NC)tCLONG(NC ) l  
G 0  TO 3 8 0  
CALL MERCUD(NZX,N2Y iCLAT lNC1 iCLONG(NC I I 
IF(CLUNG(NC)+180 . )  3 6 0 t 3 3 0 t 3 6 0  
l = I t l  
GO T O  ( 3 4 0 i 3 5 0 I ~ f  
NZX-1023  
CALL V t C T O R I N l X i N l Y  I N Z X ~ N ~ Y )  
N l X = O  
GO TO 3 7 0  
N2X=U 

.CALL VECTOR(N lX1NlY  1N2XiN2Y I 
N l X = 1 0 2 3  
l =0 
GU TO 3 7 0  
CALL VECTORINLXVNLY*N~X,NZYI  
N lX=NZX 
NlY=NZY 
N C = N C t l  
IF(NC-NCOASTI390r400i400 
I F ( C L A T ( N C 1  1 3 2 0 ~ 3 9 5 , 3 2 0  
I F I C L O h G ( N C J I 3 2 0 ~ 3 1 0 1 3 2 0  

CALC T S P ( 4 r  36 ,10151  
CALL C4020H 
PRINT 3  

FORMAT l 
1127HEHCATOR PROJECT ION 
2  ALL BEARINGS CORRECT AND ORTHOMORPHIC) 
GO TO ( 4 2 0 r 4 1 0 r 4 2 0 . 4 2 0 i 4 2 0 ~ t  I N 0  
CALL ADVFLMI IFRAME) 
CALL VECTOR1 100710 ,1023 ,OI  
CALL VECTOR( 1 0 2 3 ~ 0 ~ 1 0 2 3 ~ 1 6 )  
CALL VECTOR(51 1 ~ 4 9 5 r 5 1 1 * 5 2 7 1  
CALL V E C T O R ( 4 9 5 i 5 1 L i 5 2 7 ~ 5 1 1 l  
CALL STPTYP 
CALL E X P H V Y l 5 1 1 ~ 4 8 , 5 1 1 1  
RETURN 
END 

SUBTYPE, FORTRAN, LMAPiLSTRAP MERCDL 
MERCArOR PI-OTT ING PROGRAM MERCOD (VERSION 1) ................................. 

L 

C FROM THE CALL M E R C O O ( N X ~ N Y V A L A T , A L O N G I  
C  THIS  SUf3RL)UTINE CONVERTS COORDINATES ALAT AND ALONG 
C TO S-C4020 HASTEH UNITS NX AND NY FOR PLOTTING MERCATORS PROJECTION 
C  MASED ON T H t  EQUATOR AND THE GREENWICH MERIDIAN 
C  4LAT P U S l T l V E  FOR DEGREES NORTH, NEGATIVE FOR DEGREES SOUTH 
C ALONG P U S I T I V k  FOR OEGHEES EAST* NEGATIVE FOR DEGREES WEST 
L 
C THE MFHIDIANS ARE EQUALLY SPACED WHERF FACT = 1 0 2 4 / 3 6 0  
C THE U I S T A N C t  Ol- ANY PARALLEL FROM THE EQUATOR I S  G I V E N  BY 



Y  = R 9 L k I  S E C l A L A T ) + T A k ( A L A T l  l WHFRF 2 * P I * H  = 1 0 2 4  
AhY L A T I T U D k  L l V F R  A4 D t G U t t S  I S  CLIYPUTED AT 8 4  

SIJI3HIIUTINE H F R C U U ( N X v N Y i A L A T v A L C 1 N G )  
U P T A  F A C l f  2 . 8 4 4 4 4 4 4 4 4 1 1  0TOR( 0 . 0 1 7 4 5 3 2 9 3 l v  H  ( l b 2 . 9 7 4 6 6 1 7 2 h I  

NX=! i l l . tALUNG*FACT 
HLPT=ALAT*DTOU 
I F l A 8 S l  ALAT l - 8 4 . 1 5 0 v 4 C i 4 0  
H L A T = S I l i N ( 0 4 . ,  ALAT)+OTnR 
N Y = > 1 1 . - R * A L O G l S E C l H L A T l + T A N l R L A T  1 1  
KETUriN 
Eh'D 

SUBTYPEt FOPTHANi LMAPiLSTRAP 
FUNCI I Oh S t C (  X l 
S t C = L . / C U S ( X )  
RETURN 
t ND 

SUBTYPEi DATA 



JOU 1 

T Y P E , C O M P I L G ( l r f . 4  
S U O V Y P E t  F I O D  

1 4 t 3 1 i J ~ ) v T A P E ,  r 1 r 9 , S A V E  
*):EL ,PL.f\Bi,soo 
CND 
S \ J t 3 T Y P € ~ F O H T K A N ~ L M A P ~ L S T R A P  

C A L L  S C L I 8 U  
D A T A  F I t i 4 I 8 t i F l t i U R E  4 1  
C A L L  M k H L A T (  2 1  0 1 0 , 3 1  
C A L L  T S P ( + 7 2 , 4 8 s  U1 
CAL I .  H U U A M I  F I G 4 ,  d l '  
C A L L  F  I N I S I i  
t tL tTURN 
E N D  

SUHTYPEof 'OPTI IAN,L .MAP,LSTRAP H E R C T 2  
M E R C A T O R  P L O T 1  [tub PROGRAM M F R C A T  ( V E R  S1 O N  2 )  
Q Q , t Q * Q Q C 9 P 1 4 1 t C t * 4 C C O * O * * * + + * t * *  

T H I S  S U O R U U T I N E  P L O T S  A  WORLD MAP O N  M E R C A T O R S  P R O J E C T I O N  
BASE[ )  U N  THE t U U A T O R  A N D  T H E  I N T E H N A T l O N A L  D A T E  L I N E  

F R O M  T H E  C A L L  H E R C A T (  I F U A M E ~ N L A T V N L O N G ,  l S k L 8  
N L A T  S P A C I N G  OF L . A T I T U D E  I t4  D E G R E E S  

I F  Z E R O  S P A C E D  AT 1 0  D E G R E E S  
N L O N G  S P A C I N G  O F  L O N G I T U D E  I N  D E G R E E S  

I F  Z E R O  S P A C E D  A T  2 0  D E G R E E S  

I S t L  D E T E R M I N E S  T H E  F O L L O U I N G  - 
I S E L  = 0 A D V A N C E  F R A M E  
1 S t L  1 S E P A K A T E  P I C T U R E S  OF 6 R A T l C U L E 1  S H O R E L I N E S ,  AND D A T A  
I S E L  = 2 P I C T U K E  O F  G R A T I C U L E  O N L Y  
I S E L  = 3  P I C T U R E  O F  S H O R E L I N E S  O N L Y  
I S E L  = 4  C O M P O S I T E  P I C T U R E  

I F H A M E  O k T t U M I N F S  T H E  F U L L O W I N G  - 
I F H A M E  = 1 M I C R O F I L M  O N L Y  
I F R A M E  = 2 H A R D C O P Y  O N L Y  
I F R A M E  = 3 H A R D C O P Y  A N 0  M I C R O F I L M  

S U B H C U T  I N E  H E R C A T (  I F R A M E e N L A T q N L O N G t  I S E L )  
COMMUN / S H O K t S /  N C O A S T  S C L A T (  5 3 3 8 )  1 C L O N C  ( 8 3 3 8 )  r N C I N D  
D A T A  L T A P E I  1 4 )  
C A L L  E X P L G T ( 5 1 1 ~ 4 8 ~ 5 1 l l  

I N U = I S E L + l  
6 0  T O  l 4 l O , l O ,  l U ,  l O , l O l ,  I N D  
C A L L  R E P E A T (  I F R A M E P O )  
C A L L  V f C T O R I 1 0 0 7 r 0 t 1 0 2 3 ~ 0 1  
C A L L  V E C T O R (  1 0 2 3 r 0 , 1 0 2 3 r 1 4 )  

L A T I T U D E S  
ALUNG=O. 
N P = - 6  
DIJ 1 8 0  1 '1 ,181 ,  I L A T  
4 L A T . I - 9 1  
L A T = a B S ( A L A T I  
C A L L  M ~ R C O O ( N ~ X I N ~ Y ~ A L A ~ ~ A L O N G ~  
C A L L  X A X S T P ( 0 9 N l Y  , 1 0 2 3 )  
I F I L A T  l 1 2 0 1 1 1 0 1  1 2 0  
N P = 6  
C A L L  X A X S T P ( O ~ N l Y r 1 0 2 3 1  
GO T O  1 8 0  
I F ( L A T - 8 4 ) 1 4 0 ,  1 4 0 , 1 3 0  
L A T = 8 4  
N l Y = N l Y + N P  
C A L L  T S P (  5 0 0 , 4 8 , N l Y  8 
C A L L  C 4 0 2 0 1  ( L A T . 3 1  
C A L L  S T P T Y P  
CONT I N U E  

L O N G I T U D E S  
A L A T - 8 4 .  
C A L L  M E H C U D ( h l X , N l Y  1 - A L A T v A L O N C )  
C A L L  M ~ H C O D ( N ~ X I N Z Y  t A L A T ,  A L O N G )  
C A L L  I S P (  5 0 4 , 3 7 , N Z Y t b )  
C A L L  T S P (  5 0 4 , 5 0 q N l Y - 6 8  
C A L L  T S P (  1 0 1 4 ,  5 4 ,  5 0 5 )  
C A L L  T S P ( 6 . 2 1 ,  5 0 5 1  
C A L L  s r P r Y P  
N P = - 3 0  



O(J 2i10 I = l i  3 6 1  9 ILUNG 
ALUNC= I - 1 0 1  
LOhb-ANSI ALIJNG) 
CALL MCMCLJOlNLXrNlY V - A L A T v  ALUNGI 
CALL YAXSTP(N lXvN1Y 1N2Y 1  
I F I L O N G )  Z L O , Z 1 ~ 1 2 2 0  
N  P= - 3d 
CALL YAXSTPI 1 0 2 j ~ N l Y i N Z Y  I 
t i c 1  TU 280 
I F ( L O N G - l 7 0 ) 2 4 U , 2 8 0 1 2 A 3  
N l X = N l X + N P  
CALL T S P ( N l X q 4 8 ,  5 0 5 )  
CALL C40201(LONGo 31  
L A L C  s r P i Y P  
LONT INUE 
L A L L  t X P H V Y l 5 1 1 ~ 4 R i 5 1 1 l  
GU 10 ( 3 0 0 q 2 9 0 r 4 0 0 1  3001  3 0 0  I, I N 0  
L A L L  AiJVFLM( IFKAMEI  
CALL VtCTOR( 1007sOq 1023,O) 
CALL VECTOR( 1 0 2 3 q O i  1 0 2 3 q l h )  

SHUKEL INES 
ALAT=84. 
CALL M C K C O D ( N ~ X I N ~ Y ~ - A L A T ,  ALONG) 
CALL Y E R C O D l N Z X q N Z Y q A L A T i A L O N G 1  
CALL V E C T O R l 5 1 1 q 4 9 5 ~ 5 1 1 i 5 2 7 ~  
CALL V E C T O R l 4 9 5 q 5 1 1 ~ 5 2 7 , 5 1 1 )  
L A L L  XAXSTP(OiN1Yt  1 0 2 3 1  
L A L L  XAXSTPIOi  N 2 Y t  1 0 2 3  l 
CALL YAXSTPIO.NlY*NZY I 
CALL YAXSTPI 1 0 2 3 , N l Y q N 2 Y )  
I F ( N C 1 ~ D 1 3 0 1 i 3 0 2 v 3 0 1  
HEAC ( L T A P E I  N C f l A S T q l C L A T I I ) v C L O N G (  I ) ~ I = ~ v N C O A S T I  
NCINO = 0  
NC=O 
NC=NC+ 1 
CALL M ~ R C U D ( M L X V N ~ Y  pCLAT(NC1 tCLONG(NC) )  
GO TO 3 8 0  
CALL Y t R i U D ~ ~ 2 X l N 2 Y l C L A T ( N C l ~ C L O N G ( N C l )  
lFlCL~NGlNC))326,324i326 
I F t S I G N I 1 . ~ C L O N G ( N C t 1 ~  I -S IGN(  1.vCLONGINC-l1 1  1 3 3 0 , 3 6 0 , 3 3 0  
IF(SIbN(l.rCLUNG(NC))-SIGN(1. v C L O N C ( N C - ~ I  I j 3 2 8 q 3 6 0 1 3 2 8  
I F ( A O S l C L O N G I N C l l - l 7 O *  1 3 3 0 t 3 6 C , 3 6 0  
IF(CLIJNG( NC-11 1 3 4 0 1  380,350 
NZX=1023  
CALL VECTOR(N lX tN1Y i N Z X i N 2 Y )  
N l X - 0  
GO T(l 370 
NZX=d 
CALL VECTOkIN lX ,N lY  iNZXqN2Y)  
N l X = 1 0 2 3  
GO TO 3 7 0  
C 4 L L  V t C T O K L N l X q N l Y  1N2XvN2Y) 
"IX=V2X 
NlY=NZY 
:VC=NC+ l 
I F  (NC-NCOAST)390,4UOi 4 0 0  
I F I C L A T I N C I  ) 3 2 0 q 3 9 5 r 3 2 0  
I F l C L U N G l h C ) l 3 2 0 q 3 1 0 ~  3 2 0  

CALL TSP( 4 1  369 1 0 1 5 4  
CALL C 4 0 2 0 H  
PRINT 3 

FORMAT ( 
1127HERCAT OH PKOJkCT ION 
2  ALL HEARINGS CORRECT AN0 ORTHOMORPHIC 1  
20 TU ( 4 2 0 , 4 1 0 1 4 2 0 ~  420 ,420)  t I N D  
CALL ADVFLM( IFHAME1 
CALL VECTURI 1 0 0 7 ~ 0 ~ 1 0 2 3 ~ 0 1  
CALL VECTURI 1 0 2 3 ~ 0 q  1 0 2 3 ~ 1 6 )  
CALL VECTOR(511.495q511.527)  
CALL V E C T I l R ( 4 9 5 r 5 1 1 r 5 2 7 ~ 5 1 1 )  
CALL STPTYP 
CALL EXPHVY ( 5 1  1,48,5111 
RETURN 
f NO 

SUBTYPE,FUKTHAN, LMAPtLSTRAP 
MtRCPTOR PLOTT I N G  PROGRAM MERCOO l V E S  S1 ON 2 )  
* * * * * * * * * * * * * * * S * * * * * * * * * * * * * * * * *  

FROY THE CALL HEKCOO(NX,NYqALATiALONG) 
T H I S  SUBROUTINE CONVERTS COORDINATES ALAT AN0 ALONG 
TO S-C402U RASTEK U N I T S  NK AND QY FOR PLOTTING MERCATURS PROJECTION 
BASE0 ON THE EQUATUR AND THE INTERMATInNAL OAT€ L I N E  

