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ABSTRACT 

A computer program i s  presented t o  s o l v e  t h e  h e a t  conduction 
equat ion f o r  boundary cond i t ions  appropr i a t e  t o  t h e  l u n a r  s u r f a c e  during 
an e c l i p s e  and during a luna t ion .  This  program al lows f o r  very gene ra l  
r e p r e s e n t a t i o n s  of the temperature- and depth-dependent thermal  
p r o p e r t i e s  i n  a m u l t i l a y e r  model. Both i n f r a r e d  and microwave b r i g h t n e s s  
temperatures  may be p r e d i c t e d  f o r  the Moon and s i m i l a r  r o t a t i n g  bodies  i n  
which thermal conduction and r a d i a t i v e  t r a n s f e r  are t h e  most s i g n i f i c a n t  
forms of energy t r a n s p o r t  n e a r  t h e  s u r f  ace.  
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I. INTRODUCTION 

Since t h e  c l a s s i c  s t u d i e s  of thermal  conduction beneath t h e  
l u n a r  s u r f a c e ,  made by Wesselink ( 1 9 4 8 )  and by Piddington and Minnett  
( 1 9 4 9 1 ,  i n t e r e s t  i n  t h i s  problem has been s t i m u l a t e d  by d e t a i l e d  
obse rva t ions  made p o s s i b l e  by advances i n  in s t rumen ta t ion ,  and by t h e  
expec ta t ion  of d i r e c t l y  i n v e s t i g a t i n g  t h e  l u n a r  s u r f a c e  i t se l f .  

Because thermal  conduction may, under c e r t a i n  a s t r o p h y s i c a l  cond i t ions ,  
p lay  an important  r o l e  i n  energy t r a n s p o r t ,  i t s  b a s i c  equa t ions  have 
been a p p l i e d  t o  s t u d i e s  of t h e  Martian s u r f a c e  by Sin ton  and Strong 
(1960) , t o  t h e  s o l a r  corona, and t o  t h e  p l a n e t  Mercury. A s  t h e  r e s u l t  
of t h e  accumulation of more d e t a i l e d  i n f r a r e d  and microwave d a t a ,  it 
has  become important  t o  solve t h e  problem of thermal  conduction be- 

nea th  t h e  l u n a r  s u r f a c e  f o r  l e s s - idea l i zed  models than  p r e s e n t  a n a l y t i -  
c a l  methods allow. A computer program has t h e r e f o r e  been w r i t t e n  t o  
compute i n f r a r e d  and microwave b r igh tness  temperatures  dur ing  both an 
e c l i p s e  and a luna t ion  f o r  very genera l  assumed thermal  p r o p e r t i e s  and 
s u r f a c e  s t r u c t u r e s .  

The s imples t  model of t he  l u n a r  s u r f a c e  c o n s i s t s  of a homoge- 
neous p l a n e - p a r a l l e l  medium wi th  temperature- and depth-independent 
thermal  p r o p e r t i e s .  Although t h i s  model lends  i t s e l f  r e a d i l y  t o  ana- 
l y t i c a l  s o l u t i o n ,  Piddington and Minnett ( 1 9 4 9 )  and Jaege r  and Harper 
(1950) f i r s t  showed i t s  incons is tency  w i t h  t h e  d a t a ,  and suggested 
t h a t  l e s s - i d e a l i z e d  models a r e  necessary.  More r e c e n t l y ,  s e v e r a l  
a n a l y t i c a l  s o l u t i o n s  have been obta ined  f o r  microwave b r i g h t n e s s  tem- 
p e r a t u r e s  d i r e c t l y ,  rather t h a n  f o r  t h e i r  lowest Four i e r  harmonics. 
Such e x a c t  s o l u t i o n s  a r e  necessary t o  i n t e r p r e t  i n c r e a s i n g l y  r e f i n e d  
m i l l i m e t e r  wave observa t ions .  Using Four i e r  techniques ,  Muncey 
(1958, 1963) has  de r ived  both i n f r a r e d  and microwave temperatures  f o r  
t h e  case of  thermal  p r o p e r t i e s  l i n e a r l y  dependent on temperature  i n  a 
homogeneous medium wi th  a plane boundary. Copeland (1965) has obta ined  
a n a l y t i c a l  express ions  f o r  t h e  microwave r a d i a t i o n  from a two-layer 
model wi th  temperature-independent thermal  p r o p e r t i e s .  Also us ing  