ALAT P U S I T I V E  FOR DEGREES NOHTHq NEGATIVE FUR DFGREES SOUTH 
ALUNC P O S I T I V E  FOR DEGREES EAST* NEGATIVE FOR DEGREES WEST 

THE MERIDIANS ARE EQUALLY SPACFD WHERE FACT = 1 0 2 4 / 3 6 0  
THE 1)ISTANLE (;F ANY PARALLEL FROM THE EQU4TOR I S  G I V E N  BY 



Y = K * L h (  S E C l A L A T ) + T A N ( A L A T l  ) WHFRE 2 * P f  * R  = 1 0 2 4  
A N Y  LATITUDE OVkR 8 4  DEGREES I S  COMPUTED AY 0 4  

REFEHtNCE - AN 1NTRDDUCTfON TO THE STUDY OF MAP PROJECTIONS 
B Y  J.A.STEERS P.162 

SUHROUT I N f  MERCllDlNX,NY ,hLAT, ALUNC) 
OATA FACT( 2 . 8 4 4 4 4 4 4 4 4 1  D T O R l 0 . 0 1 7 4 5 3 2 9 3 1 ~  R ( 1 6 2 . 9 7 4 6 6 1 7 2 6 )  

i t ( A L I l F ( G I Z U , 1 U t  10 
lUX=ALONG*FACT 
GO T O  30 
NX=l023.+ALf lNG*FACT 
RLAT=ALAT*DTOH 
I [ - ( A B S 1 A L A T ) - 8 4 .  ) 5 0 , 4 0 , 4 0  
HLATzS IGN( 84.1 ALAT )*DTOR 
NY=511.-R*ALOG(SECl R L A T M A N W L A T  U 
t(ETUKN 
END 

SUBTYPE, FCJRTRAN~LNAP,ISTRAP 
FUNCTILIN S E C 1  X ) 

S t C ~ l . / C O S ( X )  
RETURN 
END 

SURTYPE, DATA 



MPLO T  B  J O B t  
h TYPE,COMI ' IL ( ;01F4  
T  S U B T Y P k ~ F I O D  
b 1 4 0 1 O D ~ T A P t ,  1 t , S A V E  
h R E E L ,  P L B H 0 0 0 0  

CND 
T  S U B T Y P E v F O R T R A N ,  L M A P t C  S T R A P  

D A T A  F1(;5( B H F I C U H E  5 )  1 F I G 6 ( 8 t i F I G U R E  6 )  
CALL.  S C L l B h  
C A L L  M P L O T ( 0 . r  0.30.  r 0 , 0 1 0 .  PO. P O * ,  1 4 9 4 t 1 1 6 , 3 2 , F I G 5 * 1  1 
CALL. MPLOT( -U .5v -U .51  0 . ~ 0 ,  0 , - 0 . 5 1 0 . O r - 1 3 0 . 1 1 4 1 4 1 1 1 6 , 3 2 , F I G 6 1 1  l 
C A L L  F I N I S H  
R E T U R N  
CND 

l' S U B T Y P t t  F O R T R A N *  L M A P v L  S T R A P  
S U H U I ) U T I N E  M P L O T  ( X c Y  ( Z t  I X r N P T ~ K A U I U S r G L A T r G L O N ~ L C O A S T r  I S E L t  I X M A R r  

l I Y M A R v T , K E Y I  
C  
C  *4 *  X t  YI A N D  Z  A R E  T H E  L O C A T I O N S  O F  THE F I R S T  P O t N T  T U  B E  C O N S I D E R E D  F O R  
L P L O T T I N G .  ( - T H E  P O I N T  W I L L  N O T  B E  P L O T T E D  I F  I T  I S  H I  D D E N  B Y  T H E  
C  E A K T H . I  T H E  C O O R D I N A T E  S Y S T E M  I S  AN E A R T H - C E N T E R E D v R l G H T - H A N D  
C R F C T A N G U L A R  S Y S T E M  W I T H  THE + . X - A X I  S  G O I N G  THROl lGH H E  G R F E N W I C H  
C  M E R I D I A N  A N D  THE E Q U A T O R (  A N D  TI+k +Z A X I  S  P A S S I N G  THROUGH T H E  
C N O R T H  P U L E .  
C  *** I X  I S  T H t  NUMBER O F  C E L L S  TO C O U N T  TO G E T  F R O M  T H E  F I R S T  X  ( O R  Y  OR 
C  2 )  C O O R D I N A T E  TO T H E  SECOND X ( O R  Y  OR Z )  C O O R D I N A T E .  
C  *** N P T  I S  T H E  NUMBER O F  C O O R D I N A T E  T R I P L E T S  I N  C O R E S  
C  *** R A D I U S  I S  T H E  R A D I U S  O F  THE E A R T H  I N  THE SAME U N I T S  A S  X, Y, AND Z. 
C *** G L A T  I S  T H E  L A T I T U D E  O F  T H E  P O I N T  H E N E A T H  T H E  V I E W P O I N T *  M E A S U R E D  
C OEGREES P L U S  N O R T H  F R O M  THE EQUATOR. 
C  *** G L O N  I S  T H E  1 , U N G I T U C E  O F  T H E  P O I N T  B E N E A T H  T H E  V I E W P O I N T ,  M E A S U R E D  
C  D E G R E t S  P L U S  E A S T  FROM T H E  G H E E N H I C t i  M E R I D I A N .  
C  *** L C U A S T  I S  T H E  L O G I C A L  NUMBER OF T H E  T A P E  U N I T  O N  H H I C H  W I L L  B E  L O A O E O  
C  T H E  T A P E  C U N T A I M I N G  THE C O A S T L I N F  P O I N T S .  
C  *** I S f L  D E T E R M I N E S  T H E  BACKGROUND. I F  
C  I S E L  = I t  S t P A R A T E  P I C T U R E S  SHOWING G R I D  L I N E S  ( S P A C E D  1 0  D E G R E E S  
C A P A R T )  A N D  C O A S T L f N E S  W I L L  B E  FORMED. 
C  l S E L  = 2, O N L Y  P I C T U R E S  SHOWING G R I D  L I N E S  W I L L  B E  FORMED. 
C  1 S E L  3 1  O N L Y  P I C T U R E S  SHOWING C O A S T L I N E S  W I L L  DE FORME!). 
C  I S E L  = 41 P I C T U R E S  SHOWING B O T H  G R I D  L I N E S  A N D  C O A S T L I N E S  W I L L  
C  B E  FORMED.  
C  I S E L  P 5 1  E X T R A  F A C I L I T Y  A D D E D  TO H E L P  W t T H  P L O T T I N G  P O I N T S  
C ( S E E  H P C O D I  
C *** l X M A K  I S  T H E  NUMBER O F  CHARACTRON U N I T S  T f l  B E  R E S E R V E D  FOR A  M A R G I U  
C O N  T H E  L t F T  AND R I G H T  S I D E S  O F  THE FRAME. 
C *** I Y M A R  I S  T H E  NUMBER O F  CHARACTRON U N I T S  TO B E  R E S E R V E D  FOR A  M A R G I N  
C  O N  T H E  T O P  A N 0  B O T T O M  OF T H E  FRAME. 
C  4** T  I S  T H E  L O C A T I O N  O F  T H E  F I R S T  WORD C O N T A I N I N G  T H E  B C D  C H A R A C T E R S  
C T H E  T I T L F .  
C  *** K E Y  I S  T H E  NUMBER O F  C H A R A C T E R S  I N  THE T I T L E .  
C  
C  

D I M E N S I O N  M T ( 2 l ~ R A N ~ 5 1 ~ A M A T 1 9 I ~ X X ~ 2 O O ~ 2 l ~ Y Y ~ 2 O O t 2 ~ ~ T ~ K E Y ~  
COMMON /SCUMON/  I F R A M E v N C O P Y  t C P X t C P Y p R A D t S C F X * S C F Y  

C  
l F ( I t R A M E ) 2 ~ 2 r l  

1 I F 1  I F R A M E - 3 1 3 , 3 , 2  
2  I F H A M E = Z  
3 I A X X = I A B S (  I S E L  J M P L O T 0 4 5  

I F 1  I A X X - 5 1 3 0 ~ 8 0 0 8 r  3 1  H P L O T 0 4 6  
3 1  P H I N T  32 ,  I A X X  M P L O T 0 4 7  
32 FORMAT ( / / / /  3 1 H  T H E  V A L U E  O F  T H E  ARGUMENT i S E L . 1 6 r 3 9 H  I S  T O O  L A R G E . M P L U T 0 4 8  

1 I S E L  MUST R E  5 OR L E S S . / / / )  M P L O T  349 
GO TO 8 M P L O T 0 5 0  

30 I F I C P X - 1 0 2 3 .  ) 3 0 0 2 r  3 0 0 3 t 3 0 0 3  M P L O T O 5 1  
3 ~ 0 2  I F ( C P X  l 3 0 0 3 9 3 0 0 3 r  3 0 0 4  Y P L O T O 5 1  
3303 C P X = 5 1 1 .  # P L O T 0 5 1  
3 0 0 4  I F ( C P Y - 1 0 L 3 . 1 3 0 0 5 9  3 0 0 6 9 3 0 0 6  M P L O T O 5 1  
3UDS 1 F  ( C P Y  l 3 0 0 6 9  3 0 3 6 ,  3 0 0 8  M P L O T O 5 1  

1 SPAC E1 C P X v C P Y  vO. r  C P Y  l q S P A C E t C P X t C P Y *  1 0 2 3 .  q C P Y 1  l 
N X M A R = I  A B S (  I X H A R I  
N Y M A H = I A B S (  I Y M A R )  
XMAH=CPX-FLOAT ( N X M A R I  
Y M A K = C P Y - F L O A T ( N Y M A R 1  
GO TO (8001~8002,R003~8002l,IAXX 

R 0 0 1  1 O P T = 2  
I C O A = l  
GO T O  8 0 0 0  

B 0 0 2  I f l P T = l  
l COA= 1 
GO T O  8 0 0 0  

M 0 0 3  I O P T = Z  
l C U A = 2  

8 0 0 0  C O N 1  I N U E  
IF~HAUlUSIB204~8004,8005 

8 2 0 4  C O N T I N U E  
d A N (  1 ) = - R A D I U S  
AVX=-X  



A V Y = - Y  M P L O T O l O  
l GO['= 1 M P L O T O 7  l. 
G U  T U  H 0 0 6  M P L D T O 7 2  

U U 0 4  I G ( 1 P - 1  M P L O T 0 7 3  
AVX.0. Y P L O T 0 7 4  
A V Y - 0 .  M P L O T 0 7 5  
R A N (  1 1 ~ 1 .  L O l @ R h D / A M i t r l 1 ~ X M A H t Y N A I ~ )  Y P L O T 0 7 h  
GO T l )  8 0 0 6  M P l . O T 0 7 7  

A 0 0 5  I G I I P = O  U P L O T 0 7 8  
8 0 0 6  C D N T  I N U E  W P L I l T 0 7 9  

C A L L  M P A H A T  ( A M A T ,  G L A T e C L O N  1 % P L O T 0 8 0  
I F (  I G I I P ) Z U O l ,  2 0 0 0 9  2 0 0 1  M P L O T O B I .  

2 0 0 0  C U N T  I N l J f  M P L D T 0 8 9  
CAL I .  MI 'TRAJ ( X r Y r Z . p  I X  ~ N P T t R A D I U S , I I T ( X X , Y Y , A M A T I  Y P L O T O B 3  
I t ( M T (  l l i - M T 1 2 ) - 2 1 8 8 8 ~  6 H 8 . 1 2 2  M P L O T O R 4  

8 8 8  P R I N T  8 8 9 1  G L A T ~ G L O N  MPLOTORL j  
8 8 9  f l l R M A i ( / / / / 3 7 t i  N O  P O I N T S  V I S I B L E  FROM V I E #  L A T I T l l [ ) E , F 7 . 2 t 3 0 H  D E G U E M P L O T O 8 6  

1 t S  I\I I IRTHv V I E W  L 0 N G I T l I D E * F H . 2 * 1 4 H  D E G R E E S  E A S T . / / / )  V P L  ClTOO7 
GO T O  R M P L O T 0 8 8  

1 2 2  C O N T I N U E  M P L O T 0 8 9  
C A L L  Y P S C A L  ( X X , Y Y , H T , R A N p A V X v A V Y  1 x l y A K q y M A 9 )  Y P L O T O O O  

2 0 0 1  C O N T I N U E  M P L O T 0 9 1  
110 5 0 1  K Z e =  I C O A ,  I O P T  M P L O T O 9 2  
I Z Z = 1  + I G U P  M P L O T 0 9 3  
0 0  9 d  K I J = 1 , 4  M P L O T 0 9 4  
R & G = R A N ( K I J  1 M P L O T 0 9 5  
H L = R A G / 6 4 .  M P L O T 0 9 6  
V L = t i L , * 1 . 5  M P L O T 0 9 7  
Z X X = X M A K / C P X * R A G  M P L U T 0 9 A  
Z Y B = Y M A R / C P Y * H A G  Y P L O T O 9 9  
I F ( K E Y I 1 0 ~ 1 1 r 1 0  ! 4 P L O T 1 0 0  

10 L Y T = L Y H - . 9 / 1 1 . * R A G  M P L O T l O l  
G t i  TO 1 2  M P L U T l O 2  

11 Z Y T = L Y B  Y P L O T 1 0 3  
1 2  C A L L  AUVFL.H I  I F R A M E )  Y P L O T 1 0 4  

C A L L  E X P L G T ( C P X t 4 8 t C P Y I  M P L O T 1 0 5  
C A L L  X S C A L V ( R A G 1  M P L O T l O 6  
C A L L  Y  S C A L V ( R A G 1  M P L O T l O l  
I F (  l G U P ) 2 0 0 4 ~ 2 0 0 5 ~  2 0 0 4  M P L O T l O U  

2 0 0 5  C O N r l N U E  M P L O T l 0 9  
C A L L  MPORAW ( X X v Y Y p M T .  I S E L I  M P L O T l l O  

2 0 0 4  C O N T I N U E  M P L O T l l l  
C A L L  MPHORZ ( C 3 N S T v  I Z Z q A V X t A V Y t Z Y T p Z Y R * Z X X )  M P L O T 1 1 2  

2 0 1  R A N ( K I J + l ) = C O N S T + R A G  H P L O T 1 1 3  
2 0 3  C O N T I N U E  M P L O T 1 1 4  

GO TO ( 5 9 9 , 5 9 8 l r K Z B  M P L O T l l 5  
5 9 9  C O N T I N U E  M P L O T l l b  

C A L L  H P G H I D  ( G L A T , G L O N , A V X v A V Y t A M A T e Z Y T *  L Y E  t L X X l  M P L O T l l 7  
C A L L  E X P H V Y I C P X I ~ ~ * C P Y I  M P L O T l l 7  
C A L L  M P L E T R  ( A M A T * A V X t A V Y v Z Y T . Z Y R t Z X X l  Y P L O T l l 8  
I F 1  I A X X - 4 1 5 9 7 .  3 4 5 7 ,  5 9 7  M P L O T 1 1 9  

3 4 5 7  C O N T I N U E  M P L O T l 2 0  
5 9 8  C O N T I N U E  M P L O T l 2 l  

I F  ( R A N ( K I J ) - 2 * 1 1 3 0 1 , 1 3 C l ,  1 4 0 1  Y P L O T 1 2 2  
1 3 0 1  C O N T I N U E  M P L O T 1 2 3  

C A L L  H P P O L E  ( A M A T ,  AVX. AVY q H L v V L . Z Y T * Z Y B * Z X X f  M P L O T 1 2 4  
1401 C O N T I N U E  M P L O T 1 2 5  

C A L L  MPSHOR ( L C O A S T r A M A T t A V X t A V Y v Z Y T t Z Y B r Z X X t R A G )  Y P L O T 1 2 6  
597 C O N T I N U E  M P L O T 1 2 7  

I F (  I X M A R l 2 0 t  2 1 1 2 1  Y P L O T l 2 8  
2 1  I F (  I Y M A R ) 2 0 t Z 2 ~ 2 2  Y P L O T 1 2 9  
2 2  C O N T I N U E  M P L O T 1 3 0  

C A L L  MPBORD I NXMAR, NYMAR J M P L O T 1 3 1  
20 C U N T I N U E  M P L O T 1 3 2  

I F ( ~ E Y ) 1 0 5 0 ~ 8 0 1 0 ~ 1 0 5 0  M P L O T 1 3 3  
1 0 5 0  C O N T I N U E  M P L O T l 3 4  

C A L L  M P T I T L  ( K E Y t T v N Y H A R )  Y P L O T 1 3 5  
8 0 1 0  C U N T I N U E  M P L O T 1 3 6  

GO T U  1 3 0 1 , 3 0 2 1 , I Z Z  M P L O T 1 3 7  
301 C O N T I N U E  M P L O T  1 3 8  
98 C O N T I N U E  M P L O T 1 3 9  

302 C O N T I N U E  M P L O T 1 4 0  
5 0 1  C O N T I N U E  H P L O T 1 4 1  

8  R E T U R N  M P L O T 1 4 2  
C 

8 0 0 8  T (  l ) = C O S ( G L A T ) * C O S (  O N )  
1 ( 2 ) = C U S ( G L A T ) * S I N ( G L O ! 4 )  
T ( 3 ) = S I N ( G L A T I  
X = A Y A T ( l ) * l ~ l l + A M A T ( 4 l * T l 2 ) + A M A T ( 7 ~ * T ( 3 1 - A V X  
Y = A H A T ( 2 J * T ( l )  + A M A T ( 5 1 * T I 2 l * A M A T 1 8 1 * T l 3 l - A V Y  
L = A M A T I 3 1 * T ( l ) + A M A T ~ 6 1 * T ( 2 1 + A M A T ( 9 1 * T t 3 1  
I F ( L J 8 6 6 5 r 8 6 6 5 ~ 8 0 2 0  

8 0 2 0  I F ( A B S 1 X ) - Z X X 1  8 0 2 1 q 8 6 0 5 9 8 6 6 5  
8 0 2 1  I F I Y - Z Y T  1 8 0 2 2 ,  8 6 6 5 9  8 6 6 5  
8 0 2 2  I F ( Y + Z Y U ) 8 6 6 5 v  8 6 7 0 .  8670 
8 6 6 5  2 - 0 .  

GO T n  8  
8 6 7 0  I X M A R = N X V (  X )  

I Y M A R = N Y V ( Y )  
GO T O  8  



CND 
T  S  J d T Y P t t F O R T H A N v L M A P t L S T I 1 A P  

S U H Y U J T  I N k  MPAMAT ( A ' 4 A T l G L  A 1 1  G L O N )  
U l M F h S I O N  A Y A T ( 1 1  
P L A T = C L A T / 5 7 . 2 9 5 7 8  
P L O N = G L O N / 5 7 . 2 9 5 7 8  
C L = C O S ( P L O N I  
S L = S I N (  P L O N I  
C P = C O S (  P L A T )  
b P = S I N ( P L A T I  
A M A T (  1 l = - S L  
AMAT ( 2  l = - C L * S P  
A M A T ( 3  l= C L * C P  
A N A T ( 4 l =  C L  
A M A T (  S ) = - S L * S P  
A M A T ( 6 1 =  S L * C P  
A Y A T ( 7 L =  0. 
A M A T ( 8 1 =  C P  
A H A T ( V I =  S P  
R E T U R N  
F N D  

T  S U B T Y P E , F O R T R A N v L M A P l L S T R A P  
S U b K U U T I N E  M P T K A J  I X ~ Y ~ Z I I X I N P T ~ H A O I U S ~ Y T , X X ~ Y Y ~ A M A T )  
O I M E N S I U N  X X ( l I q Y Y (  1 )  
D I M E N S I O N  M T ( l I r A M A T l l ) , V T ( 3 )  
D I Y k N S I U N  X ( l ) ~ Y I l I ~ Z 1 1 )  
I D = N P T / 1 0 0  
I F (  I D 1  1 0 1 1  1 0 1 , 1 0 2  ' 

101 N T U T = N P T  
I DX= I X  
GO TO 1 0 3  

1 0 2  I I = N P T - 1 0 0 * 1 0  
If-( 1 1 - I U I 1 0 4 , 1 0 4 1 1 0 5  

1 0 4  N T O T = 1 0 0  
G f l  TO 1 0 6  

l ( 1 5  I O = I O + l  
N T C T = Y P T /  I D  

106 I D X = I D * I X  
1 0 3  C O N T I N U E  

l B I I = O  
I ) O 1 5 1 € = 1 1 2  
J B I L = I B I 7 + 1  
J K K = ( I E - 1 1 * 2 0 0  
L  = 0  
% M = - 1  
00 1 1 6  I G = J B I Z s N T O T  
I B I Z = I G  
J O E X = 3 2 7 6 9 - (  I G - l I * I D X  
L L = - M M  
V T ( l ) = A M A T I  l ) * X ( J D E X ) + A M A T I 4 t * Y l J D E Y ) + A M A T ( 7 l * Z l J D E X ~  
V T ( L ) = A M A T ( 2 l * X (  J D E X ) + A M A T (  5 1 * Y (  J O E X l + A M A T (  8 ) * Z ( J O E X l  
V T 1 3 1 = A M A T ( 3 l * X t  J O E X I  + A M A T ( 6 l * Y l  J D E X I + A M A T ( 9 )  * Z ( J D E X )  
V T ( l l = V T (  l ) / R A D I U S  
V T ( Z l = V T (  2 ) / R A D I U S  
V T ( 3 ) = V T ( 3 ) / R A D I U S  
I F ( V T ( 3 I ) l 6 r 1 7 , 1 7  

1 7  L = L + Z  
J J J = J K K + L - 1  
X X I  JJJ l = V T (  1) 
Y Y ( J J J I = V T ( 2 1  
GO T O  1 8  

16 S I Z =  V T (  l I * V T (  l I + V T 1 2 l * V T I 2 )  
1 F ( S 1 Z - 1 . 1 2 2 1 2 0 , 2 0  

20 L = L + 2  
J J J = J K K + L - 1  
X X I  J J J l = V T (  1 1  
Y Y (  J J J ) = V T ( 2 l  
S I Z = S O K T (  S I Z )  

2 1  C O N T I N U E  
J J J = J K K + L  
X X (  J J J I = V T (  l ) / S I Z  
Y Y ( J J J l = V T ( 2 ) / S I Z  
GO TO 19 

1 8  S I Z = S Q K T ( V T ( l ) * V T t l ) + V T ( 2 1 * V T ( 2 ) + V T ( 3 ) * V T t 3 ) )  
GO T O  2 1  

19 MM=1 
GO TO 116 

22 MM=-1 
I F ( L L + M M I 2 4 e 1 1 6 ~ 1 1 6  

116 C O N T I N U E  
2 4  M T l I E ) = L  

I F ( ~ T O T - I ~ l Z ) l l R ~ l l ~ ~ l l 9  
1 1 8  C O N T I N U E  

I F 1  l € - l l 1 2 0 t 1 2 0 ~ 1 1 9  
1 2 0  H T ( Z I = O  

GO 10 1 2 1  
119 CUNT ( N U E  
15 C n N T l N U E  

1 2 1  C O N T I N U E  
A E T U R Y  

Y P L O T l b 7  
Y P L O T l b R  
M P L D T  l 6 9  
M P L O T l 7 O  
Y P L O T 1 7 1  
M P L O T 1 7 2  
Y P L O T 1 7 3  
M P L O T  1 7 4  
M P C O T 1 7 5  
M P L O T 1 7 6  
Y P L O T  1 7 7  
Y P L O T 1 7 R  
M P L O T 1 7 9  
Y P L O T l R O  
Y P L O T 1 8 1  
M P L O T 1 8 2  
Y P L O T 1 8 3  
M P L O T l R 4  
M P L O T 1 8 5  
M P L O T 1 8 6  
M P L O T 1 8 7  
M P L O T 1 8 R  
M P L O T 1 8 9  
M P L O T 1 9 0  
M P L C T 1 9 1  
M P L O T 1 9 2  
M P L O T l 9 3  
M P L O T 1 9 4  
M P L O T 1 9 5  
Y P L O T 1 9 6  
* P L O T l Q 7  
W P L O T l Q P  
M P L O T l Q 9  
M P L U T Z O O  
M P L O T 2 O l  
M P L O T Z O 2  
# P L O T 2 0 3  
Y P L O T 2 0 4  
Y P L O T 2 0 5  
M P L O T Z O 6  
M P L O T 2 0 7  
M P L O T Z O B  
M P L O T 2 0 9  
M P L O T Z l O  
M P L O T 2 1 1  
M P L O T 2 1 2  
M P L O T 2 1 3  
Y P L O T 2 1 4  
M P L O T 2 1 5  
Y P L O T 2 1 6  
M P L O T 2 1 7  
M P L O T 2 1 8  
M P L O T 2 1 9  
Y P L D T 2 2 0  
M P L O T 2 2 1  
M P L O T 2 2 2  
M P L O T 2 2 3  
Y P L O T 2 2 4  
M P L O T 2 2 5  
Y P L O T 2 2 h  
M P L O T 2 2 7  
M P L O T 2 2 A  
M P L O T 2 2 9  
M P L O T 2 3 0  
M P L O T 2 3 1  
M P C O T 2 3 2  
Y P L O T 2 3 3  
M P L O T 2 3 4  



F N  IJ 
T  SU[j1YPE1Flll<TI<ANI L.MAP,l. S lRAP 

SUI$ROIJTINE HPSCAL I XXIYY,MTIRAN,AVXrAVY, XNAR, YYAIO 
OIYTN5ION X X ( 1 1  ,YY( l I r M T (  l ) r l t A N ( l l  
CALL FMXMN ( & A i Z A , X X (  l l , M T (  1 1  I 
CALL FYXMN ( ACqZCqYYl l I r M T 1  1 )  l 
1 F ( M T (  Z l l 1 2 3 ~ l Z 3 r 1 2 4  

1 2 3  L I ~ = L A  
Z U = Z C  
AB=AA 
AU=AC 
(;l1 11.1 1 2 5  

1 2 4  GALL FMXMN (Af1,i 'HvXX( 2 0 1 1  qMT( 2 )  l 
CnLL  FMXMN ( A 0 r Z U i Y Y i  2 O l l r Y T (  2 1 )  

1 2 5  RANX=AMAXl( AA, A L i ) - A M I N l I I A t Z f l l  
k A N Y - A Y A X l l  AC, A o l - A M I N l ( Z C , Z D )  
A V X = ( A M A X I I A A ~ A B I + A M I N ~ ~ Z A P Z B ~ I / Z .  
A V Y ~ ( A M A X l ( A C , A D ) + A H I N l ( Z C v L D ) J / 2 .  
HFX=RANX/XMAR 
RLY=HANY/YPAR 
k 4 Y 1  l ) = A M A X l I  REX,RtY I * .55*512 .  
011 1 9 3  I = l r 4 0 0  
X X ( I I = X X (  1 ) - A V X  

1 9 3  Y Y ( I ) = Y Y (  1) -AVY 
RETORN 
t Y 0  

T  S U d T Y P E , F U R T R A N , L H A P , L S T R 4 P  
SUHRLIUT I N E  MPORAW (XX rYY,MT,I SEL 1 
UlMFNSlUN X X ( l I r Y Y I 1 )  1HTI  1 1  
0 0 Y h J K 1 = 1 , 2  
I F I M T I  J K 1 ) - 2 ) 9 6 , 9 6 , 9 7  

9 7  KK=WT( J K I  ) / 2 - 1  
LNK=ZUO*( JK 1-1 ) + l  
CALL DHAWV l K K , l r X X ( L N K I , - 2 , Y Y l L N K l  v - 2 l  
CALL ORAWV ( K K , I . t X X I L N K + l ~ i - 2 ~ Y Y ( L N K * 1 I i - Z l  
I F (  I S E L ) 9 5 , 9 5 , 9 4  

9 4  CON1 INUE 
K < = K K t l  
CALL DdAdV ( K K ~ 0 ~ X X ( L N K l , - l , Y Y I L N K I ~ - l )  

9 5  Cl rNTlNUE 
96 C ~ ~ I N U E  

RETUf<N 
fi N  D  

T  SlJBTYPt iFOKTHAN,LHAPtL STRAP 
SUURUUT INE MPHURZ. (CONST, I Z Z r  AVXeAVYrZYTrZYYr  ZXXI  
D IPENSION X D ( l R l I , Y D (  1 8 1 ) e X P & (  2 ) , Y P R ( 2 1  
U 0  3U l = 1 ~ 3 6 1 , 2  
ANG-FLOAT ( 1 1 /57 .29578  
J =  I / L + 1  
XC( J I = C U S ( A N b l - A V X  
YO( J ) = S l N ( A N G ) - A V Y  

30 CONTINUE 
LNUY.2 
L T O T = J  
DU 9 3  1 = 1 , 1 8 1  
I F ( A t 3 S ( X D (  l ) l - Z X X l 9 2 ~ 9 2 ~ 9 1  

9 2  Y Z l P = Y D (  I 1  
I F ( Y Z I P + Z Y B 1 9 1 ~ 1 0 9 1 ~ 1 0 9 1  

I d 9 1  I F I Y L I P - Z Y T I Y 0 , 9 1 , 9 1  
9 0  XPR I LNUMI =XDl  I l 

YPK(LNUMI=YO( I l 
LhUM=LNUM-1 
l F ( L N U M 1 8 7 i 8 7 1  93 

8 7  W l X = N X V ( X V H ( l I l  
N lY=NYV(YYR(  I . )  l 
IdLX=NXV(XPR(21 1 
N 2 Y = N Y V ( Y P H ( 2 )  l 
CALL VtCTUR(NlX,NlY,NZX,N2Y) 
L T O T = L T U T + l  
L hUM= l 
X P R l L ) = X P R (  1 1  
Y P R I Z I = Y P H I  1 1  
GO TO 9 3  

9 1  LAUM=2 
9 3  CUNl INUE 

l F ( L T 0 T - 3 1 1  7 4 1 ~ 7 4 8 ,  7 4 8  
7 4 8  I F ( L T1)T-6 1 )  742 , 7 4 9 1  7 4 9  
7 4 9  I F ( L T O T - 1 2 1 I 7 4 3 e 2 0 2 ~ 2 0 2  
7 4 1  CUN5T=3. 