Laplace t ransform techniques ,  Bhatnagar (1965) has  so lved  t h e  problem, 
i n c l u d i n g  r a d i a t i v e  conduc t iv i ty ,  f o r  a m a t e r i a l  whose d e n s i t y  i s  a l -  
lowed t o  vary smoothly wi th  depth.  Unfor tuna te ly ,  t h e  complexity of 
t h e s e  s o l u t i o n s  f o r  t h e  s imple cases under cons ide ra t ion  s t r o n g l y  sug- 
g e s t s  t h a t  f o r  more r e a l i s t i c  geometrical  s t r u c t u r e s  and temperature-  
dependent thermal  p r o p e r t i e s ,  inc luding  t h e  s imula t ion  of r a d i a t i v e  
t r a n s f e r  i n  t h e  medium, t h i s  problem may no t  be amenable t o  a n a l y t i c a l  
s o l u t i o n .  
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Rewriting t h e  h e a t  conduction equat ion  i n  terms of f i n i t e  

d i f f e r e n c e s  permi ts  numerical  s o l u t i o n s  o f  a much l a r g e r  class of  
problems. These problems inc lude  c a l c u l a t i o n s  of i n f r a r e d  b r i g h t n e s s  
temperatures  on t h e  basis  of  two-layer models by Jaege r  and Harper 
(1950) , models wi th  temperature-dependent thermal  p r o p e r t i e s  by Watson 
( 1 9 6 1 ) ,  and models i nc lud ing  both complicat ions by Ingrao,  Young and 

Linsky ( 1 9 6 5 )  . * 

I d e a l l y ,  one d e s i r e s  a computing scheme which p r e d i c t s  bo th  
i n f r a r e d  and microwave b r i g h t n e s s  tempera tures  dur ing  an e c l i p s e  and a 
luna t ion  f o r  p o s t u l a t e d  l u n a r  m a t e r i a l s  wi th  a r b i t r a r i l y  temperature- 
and depth-dependent thermal  and e l ec t r i c  p r o p e r t i e s .  Such a scheme 
must be numerical ,  b u t  should n o t  be unnecessar i ly  l i m i t e d  by e i t h e r  
t h e  approximations inhe ren t  i n  t h e  f i n i t e n e s s  of t h e  d i f f e r e n c e s  o r  by 
t h e  a n a l y t i c a l  r ep resen ta t ions  of t h e  mater ia l  parameters  allowed. I n  
a d d i t i o n ,  i f  t h i s  computing scheme c l o s e l y  s imula t e s  t h e  a c t u a l  
phys i ca l  s i t u a t i o n  , one could r e a d i l y  a l t e r  t h e  r e p r e s e n t a t i o n  of 
t h e s e  parameters and t h e  boundary cond i t ions  imposed. Thus t h e  a b i l i t y  
t o  adequately so lve  more r e f ined  luna r  conduction problems would be 
l i m i t e d  by the  s u i t a b i l i t y  o f  t h e  model i t s e l f ,  and n o t  by t h e  d i f -  
f i c u l t y  of  devis ing  a new numerical s o l u t i o n .  