GO TO 2 0 1  
7 4 2  CUNST=Z. 

t i i J  T l l  2 0 1  
7 4 3  CONST=l.!i ' 

GO TO 2 0 1  
L 0 2  I L Z = 2  
2 0 1  CDNT I N U f  

RETURN 
END 

SURTYPEe FONTRAN1 LMAP,I. STRAP 
SOHHOUTINE MPCRID I G1 ATrGLIIN'v AVX, AVYrAMATvZYT ( Z Y B t  LXX) 

YPLTIT230 
YPLUT239 
MPLrlTZ'tO 
MPI. tlT 2 4  I 
YPLtlTZ't? 
MPLOTZ43 
MPLOT7.44 
MPLClT245 
UPLOT246 
MPLllT7.47 
MPLOT24D 
MPLOT249 
MPLOT250 
YPLOT251 
MPLOT752 
MPL01253  
MPLOT254 
MPLI lT255 
MPLI)T256 
YPLOT257 
YPLOT25R 
VPLOT25Q 
NPLOT3hO 
MPLOT261 



t )LKtkSIT1N AMATI l l , X P I ( ( ? t , Y P Y I  ? ) t V T (  3 )  1PV( 3 )  
VLA l= ( ;LAT  
VLUhzGLIJN 
I F ( V L U N ) l O d l ~  1 0 0 2 , 1 0 0 2  

l u U l  VLUN-36U. +VLUN 
1 0 0 2  CUNT IYUL  

PMUL=-> IGN(  1. VLAT J 
114111.=( A t lU . -4HSIVLAT l )  / ? .+ l .  
I f ' (  I M U L - d b ) c ~ l O O t  C 1 0 1 ~ 6 1 C l  

6 1 0 0  INIlL:5 
GU l 1 1  s l ' J l  

6 1 U l  I N l lL r lMOC-A1  
b L O Z  CLI:41 INUE 

PLON-0. 
O L A r =  2 . / 5 7 . 2 9 5 7 8  
OL lJN= ld . /57 .29578  
DUH5 I = 1 3 6  
Ik(FL~ATI(I-11/9l-FLLlAT(I-lt/9.)83~tl4,84 

H 3  PLAT=-H0./57.2957R+PMUL 
IZL= IP l I JL - INUL 
G O  I'il H 2  

R4 PLAT=-90.  /57 .79578*P%UL 
I Z L - I M U L  

8 %  LI:JNT INUE 
L  hUM=2 
C C 1  =COS( PLDNI 
SOL=S l  fU( PLON) 
0 0 8 1 J = 1 ,  I Z L  
COP=COS( P L A T )  
S tJP=SIN(PLAT)  
VT ( 1  l =COP*COL 
V T I  ?)=COP*SUL 
V T ( 3 ) = S U P  
P V I l ) = A M A T (  1 ) * V T (  1 1 t A M A T ( 4 l * V T ( 2 l + A Y A T ( 7 ~ * V T ( 3 )  
P V ( 2 ) = A M A T I Z ) + V T (  l ) t A M A T (  5 I * V T ( 2 l + A Y A T ( R l * V T ( 3 J  
P V ( 3 l = A M A T ( 3 l * V T (  l ) + A M A T I 6 ) * V T I 2 l + A M A T ( 9 l * V T t  31 
I F ( P V (  31- .05)80,80q 7 9  

1 0  LNUM=2 
GO T l l  8 1  

7 9  X P O = P V ( l ) - A V X  
l F ( A B S l k P i 3 ) - Z X X J 7 6 r  7 6 9 8 0  

7 6  Y  PO=PV( 2) -AVY 
I t ( Y p O * Z Y H ) 8 0 ,  1 0 9 2 9  1 0 9 2  

1 0 9 2  I F ( Y P O - Z Y T l 7 4 r 8 0 , 8 0  
7 4  XPH(LhuM)=XPU 

YPK(LNUM)=YPO 
LNUM-LNUM-1 
I F ( L N U M l t i l r 7 5 0 ~ 8 1  

7 8 0  h l X = N X V ( X P H ( l )  ) 
K l Y = N Y V ( Y P K ( l I  1 
N.?X= i iXV(XPK(21  1 
S.?Y=NYV(YPR(Zl  l 
CALL V f C T D R ( N l X , N l Y  pNZX9N2Y l 
L  hUM= 1 
% P R ( Z ) = X P R I  1 1  
Y P U ( Z l = Y P d (  1 1  

b l  PLAT=PLAT+OLAT*PMUL 
72  PLOk=PLUN+DLIIN 
85 C U N T l N U t  

PLAT=-80 . /57 .29578  
DELAT=10. /57.2957R 
o n 7 0 1 = 1 , 1 7  
l r ( I - j ) 6 Y 1 6 8 , 5 0  

50 l F ( I - 6 ) 6 8 , 6 7 ~ 5 1  
5 1  I F (  I - 1 3 ) 6 7 , 6 8 , 5 2  
52 I F 1  1 - 1 6 ) 6 8 , 6 9 ,  6 9  
6 9  DLON=10. /57.29578 

]NUM-37 
Gn TO 6 6  

6 8  DLUN=5. /57.29578 
INUM-73  
G O  TO 6 6  

6 7  I )LUN=2. /57.29578 
l hUM=181  

6 6  CUP=CUS(PLATI  
S U P = S I N ( P L A T )  

LPrUY=2 
PLUN=O. 
D C 6 5 J f l  l l NUM 
CCL=COS( PLONl  
S l?L=SIN(  PLUN) 
VT ( 1  1=COP*COL 
VT(  2I=COP*SOL 
V T (  3J=SOP 
P V l l ) = A M A T ( l l * V T {  l ) + A M A r ( 4 ) * V T t 2 ) + A M A T ( 7 l * V T ( 3 l  
PV(  21=AMAT( 21*VT(  1 )  t A P A T (  5 ) o V T (  2 l + f i Y A T (  81 * V T ( 3 l  
PV(  3 ) z A M A T l  3 ) * V T (  1 )+AMAT( 6 ) * V T ( Y ~  *VT{  31 
I F ( Y V (  3 l ) b 4 e 6 4 , 6 3  

6 4  LQUM=Z 
GtJ TCI h 5  

YPLOT3?Q 
MPLOT 3 1 0  
VPLCT?31  
MPL.OTl37 
MPLOT333 
Y p L i l T 3 3 4  
Y P L O T ~ 3 5  
V P L @ T 3 3 6  
~ p ~ n 1 . 3 3 7  
MPLOT338 
MPLOT339 
YPL nT X40 
YPLOT341  
MPLOT 3 4 2  
MPL UT 3 4  3  
YPLCT344  
MPLOT345 
MPL OT 3 4 6  
MPLOT347 
YPLOT348  
MPLOT34Q 
Y P L O T ~ ~ O  
MPLDT351 
MPLI1T 3 5 2  
MPLOT357 
YPLOT354  
YPLOT35' i  
Y P L Q T 3 5 h  
MPLOT357 
MPLOT 3 5 3  
MPLOT 3 5 9  
YPLOT3b0 
M P L O T 3 h l  
YPLCT362  
YPLOT3h?  
HPLOT3h4  
MPLUT365 
MPLOT766 
YPLOT367  
MPLDT 3 6 8  
MPLUT-560 
MPLOT370 
YPLOT 37 1 
MPLOT372 
MPLOT373 
MPLOT374 
MPLOT375 
YPLOT37h  
MPLnT377  
M P L n T 7 7 8  
YPLOT?79 
YPLOT383 
YPLOT391  
MPLOT3RZ 
MPLDT383 
YPLOT3G4 
MPLOT335 
YPLOT3Rh 
*PLOT387  
MPLOT398 
MPLUT389 
MPLOT399 
M P L 0 1 3 9 1  
MPL DT 39 2 
YPLOT393  
MPLOT374 
MPLOT3Q5 
MPLOT3Qh 
YPL UT 3 9 7  
r P L c f  3 9 8  
MPLOT 3 9 9  
YPLOT400  
uPLOT4 i ) l  
MPLCIT402 
MPLOT403 
YPLCTbO4 
MPLOT405 
YPLOT406  
MPLOT407 
MPCOT40R 
r P L O T 4 0 Q  
Y P L P T 4 1 0  
M P L O T 4 l l  
YPLUTL12  
YPLOT413 
MPLOT414 
MPLOT415 
M P L O T 4 l b  
YPLDT417  
MPLOT41H 



- .  

I t ( L N U M ) 6 5 , 7 5 1 , 6 5  
7 5 1  N l X = N X V I X P R ( l ) )  

N lY=NYV(YPR(  1 )  ) 
N?X--NXV(Xf 'R l2)  l 
N2Y=NYV(YPK(Z)  ) 
CALL V t C T O R ( N l X c N 1 Y  ,N2XrNZY) 
LNUM=l  
X P H I Z ) = X P R ( l J  
Y P K ( 2 ) = Y P R (  1) 

6 5  PLUN=PLUNtDL ON 
5 7  PLAT=PL ATeDELAT 
7 0  CONTINUE 

RtTURN 
END 

T S U U T Y P t * F O K T H A N , L M A P * L S T R A P  
SUDRLIUTINF HPLETK ( h M A T . A V X o h V Y * L Y T ~ Z Y B , Z X X )  
D1Mf.NSION X Z I t  3 6 ) ~ Y L 1 l 3 6 l r A M A 1 ~ 1 l ~ P V f 3 l ~ V T ~ 3 )  
DIMENSION WWWX( 5 )  
DATA ( \ J I J W X (  1 ) s  1x1,  S ) (  40HG E I U E Q 
DLAT=30 . /57 .295?8  
D 0 5 5 I = l , * ,  
FCT=( 1 - 1 1  
PLUN=FCT*90. /57.29578 
PLAT=-75. / 5 7 . 2 9 5 7 8  
CCL=COS( PLON) 
SOL-S1 N( PLONI 
D04VJ=  11 6 
KK=b* (  I - 1 1 t J  
V T (  l I = C O S (  PLAT J*COL 
VT(  2 )=CUS(  PLAT )*SOL 
V T ( 3 J = S I N ( P L A T I  
P V ~ 1 l - A M A T ( 1 ) * V l ( 1 l + A M A T ( 4 ) * V T ~ 2 l + A M A T ~ 7 ~ * V T ~ 3 ~  
PV(2J=hMAT(  2 ) * V T (  1 )  +AMAT( 5 ) t V T f  2 )+AMAT(B) *VT4  3 )  
P V ( 3 ) = A H A T ( 3 ) * V T (  11+AMAT( 6 ) * V T f Z l + A M A T ( 9 ) * V T ( 3 )  
I F l P V (  3 ) - e 1 1 4 6 . 4 6 . 4 7  

4 6  ~7 I 1 ~ ~ ) = 1 0 0 0 .  
38 CONTINUF 

PLAT=PLATtDLAT 
4 9  CONTINUk 
5 5  CUNTINUE 

PLCN=15./57.29578 
D O 3 6 J = 1 * 1 2  
KK=24+J  
V T ( l ) = C O S ( P L O N )  
V T ( Z I = S I N (  PLON) 
VT(  3 ) = 0 .  
P V ( l I = A M A T ( l l * V T (  l l + A M A T ( 4 1 * V T ~ 2 ~ + A M A 1 ~ 7 ) * V T ( 3 ~  
P V ( 2 ) = A M A T ~ 2 ) * V T ( 1 l + A M A ~ ~ 5 l * V T ( 2 l + A M A T ~ 8 ~ * V T ~ 3 l  
P V f 3 ) = A M A T (  3 ) * V l (  l l + A M A T ( 6 1 * V T f 2 I + A M A T ( 9 ) * V T ( 3 )  
1 F ( P V 1 3 1 - . 1 ) 1 3 6 ~ 1 3 6 ( 3 5  

1 3 6  XZ I ( K K l = 1 0 0 0 .  
GO T O  3 6  

3 5  XL1  ( K K ) = P V (  11-AVX 
Y Z [ ( K K ) = P V ( Z ) - A V Y  

3 6  PLOh=PLON+DLAT 
0 0 8 0 1 1 = l r  5  
If-( 1 - 5 1 9 0 1 r 9 0 2 r 9 0 2  

9 0 1  L T X = 6  
GO TO 9 0 3  

9 0 2  L T X - 1 2  
9 0 3  D n B 0 2 J = l * L T X  

KK=6*(  I - L J t J  
I F(ABS1XZ I( KK I I-ZXX 1803, 8 0 4 ~ 8 0 4  

8 0 3  Y Z I P = Y Z I ( K K )  
1 F ( Y Z I P + Z Y B 1 8 0 4 * 8 0 4 ~ 8 1 6  

8 1 6  I F I Y Z I P - Z Y T ) 8 0 5 * 8 0 4 , 8 0 4  
8 0 5  CONTINUE 

4 2  N X = N X V ( X Z I ( K K )  I 
N Y = N Y V ( Y Z I ( K K ) )  
CALL T S P I  NX-89 481NY)  
CALL HORAMI WWWX( I l* 21 
CALL STPTYP 

8 0 6  CONT LNUE 
8 0 4  CON1 INUE 
8 0 2  CONTINUE 
8 0 1  CONTINUE 

RETURN 
END 

T SUHTYPE* FORTRAN,LMAP(LSTRAP 

MPLOT427 
MPLOT428 
MPLOT 4 2 9  
MPLOT430 
MPLOT431 
MPLOT432 
MPLOT433 
MPLOT434 
MPLOT435 
MPLOT436 
HPLOT437 
MPLOT43R 
MPLOT439 
MPLOT44O 