The p resen t  scheme, a g e n e r a l i z a t i o n  of t h a t  used i n  Paper I ,  

is an a t t e m p t  t o  i nco rpora t e  each of  t h e s e  f e a t u r e s  wi th  a minimum 
waste of computation t i m e .  The scheme has  been w r i t t e n  i n  FORTRAN 11, 

which, wi th  c e r t a i n  nonstandard subrou t ines  as noted  below, should be 

compatible with any IBM 7090 o r  7 0 9 4  system. W e  w i l l  d e sc r ibe  how 
each p a r t  of t h e  program ope ra t e s  and w i l l  n o t e  t h e  mod i f i ca t ions  t h a t  
can be made t o  t ake  i n t o  account o t h e r  forms of  energy t r a n s p o r t  o r  
d i f f e r e n t  r ep resen ta t ions  of t h e  thermal o r  e l ec t romagne t i c  p r o p e r t i e s .  

* 
Herea f t e r  r e f e r r e d  t o  a s  Paper  I. 
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11. BASIC EQUATIONS 

With t h e  assumption of a p l ane -pa ra l l e l  geometry, t h e  hea t  
conduction equat ion  i s  of t h e  form: 

where x = depth beneath t h e  su r face  
T = abso lu te  temperature  

p = d e n s i t y  
c (x ,T)  = s p e c i f i c  h e a t  
k (x ,T)  = thermal  conduct iv i ty  
Q ( x , t )  = source  term 

The source  term Q ( x , t )  could arise from absorbed s o l a r  r a d i a t i o n  i n  
a p a r t i a l l y  t r a n s p a r e n t  medium, a s  considered by Buet tner  (19631, 
o r  from r a d i o a c t i v e  decay. Eq. (1) may be w r i t t e n  i n  terms of 
f i n i t e  d i f f e r e n c e s  as 

[ir(x,T) 7 Ax - [ k ( X , T )  7 ax X-- Ax 
ax x+- 

+ Q ( x , t )  
aT 2 2 

a t  AX 

~ C ( X , T )  - = 

In  t h i s  program t h e  medium is d iv ided  i n t o  s i x  l a y e r s ,  
each c o n s i s t i n g  of an a r b i t r a r y  number of  sub laye r s  o r  depth in t eg ra -  
t i o n  s t e p s .  A cont inuous depth dependence of p ~ ( x , T )  and k(x ,T)  
may be approximated by spec i fy ing  t h e i r  va lues  o r  t h e i r  parameters  
i n  t h e s e  s i x  o r  more l a y e r s .  One may s p e c i f y  d i f f e r e n t  va lues  of 
t h e  depth i n t e g r a t i o n  s t e p  Ax i n  each l a y e r  t o  allow, f o r  example, a 
more a c c u r a t e  r e p r e s e n t a t i o n  of t h e  temperature d i s t r i b u t i o n  nea r  t h e  

s u r f a c e  where l a r g e  temperature  g rad ien t s  e x i s t .  
two l a y e r s  w e  t a k e  such changes of the i n t e g r a t i o n  s t e p  i n t o  account.  

A t  t he  boundary of 

The program cons ide r s  e x p l i c i t l y  t h r e e  models of t h e  l u n a r  
s u r f a c e  m a t e r i a l ,  i n  each of which Q ( x , t )  i s  assumed t o  be zero.  
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Mode 1 1 Temperature-independen t p r o p e r t i e s  

c(x,T) = c ( x )  
k(x,T)  = k ( x )  

Model 2 Radiat ive conduc t iv i ty  included 
c(x,T) = C ( X )  

k(x,T)  = k ( x )  + 4 FMuT 
3 

( x ) s ( x )  

where FM and s (x )  , as def ined  more f u l l y  i n  Paper I, a r e  t h e  r a d i a n t  
i n f r a r e d  emis s iv i ty  and effective mean spac ing  of r a d i a t i n g  s u r f a c e s .  