M P L 0 1 4 4 3  
MPLOT444 
#PLOT445 

l MPLOT446 
MPLOT450 
MPLOT451 
YPLOT45.2 
UPLOT453 
MPLOT454 
MPLOT455 
UPLOT456 
MPLOT457 
MPLOT458 
MPLOT459 
MPLOT460 
MPLOT461 
MPLOT 4 6 2  
MPLOT46 3 
YPLOT464  
MPLOT465 
MPLOT466 
M P L O i 4 6 7  
MPLOT468 
UPLOT469 
MPLOT470 
MPLOT471 
MPLOT472 
MPLOT473 
MPLOT474 
MPLOT475 
MPLOT476 
WPLOT477 
41PLOT478 
MPLOT479 
MPLOT480 
MPCOT48 1 
MPLOT482 
MPLOT483 
WPLOT484 
MPLOT485 
MPLOT486 
MPLOT487 
MPLOT488  
HPLOT489  
MPLOT490 
MPLOT49 1 
NPLOT492  
WPLOT493 
*PLOT494 
HPLOT49 5 
MPLOT496 
MPLOT497 
HPLOT498 
MPLOT499 
MPLOT500 
MPLOT501  
MPLOT502 
MPLOT 5 0 3  
MPLOT504 
MPLOT505 
NPLOT508  
MPLOT509 
MPLOT510 
MPLOT511 
HPLOT512 
MPLOT 5 1 3  



S U t i ( c l 1 ~ l T l N E  MPt1 I3Lk  ~ A Y A T ~ A V X t A V Y t H L r V I . ~ I Y T i Z Y H i I X X I  
i ) l M E Y S I O N  A Y A I  ( 1 )  
Y P U = 5 I G N (  1 . , A p 8 A T ( 9 )  ) * A M A T ( O l - A V Y  V P L O T S l V  
K P J = - A V X  Y P I . O T 5 1 9  
I F l A e S ( X P U l - ( L X h - 4 . Q H L  ) )1 :3 .30 ,  1 3 3 0 , 1 4 0 1  Y P L l ! r 5 2 0  

1 3 3 0  I F ( Y P U t L Y 6 - 1 . 6 * V L l  1 4 0 1 , 1 3 3 3 1  1 3 3 3  M P L O T c ) Z 1  
1 3 3 3  I F ( Y P 0 - l Y T + 1 . 6 * V L  J 1 3 3 2 , 1 3 3 2 t 1 4 0 1  Y P L O 1 5 2 2  
1 3 3 2  P C X = X P U - 3 . * H L  Y P L  (.IT 5 7  3  

PUY = Y  P U t V L  Y P L O T 5 2 4  
N X = N X V (  P O X 1  Y P L ~ T ~ Z ~  
N Y = N Y V (  P(1Y) Y P L O T 5 2 h  
C A L L  T S P ( N X 7 4 H q N Y )  U P L O T 5 2 7  
I F ( A M A T ( 9 ) l  1 4 0 0 1 1 4 0 1 , 1 4 0 2  M P L I ) T S Z R  

1 4 0 ~  C A L L  C 4 0 2 0 H  Y P L O T 5 2 9  
P R I N T  l M P L O T 5 2 Y  

l FCIKMAT l S H S O U T H  1 Y P L O ~ ~ ~ S  
G(! TO 1 4 1 1  Y P L C T 5 3 0  

l4J.2 C A L L  C 4 U Z b H  Y P L O T 5 3 1  
2 M P L O T 5 3 1  

2  F O H M A T I  5 H N O k T l i  l M P L O T 5 3 1  
1 4 1 1  P U X = X P U - 2 . 5 * H C  M P L O T 5 3 2  

P C Y = Y P O - V L  Y P L O T 5 3 7  
N X = N X V  ( P O X 1  Y P L O T 5 3 4  
N Y = N Y V (  POY l Y P L 0 1 5 3 5  
C A L L  T S P ( N X , 4 8 q t i Y )  Y P L O T 5 3 6  
C A L L  C 4 0 2 0 H  # P L I I T 5 3 t ,  
P R I h T  3  M P 1  OT 5  3 6  

3 F O R M A T ( 5 H P U L F  ) w P L O T 5 3 6  
1 4 0 1  C O N T  I Y U E  M P L O T 5 3 7  

C A L L  T S P (  4 ,  3 8 ,  1 0 1 5 1  M P L r J T 5 3 7  
C A L L  C 4 0 2 0 H  M P L O T 5 3 7  
P H I Y T  4  Y P L r l T 5 3 7  

4 F O R M A T  ( M P l . O T 5 3 7  
1 1 2  7 H K T H C ) G K A P H I  C  P R O J E C T I O N  Y P L O T 5 3 7  
2  I L L U S I O N  OF O E P T l  A N D  P E R S P E C T I V E )  U P L O T 5 3 7  

C A L L  S T P T Y P  Y P L O T 5 3 7  
RETUCIN M P L O T 5 3 Q  
CNLI M P L O T 5 3 Q  

T  S U H T Y V E ,  F O R T R A N ,  L M A P i L  S T R A P  
S U B R O U T I N E  MPSHOR I L C O A S T ,  AMAT,AVX,AVY,ZYT,  Z Y B ,  Z X X , R A G I  Y P L O T 5 4 2  
U I M E Y S I O N  X P R I  2 1  i Y P R (  2 1  Y P L O T 5 4 3  
C U M Y U N  / S H O R E S /  N C O A S T ,  C L A T ( R 3 3 8 l  i C L O N G ( R 3 3 8 1  1 N C I N D  
D I M E N S I O N  A M A T ( l ) r P V ( 3 1 ~ V ( 3 1  Y P L O T 5 4 5  
D A T A  0 T O e I  0.0 1 7 4 5 3 2 9 3 3  
! W A G = (  R A G /  1 7 0 .  1 l * * 2  M P L O T 5 4 6  
I F ( N C I N D ) 3 3 0 , 3 3 3 , 3 3 0  M P L O T 5 4 7  

3 3 0  R E A D  ( L C O A S T I  N C O A S T i l C L A T I  J l  t C L O N G ( J l i J = l r N C U A S T l  U P L O T 5 4 9  
N C I N D  = 0 Y P C O T 5 4 9  

3 3 3  LI \LJM=2 Y P L O T S S O  
DO 6 0 2  J = l , N C U A S T  M P L n T 5 5 1  
V (  l l - C U S I C L A T I  J I * D T O R ) * C O S I C L O N G (  J ) * D T O R 1  Y P C O T 5 5 2  
V ( L I = C U S ( C L A T (  J I * D T O K l * S I N ( C L O N G i  J ) * D T O K I  Y P L O T 5 5 2  
V ( 3 ) = S l N ( C L A T (  J ) * D T O R )  Y P L l l T 5 5 2  
I F ( V (  2 ) ) 6 6 4 i 6 6 3 * 6 6 4  Y  P L  U T  5  5 3 

6 6 3  I F ( V (  3 1  1 6 6 4 , 6 6 5 , 6 6 4  Y P L O T 5 5 4  
6 6 5  L N O M - 2  M P L O T 5 5 5  

GU T O  6 0 2  YPLClT 556 
664 P V ( l I = V ( 1 ) * A M A T l ~ ~ + V ( 2 l * A M A T ( 4 1 + V ~ 3 I * A M A T ~ 7 l - A V X  Y P L C T 5 5 7  

P V ( 2 l = V (  1 ) * A M A T (  2 l + V t  Z ) * A M A f (  5 l * V i 3 1 * A M A T ( 8 1 - A V Y  Y P L O T 5 5 8  
P V ( 3 ) = V ( l l * A M A T ( 3 l + V (  2 ) * A M A T (  6)+V(3)cbM4Tf9)  M p L O T 5 5 9  
I F I P V I  3 ) ) 6 6 5 1 6 6 5 t 2 0  U P L O T 5 6 0  

2 0  I t ( A B S ( P V (  1) ) - Z X X l 2 1 i 6 6 5 i 6 6 5  Y P L O T 5 6 1  
2 1  I F ( P V (  Z I - Z Y T ) 2 2 , 6 6 5 , 6 6 5  MDL O f  5 6  - 
2 2  I F  ( P V I  2 l + L Y B ) 6 6 5 ~ 6 6 6 r 6 6 6  Y P L O T 5 6 3  

6 6 6  I F ( C N U M - 2 ) 6 b 7 ~ 6 6 8 , 6 6 7  H P L C T 5 6 4  
6 6 7  I F ( ( X P R ( 2 1 - P V (  1)  l * * 2 t I Y P R ( 2 l - P V l 2 I  l * * 2 - B R A G 1 6 0 2 , h O Z g 6 b 8  M P L O T 5 6 5  
6 6 8  X P H I  L N U M )  = P V (  1 l M P L O r 5 6 6  

Y P K ( L N U M 1  = P V ( 2 )  M P L O T 5 6 7  
L N U M z L N U M - 1  MPL OT 5 6  R 
I F ( L N U M ) 6 0 2 r 6 7 C ~ 6 0 2  Y P L O T 5 6 9  

6 7 0 .  N l X = N X V ( X P H (  1 1  1  M P L D T 5 7 0  
N l Y = Y Y V ( Y P R ( l l  I MPL OT 5 7  1 
Y Z X = N X V I X P R ( Z )  J Y P L O ~ ~ ? ~  
N Z Y = N Y V ( Y P R ( Z )  * P L O T 5 7 3  
C A L L  V E C T O R ( k l X q N 1 Y  i Y Z X , N Z Y I  M P L O T 5 7 4  
L N U M = l  M P L O T 5 7 5  
X P R ( 2 l = X P H (  1 1  Y P L O T 5 7 6  
Y P R I Z I - Y P R L  l )  W P L O T 5 7 7  

6 0 2  C O N T l N U E  Y P L O T 5 7 8  
R E T U R N  M P L D T 5 8 1  
E N D  M P L O T 5 9 ?  

T S U B T Y P E ,  F O R T R A N i L H A P i L S T R A P  
S U B R O U T I N E  M P T I T L  [ K E Y i T i N Y M A H I  M P L U T S R 5  
U I M E N S I O N  T I l 1  U P L O T 5 8 5  
N N X . 5 1 2 - 3 2 * K f Y  Y P L O T 5 9 7  
N N Y - Q Y M A H t 2 4  Y P L O T S A S  
C A L L  T S P I  N N X , 4 R , N N Y )  M P L O T 5 8 9  
DO 10 l = l t K E Y  M P L O T S A 9  
C A L L  H O H A M l  T (  I l, 8 I  Y P L O T 5 9 Q  

10 CIJNT I N U E  Y P L O T 5 8 9  



.,U L"  .-..L 

C A L L  V E C T U R ( N X N A R t N Y M A R e I 4 X W A R )  
C P L C  V F C T O H I N X W A R ~ M Y M A H I H X 1 4 A R )  
C A L L  V E C T O R ~ M X H A R , M Y M A H I H X I ~ I A I ~ ~ N Y M A R I  
C A L L  V E C T O R ( ~ X ~ A R I M Y M ~ R ~ N X N C I K ~ N Y M A R ~  

1 0  CONT I N l J f :  
R E T U R N  
C N D  

T S U E T Y P E I F O H T R A N I L M A P , L S ~ R A P  
S U U R O U T I N E  F H K N N  I A v L . X v N I  
D l M E N S I U N  X ( 1 )  
A = X ( l l  
z = x ( l I  
D O l O I = l v N  
I T ( A - X ( I 1 1 1 I v l 0 ~ 1 2  

11 A = X l I )  
GO TO i o  

1 %  f F ( L - X ( 1 1 1 l O t l O t 1 3  
1 3  Z = X (  I 1  
1 0  C U N T  I N U E  

R E T U R N  
E N D  

T S U B T Y P E ,  F O R T R A N ,  L M A P T L S T R A P  
S U b R O U T I N E  D K A U V  ( K t L s X t  I X v Y e  I Y I  

C *** K = NUMEER O F  V E C T O R S  TIt  BE DRAWN. 
C *** L = A N  O P T I O N .  I F  
C L = 0, E V E R Y  O T H E R  P O I N T  U l L L  B E  J O I N E D  B Y  A L I N E .  
C *** X = L O C A T I O N  O F  F I R S T  X - C Q O R O I N A T E .  
C *** I X  = N U M B E R  O F  C E L L S  TO C O U N T  TO G E T  TO N E X T  X - L O C A T I O N .  
C *** Y = S I M I L A R  TO X 
C *** I Y  = S I M I L A R  T O  I X  

D I M E N S I O N  X ( 1 ) r Y l l )  
I F I K )  111 1 1 ~ 1 2  

1 2  M = I A B S ( L - 2 1  
N = M * K  
D O  1 0  I = l r N , M  
J X z 3 2 7 6 9 - 1 1 - 1 1  * I X  
J Y = 3 2 7 6 9 - l  I - l l * I Y  
K X = J X - I X  
K Y = J Y -  I Y  
N X = N X V ( X (  J X 1 I  
M X = N X V ( X I K X ) )  
N Y = N Y V l Y l  J Y I )  
M Y = N Y V t Y ( K Y ) )  

1 0  C A L L  V E C T O R I N X t N Y e M X v M Y I  
11 R E T U R N  

E N D  
T S U B T Y P E , F O R T R A N , L M A P , L S T R A P  

F U N C T I O N  N X V (  X 1  
COMMON / S C O M O N /  I F R A M E v  N C O P Y t C P X t C P Y  vRADq S C F X v  S C F Y  
N X V = C P X t X * S C F X  
R E T U R N  
E N D  

T S U B T Y P E t F O R T R A N v L M A P v L S T R A P  
F U N C T I O N  N Y V I Y  1  
COMMON / S C O M O N /  I F R A H E I N C O P Y ~ C P X V C P V V R A D ~  S C F X e S C F V  
N Y V = C P Y - Y * S C F Y  
R E T U R N  
E N D  

T S U B T Y P E , F O R T R A N v  L M A P e L S T R A P  
S U B H O U T I N E  X S C A L V (  X t 
COMMON /SCOMON/ I F R A M E V N C D P V V C P X ~ C P Y I R A D V  S C F X t  S C F Y  
S C F X = R A O / X  
R E T U R N  
E N D  

T S U B T Y P E ,  F O R T R A N e L H A P t L S T R A P  
S U B R O U T I N E  Y S C A L V ( Y 1  
COMMON / S C O M O N /  I F R A M E v N C O P V v C P X v C P Y  IRADI S C F X v  S C F Y  
S C F Y = R A O / Y  
R E T U R N  
E N D  

T S U B T Y P E ,  F O R T R A N +  L M A P v L  S T R A P  
S U B R O U T I N E  M P C O D ( N X e N Y v A L A T ~ A L 0 N G t I N D I  

C C O N V E R T S  A L A T  A N D  A L O N G  ( D E G R E E S  P L U S  N O R T H  A N D  E A S T )  
C T O  C H A R A C T K O N  U N I T S  N X  A N D  NY. 
C F O R  I N U  = 1 P O  I N 1  O N  T H E  F R A M E  
C F O R  I N D  = 2 P O I N T  H I D D E N  B Y  T H E  E A R T H  
C 