Model 3 Linear ly  temperature-dependent p r o p e r t i e s  
c(x,T) = cO(x)T  
k(x,T)  = kO(x)T 

Using forward and c e n t r a l  d i f f e r e n c e s  and w r i t i n g  t h e  temperature  a t  

a t i m e  n (At )  and depth m(Ax) a s  Tn m' 
equa t ion  i n  a l a y e r  a s  fol lows:  

one may w r i t e  t h e  h e a t  conduc t iv i ty  

Models 1 and 2 
r 

2 

where 

Model 3 

where  
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A t  t h e  boundary of  two l a y e r s ,  L and L + 1 ,  Eq. ( 2 )  may be w r i t t e n  as: 

Models 1 and 2 

- 

whe re 

+ T,”-’13 n-1 
Tm+ 1 

2 

n-1 n - i  
TIn+l - Tm 

Model 3 

where 

Other r e p r e s e n t a t i o n s  of c (x ,T)  and k ( x , T ) ,  f o r  example, by a power 

series i n  T o r  a t a b u l a r  set of values, and t h e  i n c l u s i o n  of source 

terms, may b e  r e a d i l y  accomplished by i n s e r t i n g  d i f f e r e n c e  e q u a t i o n s  
s i m i l a r  t o  ( 3 ) ,  ( 4 ) ,  (S), and (6) i n  sub rou t ine  EXTRA. In  a d d i t i o n ,  
h e a t  c o n d u c t i v i t y  equa t ions  f o r  d i f f e r e n t  geometr ies ,  such as 
s p h e r i c a l  geometry, can be taken i n t o  cons ide ra t ion  i n  t h i s  manner. 
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The s u r f a c e  boundary condi t ion  a t  a p o s i t i o n  on t h e  l u n a r  

s u r f  ace w i t h  r ec t angu la r  coord ina te s  ( 5 , q) may be w r i t t e n :  

where t h e  i n s o l a t i o n  1 ( 5 , n , t )  , when t h e  Sun i s  above t h e  horizon, i s  

I ( S , n , t )  = f ( t ) a T S  - 5  s i n  * + 1- r l  -5 cos - [ P ( 2[ l:Tl ' 
and 

where % = bolometr ic  e m i s s i v i t y  computed from t h e  bolometr ic  
a lbedo Ab f o r  s o l a r  i r r a d i a n c e  

P = synodic  pe r iod  of r evo lu t ion  
TS = t h e o r e t i c a l  s u b s o l a r  p o i n t  tempera ture ,  

(assuming no h e a t  conducted inward) 
f ( t)  = reduct ion  i n  i n s o l a t i o n  dur ing  penumbral e c l i p s e  

I n  computing t h e  s u r f a c e  temperature  T Newton's method 
0' 

i s  used t o  so lve  t h e  equat ions :  

Models 1 and 2 

Model 3 
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A s  i n  t h e  case  of t h e  above h e a t  conduct iv i ty  e q u a t i o n s ,  k (x ,T)  can 
be inc luded  by w r i t i n g  t h e  corresponding d i f f e r e n c e  equa t ions  i n  
subrout ine  EXTRA. One could a l s o  cons ider  a rough s u r f a c e  i n  a 
s t a t i s t i c a l  manner he re .  A s  a lower boundary cond i t ion  w e  have as- 
sumed t h e  temperature  t o  be a cons t an t ,  b u t  a cons t an t - f lux  lower 
boundary condi t ion  can be s p e c i f i e d  by hold ing  t h e  tempera tures  
cons t an t  a t  t h e  t w o  lowest depths .  

Radio b r i g h t n e s s  temperatures  TB (t) a r e  eva lua ted  from t h e  
temperature  d i s t r i b u t i o n s  T ( x  , t) i n  the  Rayleigh-Jeans approximation 
by t h e  equat ion  

-ax sec 0 
dx i n  T S ( t )  = (1 -R)  T ( x , t ) e  

sec Q~~ 1 -ax max + T(xmax , t ) e  I (11) 

where R = F r e s n e l  r e f l e c t i o n  l o s s  
a = e lec t romagne t i c  absorp t ion  c o e f f i c i e n t ;  

t h e  assumed form o f ,  a ,  i s  

wi th  a. and p ,  parameters .  
ray l eav ing  t h e  s u r f a c e  a t  t h e  obse rve r ' s  z e n i t h  angle  0 ,  i s  
obta ined  from t h e  index r e f r a c t i o n ,  n ,  by use  of S n e l l ' s  l a w  

Qin, t h e  angle from t h e  normal f o r  a 

s i n 0  = n s i n Q  (13) i n  

Assuming n e g l i g i b l e  permeabi l i ty  and homogeneity of t h e  l u n a r  s u r f a c e  
m a t e r i a l ,  t h e  F resne l  r e f l e c t i o n  l o s s  a t  t h e  s u r f a c e  f o r  nonpolar ized 
r a d i a t i o n  i s  given by 

Evalua t ion  of  T (t) fo r  a s t a t i s t i c a l  d i s t r i b u t i o n  of slopes and t h e  
e v a l u a t i o n  of i t s  n e t  p o l a r i z a t i o n  could be done by modifying t h i s  
b a s i c  computation procedure.  

B 
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111. COMPUTING PROCEDURE 

The s o l u t i o n  of Eqs.(,3) - (10) t o  o b t a i n  t h e  temperature  
d i s t r i b u t i o n  T ( x , t )  dur ing  an e c l i p s e  i s  performed by t h e  MAIN 

Program, and dur ing  a luna t ion  by subrout ine MONTH. I n  a d d i t i o n ,  
t h e  sub rou t ines  SOLUX, STATIC, EXTRA and NOCAL a r e  c a l l e d  by t h e s e  
programs t o  perform s p e c i f i c  ope ra t ions .  The non-standard f e a t u r e s ,  
sub rou t ines  HYPLOT, ICE3, and G I O H ,  t he  REREAD ve r s ion  of (TSH) and 
t h e  func t ion  FRENCH, w i l l  be d iscussed  below. 

A. M A I N  Program 

This  program computes su r f  ace tempera tures  and temperature  
d i s t r i b u t i o n s  beneath the  s u r f a c e  during an e c l i p s e ,  and serves a s  a 
c e n t r a l - c o n t r o l  rou t ine  which reads i n  most of t h e  d a t a  and supe rv i se s  
t h e  l o g i c a l  flow of computation. I f  one wishes t o  compute temperatures  
based on an assumed temperature  d i s t r i b u t i o n  beneath the  s u r f a c e  p r i o r  
t o  e c l i p s e ,  one can read i n  t h e s e  temperatures  U ( I , l ) ,  f o r  each depth 
i n t e g r a t i o n  s t e p  I by means of t h e  TEMPERATURES ca rd  desc r ibed  below. 
In  g e n e r a l ,  one does n o t  know w h a t  i n i t i a l  temperature  d i s t r i b u t i o n  i s  
a p p r o p r i a t e ,  and e r r o r s  of 5'K o r  more may occur  i n  t h e  s u r f a c e  tempera- 
t u r e  dur ing  e c l i p s e ,  e s p e c i a l l y  f o r  m u l t i l a y e r  models. Thus one should 
a l low t h e  assumed i n i t i a l  temperature d i s t r i b u t i o n  t o  r e l a x  over  t h e  
course of a complete luna t ion  and should use t h e  r e s u l t i n g  temperature  
d i s t r i b u t i o n  a s  t h e  p re -ec l ip se  d i s t r i b u t i o n .  This  may be done auto- 
m a t i c a l l y  by p u t t i n g  NMONTH = 1, 2 ,  o r  3 and NECLIP = 1 on t h e  CONTROL 

ca rd  desc r ibed  below. 