D I M E N S I O N  1 1 3 1  
1 I N D = A  

C A L L  M P L D T ~ X v Y e Z v O t O ~ A L A T v A L D N G ~ O ~ 5 ~ N X ~ N Y ~ T ~ 3 ~  
l F l Z ) 2 1 2 0 3  

2  I N D = 2  
3 R E T U R N  

E N D  
1 S U B T Y P E v  F O R T R A N v L M A P t L  S T R A P  

F U N C T I O N  S P A C E ( X l v Y l v X 2 e Y 2 )  
C C C M P U T E S  T H E  D I S T A N C E  F R O M  ( X l v Y L I  T O  ( X 2 e Y 2 l  

S P A C E = S Q R T l  t X 2 - X 1 1 + * 2 t I V 2 - Y 1 1 * * 2 ~  
R E T U R N  
E N D  

T S U B T Y P E I D A T A  

Y P L  (If 5 9 7  
MP1 01 5 9 8  
W P L o r S 9 9  
H P L O T h O O  
M P L . f l T 6 0 1  
MPL O T 6 0 2  
M P L 0 1 6 0 3  
M P L L l T 6 0 4  

M P L O T 6 2 2  
M P L O T 6 2 3  
M P L O l 6 2 4  
M P L O Y 6 2 5  
M P L O T 6 2 6  
M P L O T 6 2 7  
M P L O T 6 2 8  
M P L O T 6 2 9  
M P L O T 6 3 0  
H P L D T 6 3 1  
M P L D T b 3 2  
M P L O T b 3 3  
MPL 0 1 6 3 4  
M P L O T 6 3 5  
M P L O T 6 3 6  
M P L O T 6 3 7  
M P L O T 6 3 R  
M P L O Y 6 3 9  
M P L O T 6 4 0  
M P L O T 6 4 1  
M P L O T 6 4 2  
M P L O T 6 4 3  
M P L O T 6 4 4  
M P L O T 6 4 5  



b J t i H , L L V O b I A f - 4 1 o L 4 Y * 3  A L A N  L)UUGLI\S ULALKl. (EST 
t) T Y P t 9 C U M P l L  t 1 F 4  
T  SUt3TYPE1FUl< I R A N *  L Y A P t L  STRAP 

SUdHUUT I N E  T l M S t K ( T  I T L C I X V N ~ U F L A ~  [F) 

TU1S R O U T I N L  P L O T S  N  V A L U I r S  OF THE ARRAY X. D E L A  I S  'THE 
s A l ) P L t l . ~ b  I l u T t l ~ V A L  AND I F  1 5  A N  L N D l i A T l J R  U H l C H  S P E C I F I E S  THE T Y P E  
u F  S C 4 u 2 U  OUTPUT R f O U  I k E O .  

It 1 1 - = l  U U T P U T  I S  O N  M I C R O F I L M  
IF.2 OUTPUT I S  U N  h A K D  COPY 
I F = 3  U U T P U T  I S  U N  B U T H  M I C R O F I L M  AND H A R D  COPY. 

T I l L E  I S  A  2 0  t L L M E N T  ARRAY C A R R Y I N G  D A T A  FOR A N N O T A T I N G  THE 
O U T P J T  bRAPHS. T t i C  T I T L E  ARRAY I S  SET U P  A S  F O L L O W S  

I I T L E (  1 1  - U N U S E D  
T l l L k ( 2 1  - U N b S E U  
T I T L E ( 3 1  - C O N T A I N S  8 HIILLERITH C H A R A C T E R S  G I V I N G  THF U N I T S  

O F  T H k  T I M E  S b R I E S  E.G. SECONDS 
T I l L E ( 4 1  - UNUSEC 
T I T L E ( 5 I  - U N U S E D  

I I T L E ( 6 )  - 1  
) C O N T A I N S  8 0  H O L L E R I T H  C H A R A C T E R S  G I V I N G  A  T I T L E  T O  
) T H E  G R A P H  

C  T I T L E ( 1 5 )  - l  
C T I T L E 1  1 6 1  C O N T A l N S  8 H O L L E R  I T H  C H A R A C T E R S  G I V I N G  D A T E  

T I I L E ( 1 7 )  - l  
) C O N T A I N S  24 H O L L E R I T H  C H A R A C T E R S  G I V I N G  A  S U B T I T L E  

T I T L E 1 1 9 1  - I T 0  THE GRAPH 
T l  I L E ( 2 0 )  - UNUSEO 

I ) I M t N S l O N  X ( N 1  1 T I T L E I Z O I  
U A T A  S E C S ( 8 H S E C S  l 

L A L L  A M A X I  X1N9 XMAX)  
C A L L  A t 4 1 N l  X ,N i  X M I N I  
XHG-XMAX-XH I N  
RANGE=3OO./XRG 
I F ( D t L A . E U .  . O ~ ~ ~ ~ . A N O O T ~ T L E ( ~ ) . E ~ ) . S E C S I G O  T O  2 0  
S=6. 
l F l h . L t . l 0 0 1 S = 7 .  
H=O. 
lF(D~LA.LT.(lO.**R*.lC0OOU11lGO TO 2  
H - K t l .  
GO TO 3 
I t ( U . L I . l . I G 0  TO S 9  
I ~ T L H  = l O . * * ( t ( . - R l * D E L A  + 0.5 
A I N T L h  = F L O U T (  11 \ ITER1/110 . * * (  S-K1 1 
A N X L = (  ( > . * A I N T E F ) / D E L A  
G C  TO 4 

L 

4 N X L = A N X L  
F t X j -  3 * N X L  
5 0 h S T = b O O .  / A N X L  
NT=rJ/r'.IXS 
h T = h T + l  

C 
(10 1 0  I = l 9 N T  
C A L L  A U V F L M (  I F  1  
IBEGIN=( I - ~ ) * N x s + ~  
1  ENO=NXS 
I F ( I * N X S . G T . N I  I E N O = N - I (  I - 1 1 * N X S ]  
C A L L  R t C U H F l X (  I B E G I N I  9 1, I E N O ~ X M I N ( K A N G E ~ C O N S T ~ A I N T E R ,  T I T L E g N X L I  
C A L L  ENOFME 

10 C C N T I N U E  
L 

C A L L  F I N I S H  
59 R E T U R N  

END 
L 

T  S U H T Y P f  9 FORTRAN,  L M A P i l .  S T R A P  
S U b R O U I  I N €  R t C O K F I X t  l B E G I N 1  I f N D v  X M I N *  R A N G E t c O N S T ~ A I N T E R l T l T L E , N X L ~  

L 
I N T E G E R  X P L O T  1, X P L O T 2 t  T P L O T l r  T P L U T 2  

c 
D I C t N S I U N  X (  I E N D l v  T I T L E (  2 0 )  

C  
C A L L  I S P (  1 2 0 , 4 8 , 8 1  

C 
OG 1 1 = 6 9 1 5  
C A L L  H L R A M l T I T L E (  1 1 1 8 )  

1 C G b T I N U F  
C A L L  T S P (  1 2 0 9  4 8 1  241  
DC 3 U  I = 1 7 r  19 



CALL t iORAM(TITL.E( I 1 1 R I  
30 CONTINUE 

C 
DO 5 l r 1 , 3  
UASE=340*1-110 
CALL V tCTURl  t l  l c B A S E v F 1 1 , 8 A S E ~  
lV13S= t3ASt*40e 
CALL TSP(  8 0 1 r 4 H r P O S )  
CALL H( IHAM(T lT I .E (31q?) ,  ... .- . . . . . . . . . . .  
RASkL=t3ASE+l%. 
t5ASfY=HASELtZOe ~- . , ,  

C 
Of1 10 J = 1 ,  7 
A N M B N = F L O A T ~ . I - L ) * A ~ N T E R  ' ' - . '  

AMAI(K=( FLOAT( ( J-A )*51*'00. ) / ' 4 e  4 111. 
CALI. VkCTUR( AWhMK,BhS Ec hHAn#;'BASELl 
ANAHK=AMARK-40. 
C A L L  ISP(AHAIIK,40,HASEY) - --'- 

CALL C4020F(ANNOR,6,1 l .-- 
10 CUNTLNUE 
5 CCNTINUE 

C 
-- - -- 

c 
B E G  I 16EG IN+l - 

-.- . - .  - . ... . .  . . 

XPLt1T1=320*-(X(  IBEG!N!.TW!N!ZIRANCE . . . . . .  ..... . . . . .  
T P L O T l = l l l .  
DC 15 I = I B E C I  11 IENO 

. . . . .  . . ............. 
I L I N E - I  I - l I / N X L  + L  

. ~ 

XPLOT2=340.+FLljAT( 1 L I N E )  - (K( 1)-UMlNI*RANGE - 20 .  
TPLOTL=FL.UAT( 1-1 BEGIN-((  I C I M E - L l * N X L l l * C a N S ? -  + 111. . ' 

I F (  I .EO.INXL+l  IeOR. I e  E Q . ( 2 * I I X L t l l  )GO TO 20 
CALL vECTOM~TPLOY l* X P L O T l ~ T P L O T 2 t X P L O T 2 )  

20 KPLOTl=XPLOTZ 
...... 

f PLOTl=TPLOT2 
-- .~ . ~. 

15 CCNTINUE 
C 

CALL TSP( 9 3 9 * 4 8 , 2 3 l  
CALL H O H A M ( T I T L E 1 1 6 l ~ 8 I  

C 
RETUf!N 

. . - - - - - -. - - 

END 
l SUB TYPE^ FORTRAN, L H A ~ T K A P  - 

5UsKOUTINE ANAX ( X t N L ) O ~ X _ ) - - -  -- 
C 
C F INDS MAXIMUM VALUE OF-ARRhY-X  
r 

L 
KO = 1 

2  KP = K O  
5 I F ( K C  -N13,494 
3 K O = K Q +  1 

I F ( X ( K P I  - X l K Q I l 2 r 5 r 5  
4 XMAX = X(KP1 

- 

RETURN 
ENO 

-- -- 

T  SUBTYPE, FORTRAN* LMAPvL STRAP 
SUBROUTINE AMiN 4 X ,  NsXMINi- 

C 
C F INUS HINIHUM VALUE OF -hRRaV X 

DIMENSION X(N)  
. . . .  . . . .  .- - 

L 

K Q  = 1 
5 KP = KO 
2 l F ( K Q - N ) 3 * 4 r 4  
3 K O = K Q + l  

I F ( X ( K P J  - X ( K Q ) I 2 q 5 ! ~  - 
4 XMIN = X ( K P 8 -  

RETURN 
END 



THI:, P A C K A b E  PLLJTS U P  111 L 0  C H A N N E L S  r ) t  A  D L l U f i L f  S U t 3 S C R I P T E D  
A K K A Y I  X I  I I J I  WHERE J 3 C F  I Y E S  T l l E  L I i A N N L L  NUMf3kK A N 0  I T H F  S A M P L C  
IvUMUEK I N  T H E  J T t i  C h P N h E L .  THF U A T A  I S  A S S U M E D  TO B E  S A M P L F D  AT  
C O U A L  I N T E K V A L S .  

t 1 V t  L H A i \ I N L L S  A k F  P L O T T t D  T U  A  f .RANEr  T-IE T I M E  A X I S  I S  P A R A L L E L  
1 0  I f l t  Y  A X I S  O F  T H E  P L L l T T t R .  

T U E  P A C K A G C  U S E S  T h E  COMMONS - 

C G M Y U N  / G R A P H /  T  I T L  t (  3 5 1  8 O E L A  

X 1 5  T H E  A K k A Y  T U  t3E P L O T T E U .  T I T L E  I S  A N  A R R A Y  F U R  A N N O T A T I N G  
T H t  U U T P c l T  AND O E L A  I S  T H E  S A M P L I N G  I N T t X V A L  O F  T H F  T I M F  S F R I C S .  

T H E  T l l L E  A k K A Y  I S  P A U t  U P  A S  F O L L O W S  - 
T I T L F ( 1 1  - )  

- 1 
- 

T I T L E (  J )  -l E A C d  E L E M E N T  C A R R I E S  A N  8 C H A R A C T F K  T I T L E  
-,t O t S C R I 6 I N G  T H E  D A T A  I N  T H E  C H A N N E L  
- 

T I T L t ( 2 O )  - 1  

T I T L t ( Z 1 1  - l  
- )  C A R R I E S  00 H O L L E K I T H  C H A R A C T E R S  G I V I N G  A  T I T L F  T O  
- )  T H F  O U T P U T  

l l T L k ( 3 0 )  - )  

T I T L E l 3 l i  - C A H R I E S  8 H O L L E R I T H  C H A R A C I E R S  G I V I N G  U N I T S  O F  T H E  
T I M E  S C R I E S  

T I  T L C ( 3 2 l  - C A k R I  E S  R H O L L E R 1  T H  C H A R A C T E R S ' G I V I N G  O A T €  O F  
P R O C E S S I N G  

I t  I S  A N  I N D I C A T O K  TO S P k C I F Y  T H E  O U T P U T  K E Q U I R E D  

I F  I F  = l  U U T P U T  1  S  O N  M I C R O F I L M  
It = 2  O U T P U T  I S  U N  HARD C O P Y  
IF = 3  OUTPUT I S  ON B O T H  YICROFILM AND HARD cnPY 

L N U  I S  A N  I N D I C A T f l K  I F  SET TO 1 THE M A X I M U M  A M P L I T U D E  I N  
E A C H  C t i A N h E L  I S  S C A L E C  TO THE F U L L  R A N G E  4 V A I L A B L E .  I F  S F T  T O  2 
1 bk r l A X l M l J H  K A N G E  O F  T h E  X  A R K A Y  I S  S C A L E D  TO T H E  F U L L  RANGF: 
A V A l L A 6 L f .  

S E T T I N G  I h D  T O  1 D E S T R O Y S  T H E  O R I G I N A L  D A T A  I N  T H F  X  A R R A Y *  
P ~ u l T l N b  U S I h G  C H A N  S H U U L D  Tk IEKEFORE 8 E  DONE O N L Y  WHEN A L L  
H f O U I R f O  C O M P U T A T I O N  H A S  B E E N  C A R R I E D  U U T  O N  X  - T H I S  R E S T R I C T I O N  
O U E S  N U T  A P P L Y  I F  I N 0  I S  2. 

U I M t l 4 S  LUN H M A X ( 2 5 l  r B Y  I N (  25) 

O H N F S T  

60 T O (  1 5 9 1 6 ) ~  I N U  
X M A X = l .  
X M I N = 0 .  

3C 10 I = l r N C  
GO T i l (  3 0 1  3 1  1, I N D  
C A L L  A M A X ( X ( l 9  1 ) t N r Z M A X I  
C A L L  A M I N ( X ( 1 q  I ) , h r Z M I N I  
Z R G = Z M A X - L M I N  

C P L L  A M A X I X I l r  I ) , N I B M A X ( I ) I  
C A L L  A b l l N ( X ( 1 1  I ) ~ N , B M I N ( l ) I  
C O N T I N U E  

GO T 0 ( 3 2 r 3 3 ) * 1 N O  
C A L L  A M A X ( t 3 U A X r N C r X M A X )  
C A L L  A M I N ( f 3 M I N r N C r X M I N )  



CALL. SC l l r lY I  XMAX,XMffd,N) 
CALL 1 ( . t ihNl hit 
CALL  KXPANU 

00 '181 I =  l 1 N 5 5  
N C S . (  I -1 )*5*1  
I F (  I . k u . N 5 5 ) N N = N L - N W  
CALL  ~ ' M U L . T ~ ( N ~ N I U V N C ~ Q  I F )  
LClNT [NU[: 
CALL  KLUUCE 
f l k IUHN 
END 

5tIUTYPI: I POU TRANr L M A P t L  STRAP 
SUURUUT I N t  P M U L I I I N V V N V N C S ~ I F )  

CUMMON X (  3 4 0 0 1  2 0 1  

CUCM(jN/GRAPti/T I T L E (  35 J I DELA 

U A T A ( A T I T L E (  l ) r l = l r 4 ) ( 3 2 H  T IME MARKS AT INTERVALS OF J 

NC=E.IN 
I L = k C 5  
NM=NT 
U 0  10 1:11NT 
I f ( I .GT .NM)GU TO 99 
CALL  AL)Vf L M I  I F )  
CALL  T S P 1 9 3 9 1 4 R v O )  
CALL HIIRAM(TITLE( 3 2 ) s  8 1  
CALL  T S P (  1 0 0 ~ 4 8 1 8 )  

DO 11 L = ? l v 3 0  
CALL  H O R A M ( T I T L t ( L  1.8 J 
CGNT lNUE 

CALL  TSP( 1 0 1 4 ~ 4 8 , 1 2 4 )  

90 11 L = 1 1 4  
CALL  V t R A M ( A T I T L E ( L I e 8 )  
i C N T  INUE 

CALL  T S P ( 9 5 6 1 4 8 p 6 4 0 )  
CALL  C 4 U 2 U F l  A lNTERv  8 9 3 1  
CALL  TSP(  1 0 1 4 1  4 8 ~ 6 4 8 1  
CALL V E R A M l T I T L E ( 3 1 ) , 8 l  

DO 50 J = l , N C  
J A = J  
K = J + I Z - 1  
XPUS=1000. -FLU AT( J A - 1  l * 2 0 0 .  
CALL  T S P ( X P U S v 4 8 v 2 0 J  
CALL  V E R A M l T I T L E ( K J v 8 )  
PR INT  ~ ~ ~ V X ( I ~ ! E G I N V K I V I E N D V J A V X M I N ~ R A N G E V C O N S T  
F O R M A T ( L X , F L O . ~ V ~ ( ~ X I  1 5 b ~ 3 ( 2 X v F l U . 5 I l  
CALL  P E N ( X (  I t3ECINeK I1 I E N D v  J A v  K M I N ~ H A N C E v C O N S T l  
C O N 1  INUE 

CALL P E N ( T T I I B E G I N J v I E N D ~ ~ v O ~ O ~ ~ . V C O N S T I  
CALL  ENDFME 
CUIUT INUE 
CALL  F I N I S H  
R E l U H N  
END 

SUdTYPL, FURTRANpLMAPtLSTRAP 
SUBHOUT I N E  SCHAN( XMAXvXMINeN l  



110 2 I = l , L T  
L L = F L O A I l  I - l l * A O + l .  
T T ( L L ) = 2 5 .  
CON1 I N U E  

PETU#N 
ENU 

SU8TYPE.FURTRANrLMAPtLSTKAP 
SUBRUUTLNt  P E N ( X ~ ( E N O ~ J A ~ X M I N I R A N G E ~ C O N S T ~  

C 
D I M E N S I O N  X I  I E N D I  

C 
I N T t ( i E H  X P L U T l t  XPLOT2, T P L O T l l  TPLOTZ 

L 

A J = B l Z .  - F L U A T I J A - 1 1 * 2 0 0 .  
. X P L O T l = A J  + ( X I 1 1  - XHIN)*HANGE 
T P L U T 1 = 1 9 .  

C 
00 1 5  1 = 2 t l E k D  
XPLOTZ-AJ  + l X l  I f  - XMINI*RANGE 
TPLOT2=FLUAT(  I -1)*CONST + 19. 
C A L L  VECTOH(XPCOT1, TPLOT1 ,XDLOTZv TPLOTZ)  
X  P L O T l = X P L O T ?  
T P L O T l  =TPLOTZ 

1 5  CONTINUE 
HETUHN 
END 

T S U B T Y P E t F l l R T I ( A N ~ 1 H A P v L S T R A P  
SU$RflUT I N E  AMAX X ,  N1 XMAX 1 

C  
c F I N D S  MAXIMUM VALUE OF ARRAY X  
C 
C  

DIWfiNSIUN X ( N 1  
C  

KC = 1 
2  K P  = K Q  
5 I F ( K O  - N l 3 1 4 , 4  
3 K G z K Q t  1 

I F I X I K P I  - X I K 3 1 ) 2 , 5 , 5  
4 KMAX = X I K P I  

RETURN 
END 

1 SUBTYPE,FORTHAN1LMAP,LSTWAP 
SUORUUT I N E  AMIN X1Nt  X M I N I  

b 

C F I N D S  MINIMUM VALUE OF 4RRAY X  
C 
L 

D I M E N S I O N  X ( N )  
C 

KC = 1 
5 K P  K U  
2  I F l K P - N ) 3 t 4 v 4  
3 K C : = K P *  1 

I F I X ( K P I  - X l K O l l Z i 5 1 5  
4 X M I N  X I K P I  

HETUi lN 
ENU 



8 J l lO,ZI .VUO7hl~41hOZY+O ALhN OCIIJLLAS 131 ACKNEST 
l3 TYPL:, COMI'IL. I:, r-4 
T  SUB1 Y P t r I - I l l ~ T H A N r L t 4 A P t L b I H A l '  

SLIi3HUUTINt CAR(;VF(XtY 1 N I  
C  
C  
C  !H15 PACKAOk l'L.UTS N  P U I N T S  TIdt: CAKTESIAN CO-OHOINATES OF THE 
C  J T t i  POINT  N E I N t i  5P t ( ; l l : IE I )  A 5  X ( J 1 , Y ( J 1 .  
C THE P A L K A G t  1JStS T h E  COf1MON -- 
C  
C LCMMON / b H F F /  T ~ T L ~ ( ~ ~ ~ ~ X M A X ~ X H I N D Y M A X ~ Y M ~ N , I N D X ~  INDY, INDs  lDOTp  
C  I A N S T H l r  l F - , X L I M I I P Y L I M I I , S C A L X ( S C A L Y  
C 
C THE T l T L t  ARRAY CARRIES INFORMATION FUR ANNUTATI  NG THE OUTPUT 
C  GHAPII. T I i l S  ARRAY I S  S t T  Ul' AS  FOLLOWS 
C  
C  T I T L E (  1 1  - 1  
C ) C U N l A l N S  24 tiOL.LER1 Tti CHARACTERS G1 \'I NG THE U N I T S  
C  T I T L E ( 3 1  --)OF 1HE AflSCKSSAE .. , . . .  . 
C  
C  T l T L E ( 4 J  1CUNTAlNS l b  H O L L E H I T H  CHARACTERS G I V I N G  THE U N I T S  
C r I T L t . (  5 1  1UF THE OKL)INATE 
C  T I T L t ( 6 J  - 1  
C )CONTAINS H 0  H O L L E K I T H  CHARACTERS G I V I N G  A  T I T L E  TO 
C l THE GRAPH 
C T I T L E ( 1 5 )  - l  

T I  r L E (  1 6 1  -CONTAl  h S  D H O L L E R I T H  CHARACTERS G I V I N G  D A T t  OF 
PkOCESS ING 

T I T L E ( 1 7 )  - 1  
)UNUSED 

l I T L E ( Z O 1  - 1  

XMAX 1SET OOTH TO ZERO I F  PROGKAM TO CHOOSE THE ABSCISSAE 
X H I N  )SCALE.  OTHEKHISE SET TO CHOSEN L I M I  TS OF ABSCISSAE SCALE 

YMAX J S t T  BOTH TO ZERO I F  PROGRAM TO CHOOSE THE ORDINATE SCALE 
Y M I h  ) U T H E K H I S k  S t T  TO CHOSEN VALUES OF ORDINATE SCALE 

INOX I S  AN I N U I C A T U H  FOR PLUTT ING THE ABSCISSAE ON A  LOG SCALE 
l N O X = l  ABSCISSAE UN L I N E A K  SCALE 
I M D X - 2  AGSCISSAE ON LOG SCALE 

INOY I S  A  S I M I L A R  INDICATOR FOR THE. ORDINATE SCALE 

I N 0  I S  AN INOICATOH FOR CIJNTROLLING FRAME C A L L S  AND F I N I S H  CALLS 
I N 3 - 0  CARGKf- CALL S  AOVFLY AND F I N I S H  

= l  CARGIIF C A L L S  AOVFLM nUT NOT F I N I S H  
=2 CAHGRF C A L L S  F I N I S H  BUT NOT AUVFLM 
= 3  CAKGUF CALLS NCITHER F I N I S H  NOK ADVFLM 

1 0 0 1  I S  T H t  SC4OZC COOE UF  THE REQUIRED P L O T T I N G  SYMBOL 

ANSTK1 I N U I C A T E S  kHETtiER THE PLOTTED P O I N T S  HAVE TO BE J O I N E D  UP 
ANSTP.1-1. P O I N T S  NUT J U t N E D  

=2. P O I N T S  J O I N E U  

I F  b P t C I F I t S  TYPE OF UUTPUT 
1 F = l  UUTPUT ON H I C R U F I L H  

= 2  OUTPUT UN tiARD COPY 
= 3  OUTPUT UN AUTH M I C R O F I L M  AND HARD COPY 

REAL INS;  R 1  
C 

COMMON /CUFF/  T I T L E ( Z O 1 p  XHAX, XHINsYMAX*  Y M I N t  I N O X *  I N D Y *  I N D *  
1 l V O T 1  ANSTR1, I F ,  X L I M I T ,  Y L l M l T ,  SCALX. SCALY 

C 
D I H E N S I U N  X ( N I 1  Y ( N 1  

C 
lNTEGER P L A C t X  PLACEY, K P L O T l t  XPLUTZ, Y P L U T l r  YPLOTZ 

C 
DATA A J I J I N ( 8 H J U I N  J ,  BLANK(AH I 

C 
C 
C 

INSTH1-BLANK 
I F ( A N S T R l ~ E O . 2 .  1  I N S T R l = A J O I N  
I h D A =  I N D + 1  

C 
GO TO ( 5 5 , 6 0 1 ,  INDX 

60 PUSXT=PUSMIN lX ,N)  
POSX=ALOb lO(  POSXT1 
PoSXT=PuSXT*O.9999  
DO 2 0 1  I = 1 v N  
I F ( x (  I I .LE.O.OIX( I 1=POSXT 

2 0 1  CONTINUE 
C A L L  CLOb(X ,N l  

55 GO I U  ( 6 5 t 7 0 1 r  INUY 



7 0  POSY l = P O S M I N l  Y  q N l  
PCSY=ALUb10(  POSYT I 
PLISYI=PiJSYT*O. 9 9 9 9  
D 0  202 i= 1,N 
I F ( Y 1  I l . L t .U .O lY(  I l = P O S Y T  

2 0 2  CONl INUE 
CALL CLUL(Y ,N I  

6 5  IF l (XMAX-XMIN) .GT.  1.OE-7)GO TO 1 9 9  
CALL AMAX(X,N,XYAX) 
CALL AMIN(X,N, XMIN) 

1 9 9  I F (  IYMAX-YMIN) . G T . l , O E - 7 ) G O  TO 2 0 0  
L A L L  AMINIY,N, Y M I N I  
CALL AMAX( YvN, YMAXI 

2 0 0  GO TU ( 8 8 8 ~ 8 8 8 ~ 8 8 Y v  8 8 Y ) *  INDA 
8 8 8  CALL ADVFLM( I F  l 
H89 CALL EXPHVY( 1 2 3 ,  2 7 , 9 2 3 )  

CALL ~ C A L ~ N ~ X , X L ~ M ~ T , S C A L X ~ P L A C E X I X F A C T R ~ N , X M A ~ , ~ ~ ~ I N ~  
CALL S C A L t N ( Y 1  YL.IM1Tr SCALY 8PLACEY YFACTRvNt YMAX1YMIN) 
G11 TU ( 7 7 7 ,  7 7 7 , 7 7 8 , 7 7 8 1 1  INDA 

7 7 1  CALL V t L T O R 1 1 1 5 ~ 9 2 3 ~ 1 C 0 3 , 9 2 3 )  
CALL V tCTUK(  1 2 3 , 9 3 1  ,123,434 

L 
DO S 1-11  11 
FALTOK=FLOAT( I -11*8O.  
XSCAL=LO3.+FACTUR 
YSCAL=43.  +FACTOH 
CALL VECTUW(KSCAL ,923 t X S C A L t Y  3 1 )  
CALL V E C T U R ( 1 1 5 , Y S C A L 1 1 2 3 ~ Y S C A L )  

5 CUNTINUE 
C 

7 7 8  I G U I D E  = 1 
I U R A d  = 1 
I F 1  INDX.tU.2.ANU.Xl 11 .LT.POSX)IGUIDE=2 
I F (  INUY.tO.2.AND.Y( 1 )  .LT.POSYl LGUIOE=2 
GO T O  l Y 9 d v  9 9 9  1 9 1  GUIDE 

9 9 8  X P L U T l = ( X L l ) - X L I M I T W A L X  + 123. 
YPLOTl -923 . - (Y  1 1 I - Y L I M 1 T ~ * S C A L Y  
CALL PLOTIXPLUT l ,  I D O T r Y P L O T l )  
I DHAH=L 
I F (  1NSTRl .NE.AJUINI  IORAW=l 

Y Y Y  L G U I D t = l  
C  

DO 1 0  1.2,t.i 
I F (  IhOY.Fb.2.ANO.Y( I 1  .LT.POSY ) I G U I D E = 2  
I F 1  INDA.LU.~.ANU.X( I )  .LT.POSX)I t iUIDE=Z 
GO TU ( 9 9 7 , 9 9 6 ) ,  I G U I D E  

9 9 7  XPLCTZ=LX( 1 ) - X L l M I T ) * S C A L X  + 123. 
Y P L ~ J r 2 = 9 2 3 . - ( (  Y(  1) -YL I M I T ) * S C A L Y )  
CALL PLOTlXPLOTZ,  IDOT 1YPLOT21 
GU TO 1 9 9 5 , 9 Y 4 ) t I D R A W  

9 9 4  CALL VECTOR(XPLOT1, Y P L O T l ~ X P L O T 2 ~ Y P L O T 2 )  
9 9 5  YPLOTl=YPLOTZ 

XPLOT1-XPLuT2 
I G U I D t = l  
ICRAW=2 

9 9 6  IDHAW=l  
I G U I D t = l  

10 CONTINUE 
C  
C 
C  

GO TU 1 7 7 9 t 7 7 9 ~ 7 8 0 1 7 8 0 I t  INDA 
7 7 9  Y+=4.*YFACTR 

X 4  = 4.*XFACTR 
C 

U 0  3 0  1 ~ 1 . 3  
F = (  1 - 1 1  
Y L I M = Y L I M I T t k * Y 4  
10 TO ( 2 1 , 3 1 1 ,  lNDY 

3 1  Y L I M = l O . * * Y L I M  
2 1  X L I M = X L I M I T + F * X 4  

GO TO 1 2 2 r 3 2 ) t  INDX 
32 XLIM=lO.**XLIM 
2 2  YPDS-915.-F*320. 

XPos=52.+F*320.  
CALL TSfJ112,481YPOSt 
GU TO ( 2 3 , 3 3 ) t I N D Y  

33 CALL C 4 0 2 0 E ( Y L I M ,  1 1 1 2 1  
GO TO 4 1  

2 3  CALL C 4 0 2 0 F ( Y L  In1 13qPLACEY J  
4 1  CALL TSP( XPOS, 48 ,942)  

GO 10 ( 2 4 ,  3 4 )  1 1NUX 
3 4  CALL C 4 0 2 0 E l X L / H ,  1 1 , 2 )  

Gti TU 3 0  
2 4  CALL C402tJF(XL I M 1  131PLACEX)  

3 0  CONTINUE 
C  

CALL TSPI  48 ,48 ,291)  



CALL V t H A M ( T I T L E ( 4 )  p t J l  
CALL  V t K A M ( T l I L C ( 5 1  1 8 )  

L 
L A I L  T S ~ ( 7 0 O r 4 8 1 9 4 8 )  
(.ALL H I J H A 1 4 I T 1 l L E ( l l r R )  
L A L L  t i U H A M ( I I T L t ( Z ) , A )  
CALL  t i U K A M I I I I L t ( 3 l o t l )  

C 
CALL  T b P l  1 5 0 9 4 d 1 2 3 1  
0 0  7 7  l = b r 1 5  
C A L L  H O I < A M I l l T L t (  l I t 8 )  

2 5  L O N l  l N U E  
C 

L A L L  TSP(  9 3 9 r 4 8 , 2 3 )  
CALL H O K A M ( T l T L € (  1.611 8 1  

C 

780  GO 1 0  L 9 9 U , 9 9 1 , 0 9 U 9 9 9 1 J 9 1 N D A  
9 9 0  CALL  F I N I b H  
9 9 1  CALL  EN1)FME 

HtTL) I IN 
ENI) 

T  SIJHT YPE, FLJUTKANT LMAPvL STRAP 
SUUIILIUTlNE S C A L C N ( X , X L l M l T , S C A L X t I P L A C E r F A C r O R ~ N , X M A X t X H i N ,  

C 
C  
C COMPUTES SCAL ING VALUES FOR CARGRF 
C  
C 

O I M E k S I U N  X ( N l  
L 

XKGzXMAX-XM I N  
C 

R=O. 
1 I F l X t ~ ~ ~ L T ~ ~ l O ~ * * K * ~ 0 0 0 0 U 0 1 1 1 G O T O 2  

W = U t l .  
GO 113 1 

Z I t ( R . L T . l . l G O  TO 1 5  
FACTLJU-( 13.  **( R- l .  1 * . 0 0 0 0 0 0 1 2 5 1  
S=O. 

3 IF(xRG.LE.FALTUR*(Z.**SJ)GU TO 4 
S=S+l. 
GO TU 3 

4 F A C T U R = ( 6 A C T U R * ( 2 . * * S l l / l O .  
C 
C  

X L l M I T = X H I N / F A C T O R  
L I M I T X = X L  I M I T - , 9 9 9 9 9  
X L I C I T = F L i J A T (  L  LMI TX1*FAC iOR 
I F  (XM lN .LT .XL IM lT  ) X L I M I T = X L l M I T - F A C T O R  
SCALX=BO. /F  ACTOR 
I P L A C t = l l . - R  
I F (  lPCACE.LT . l ) IPLACE=L  

C 
15 RETURN 

END 
T SUMIYPEt  FORTRANT LMAPvLSTRAP 

FUNCI  I O N  P U S H I h ( X , N )  
C 

C 
DIMENSION X I N I  

L 

C t l k U S  MINIMUM P O S I T I V E  VALUE OF ARRAY X 
c 
C 

I N 0  = 0  
DU 10 1 - l r l u  
IF IX ( I1 .LE .O .O)GU TO 1 0  
I N D = I  
GO T O  l 

10 CONTINUE 
1 IF ( I kO .NE.O IGU TO 7 

PRINT  20 
20 F U R M A T ( 4 X ~ l l t l H A N  ARRAY FROM WtiICH THE SMALLEST P O S I T I V E  VALUE WAS 

1HEULJtSTED HAS ALL N E L A T I V t .  YOUR JOB HAS THkREFORE BEEN TERMINATED 
2 1  

CALL  E X I T  
7 KQ= INU 
5  KP=KU 
2 l f ( K C - N j 3 ~ 4 ~ 4  
3 ~ ( r = ~ Q t l  

IFIX(KG1.LE.O.OIGO TO 2 
I F I X ( K P ) - X l K Q 1  1 2 , 5 9 5  

4  POSMIN=X(KP)  
RETURN 
Eh0 

T SUI31YPts FURTHAN9 LMAPpLSTRAP 
bUt3ROUT I N E  CLDC(X9N 1  

C 

L CCNVEHTS AKHAY X  TU COMMON LOGS 



C 
C 

U l M E N S I U k  K I N 1  
C 

DU l I = l t N  
X I 1 1  = A L O G l O l X ( I I 1  

1 CONTINUE 
RETURN 
!?hill 

I SUBTYPE, F l iKTHANtLMAPtLSTRAP 
SUbRUUT I N €  AMAX l X1 N1 XMAXI 

L 
C t l N D S  MAXIMUM VALUE U F  ARRAY X 
C 
C 

O I M t N S I O N  K I N 1  
C 

KQ = 1 
2 KP = KC 
5 IF(KQ - N I 3 1 4 1 4  
3 K d = K Q + l  

I F I X I K P I  - X ( K P l l 2 t 5 r 5  
4  XCAX = X ( K P 1  

RETURN 
END 

T SUBTYPE* FURTHAN, LMAPtLSTRAP 
SUBdOUTINE A H l N  L X v N t  X H I N J  

C 
C F I N U S  MINIMUM VALUE OF  ARRAY X 
C 
C 

D IMENSION X ( N 1  
L 

K O  1 
5  K P  = KG 
2 I F I K Q - N I 3 1 4 1 4  
3 K O = K O +  1 

I F ( X ( K P I  - X l K Q l I 2 t 5 t 5  
4  X M l N  = X ( K P I  

RETURN 
END 



R JUl l ,ZLV1)67Ab41602Y*0 ALAN DOUGLAS BLACKNEST 
B TYPtpCOHPILC '+F4  
T  SUI1TYPE:rF:IJH I I IAN,LHAP~I .STKAP 

S U H W U U ~ I N ~  0 U i L I N l X l t Y 1  t X Z e Y 2 1  
C 
C  
C OR4WS A  UOTl ' tO L I N E  F l l O M  X l r Y l  TO X I v Y %  
C 

X H e X l  
Y H = Y l  
XL=X2 
YL=Y2  
IF IX l .GT .XZ9GU TO 2 
XH-X2 
YH=YZ 
X L = X 1  
Y L = Y l  

2  YY=YH-YL 
YhH-YH 
YLL=YL 
IFIYH.LT.YL)GU TO 3 
YY=YL-YH 
YLL=YH 
YHH-YL 

3 XX=XH-XL 
XY=SUKT lYY*YY + XX*XXJ 
IF(XY.GT.llJ.)(;O TO 4 
XPZ=XL + XX/2. 
YPZSYLL + YY/2. 
CALL PLOT( X P 2 1 4 2 1 Y P 2 l  
RETURN 

C 
4  I F ( X H . N E * X L I G O  TO 5 

CALL A X U L ( Y Y i Y L t X H 1  21 
I IkTUHN 

C 
5' It-(Yh.hE:.YL)GO TO 6  

CALL A X D L ( X X t X L * Y H ,  11  
HETURN . . . .  . - . -  . . . . . . .  

C  
b CTHET= lXH-XL) /XY  . . . . .  ........ .............. 

S T P E T = ( Y H - Y L l / X Y  
A N = l X Y t 2 .  J / 4 .  - 1. . . . . . . . . . . . . . . . .  . . . . . . . . .  
N-AN 

. ... ....... D=CCR + FLOAT' I - 1 ' * 4 *  . . .  
XP=XL t D*CTHET 
YP=YL t D + S T H € T  . . . . . . . . .  .- . . . . . . .  . . . . . . .  ... .- .. 
CALL P L O I l X P v 4 Z v Y P l  

10 CONTINUE 
HETUHN 
END 

T 
- - 

5Ut iTYPEt  FORTRAN* LNAPtLSTRAP 
SUBROUTINE A X D L I X ,  XL, Y,INOI . , . . W  .... 

C 
C DRAWS DOTTED L I N E S  PARALLEL TO A X E S  ......... .......... .......... ... 
C 

-- 

AN=(X t ?.l/4. - 1. . - -  - 
h= AN 
XCUR=( X-4.*FLOAT(N ) 1 / 2 .  

C 
DC 5 I = l * N  
XP=%L + XCOR + FLOAT( 1 -1144 .  
GO T O  ( 3 r 4 ) * I N D  

3 CALL  P L C T I X P * 4 2 t Y l  
GO TO 5 - -- - 

4 CALL  P L U T l Y t 4 2 t X P l  
U. - 

- 
RETURN 
END 



L I S T I K G  OF SHORE LI?!E CO-ORDINATES 





7 6 4 5 S 1 4 8 3 0 u * 7 6 2 5 S 1 4 7 1 0 k * 7 6 1 0 S 1 4 8 A 0 L ~ 7 6 ~ 5 1 * 9 9 9 * 1  S S  7610u**260090 
7rZuS 7630k47140S 76 0#*7150S 75 Oh*7%10S 7+20h*7d155 7320Y47235b 73 OH**dbOOPl 
7 2 4 ~ s  7130k*7L35S 70 OW7220S 6850k*715SS C830C*713US CBZOH*7L OS 683UU+*2600Y2 
7630s bd50w970 O S  6920WtbY25S 69409*&85CS 7C20b*6855S 1110n/*69 2 S  7140W**2t,0093 
6933.5 7130k*70 5S 71 Ok*703SS 7040ht7C5CS 71 0b*1055S 7150r*71 OS 73 OW*+2600V4 
7 1  55 744OW*71 5.5 7610k*YV99S99Y99F*7n3SS 7610k*7035S 75 OH*7030S 74 OM**260095 
7615s 7345#+6955S 7340M*6945S 7430k+7C C S  7545b*70155 7540~l*7035S 7610W**L600'36 
9Y999999YVYt6440S 6420k4645OS 6330H*6435S 63 OW*64%0h l 2  OW*64 OS 6230#**260097 
6439s 63 On*6415S 6330W6440S 6420W+S9S5S999999*6315S 5630d*6333S 56 OU**2b0098 
6325s  55 Owe63 OS 5550#*6315S 56301a@49SSS9$9Y99*624OS 61 ObJ*6245S 6020U**260099 
CLLOS 5YZOW*6215S 5E4Ok*b2 OS 5740C*t2 CS 5850h*t .?iOS 59iOw*a2305 6020#**260100 
6240s  6 1  On*SYFFSY SYY99*6038S 4620b*t042S 45 0 k*6020S 4b OH*b03BS 4620M**26il10 1 
9999SYY999Y* 0 ON 80 5M4 020s  8030M* O5CS 8030h* 1 OS 8055td* 1405 8045W**260102 

i l O S  6 0 4 5 ~ 4  L20S e055U* 2305 8035h* 3 C S  8OlOk* L3US 80 5U* 230s 7940#**260103 
250s 7 9 5 0 ~ 4  320s 80 Oh* 330s  8020b* 35CS @050k* 4155 8 1 ~ 0 ~ 4  440s  812OH**260104 
51OS 8 1 3 0 ~ *  546.5 8050W 6 OS B l l O k *  6155 @050h* 630s 8020t4* 6505  80 OY**L60105 
7155 79403* 750s 7930W 810s 79 Oh*: 840s 7840)1* YlOS 7830W* 940s 782OW**Zb0106 

10105 781Gw*1050S 7740h*1120S 7730b41150S 77110h*1210S T7 OU*123US 7b60w**Zbu107 
13 US 7630U*l34CS 7610h*1410 S 7615k*144CS 7550W15 O S  7530W*15205 75 10W**26O 108 
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APPENDIX D 

TABLE OF PLOTTING SYMBOLS AND EQUIVALE?;T S C 4 0 2 O  (1)ECIPIAL) 
CODES 

Symbol 

Zero 

P a r t i a l  De r iva t i ve  

Dec. 
Code 

32 

E q u a l  t o  = 

Quote " 

Prime 

De l t a  (Lower Case) 6 

Alpha (Lower Case) n 

Plus + 
A 

B 

C 

D 

E 

F 

G 

II 

I 

P i  (Lower Case) n 

Period . 
P a r e n t h e s i s  (Right)  ) 

Beta (Lower Case) B 

P l u s  o r  Minus " 

Symbol 

Tlinus - 
J 

K 

L 

M 

N 

0 

P 

Q 
R 

P l o t t i n s  Dot . 
D o l l a r  S i ~ n  $ 

A s t e r i s k  * 
Gamma (Lower Case) y 

T i l d e  - 
Lower Case d. ( D i f f e r e n t i a l )  

Blank 

S l a sh  / 
S 

T 

U 

v 
W 

X 

Y 

z 
Degree O 

Comma 9 

P a r e n t h e s i s  ( L e f t )  ( 

I n t e g r a l  Sign J 
S i ~ m a  (Upper Case) C 

Ques t ionMark  ? 63 Alignment Frame 0 
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