The M A I N  program i n i t i a l l y  reads  i n  a l l  t h e  d a t a  it w i l l  use ,  
a s  w e l l  a s  reading  i n  a l l  o r  p a r t  of t h e  d a t a  used by subrou t ines  MONTH, 

NOCAL, and STATIC. I t  then switches c o n t r o l  t o  subrou t ine  MONTH i f  a 
number of l u n a t i o n s  a r e  t o  be s imulated f i r s t  and assumes t h a t  t h e  l a s t  
t empera ture  d i s t r i b u t i o n  computed t h e r e  i s  t h e  appropr i a t e  pre-ec l ipse  
d i s t r i b u t i o n .  The p re -ec l ip se  i n s o l a t i o n  i s  computed from t h e  l o c a l  
s o l a r  z e n i t h  angle  and from t h e  value of t h e  assumed t h e o r e t i c a l  e q u i l i -  
brium blackbody-temperature (TEMAX) read  i n  by subrou t ine  MONTH. This  
i r r a d i a n c e  i s  reduced dur ing  penumbral e c l i p s e  by t h e  f a c t o r  f ( t )  
computed by subrou t ine  SOLUX f o r  the end of each i n t e g r a t i o n  s t e p .  

For each t i m e  i n t e g r a t i o n  s t e p  N ,  t h e  temperature  a t  a depth 
M ,  U ( M , N ) ,  i s  computed f i r s t  i n s i d e  each l a y e r  according t o  E q s . ( 3 ) ,  ( 4 1 ,  

o r  an analogous equat ion  i n  subrout ine  EXTRA. A t  each i n t e r l a y e r  
boundary depth K ,  U ( K , N )  i s  computed from E q s . ( 5 ) ,  (61, o r  s u b s t i t u t e  i n  
EXTRA. This  process  i s  then continued throughout  t h e  penumbral and umbral 
phases  of e c l i p s e  and as  f a r  i n t o  t h e  succeeding penumbral and pos t -  
e c l i p s e  phases as  i s  s p e c i f i e d .  A t  c e r t a i n  i n t e r v a l s  of e l apsed  
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t i m e ,  determined by t h e  value of TECLIP read i n  by subrou t ine  STATIC, 

c o n t r o l  i s  swi tched  t o  STATIC f o r  t h e  eva lua t ion  of r a d i o  b r i g h t n e s s  
tempera tures ,  us ing  t h e  p r e s e n t  temperature  d i s t r i b u t i o n  f o r  T ( x , t )  i n  
Eq. (11). I f ,  fo r  t h e  thermal  parameters and va lues  of A t  and Ax used, 
t h e  d i f f e rence  equa t ions  become uns t ab le  , t h e  program au tomat i ca l ly  
decreases  the  value of A t  and r e s t a r t s  t h e  e c l i p s e  s imula t ion .  

F i n a l l y ,  t he  program computes s u r f a c e  b r i g h t n e s s  temperatures  
f o r  each f i v e  minutes of e l apsed  t i m e ,  us ing  subrou t ine  NOCAL; computes, 
every  t h i r t y  minutes ,  t he  r a t i o  of t h e s e  s u r f a c e  tempera tures  and t h e  
temperature  d i s t r i b u t i o n  t o  t h e  p re -ec l ip se  s u r f a c e  temperature;  and 
p l o t s  o u t  and p r i n t s  a l l  t h e s e  r e s u l t s .  

To process  e f f i c i e n t l y  t h e  many k inds  of d a t a  needed by t h i s  
program, w e  have used t h e  card  rescanning f e a t u r e  of t h e  REREAD ve r s ion  
of subrout ine  (TSH) and t h e  f r e e - f i e l d  G-type format of subrout ine  
H U G I O H .  The manner i n  which a ca rd  i s  t o  be read  and the  k ind  of  d a t a  
expected i s  determined by t h e  f i r s t  s i x  let ters of a code word a t  t h e  
beginning of t he  card.  These ca rds  need n o t  be used i n  any s p e c i a l  
o r d e r ,  except  t h a t  t h e  CONTROL ca rd  must be l a s t .  when no ca rd  i s  
read  i n ,  previous d a t a  a r e  assumed. For each card  o r  group of c a r d s ,  
w e  inc lude  the code word, i t s  meaning, and t h e  d a t a  expected on t h e  
ca rd ,  i n  t h a t  o rde r .  

CODE WORD 

1. POSITION -- 
ETA -- 

X I  -- 
2 .  ECLIPSE -- 

E -- 

EBOL -- 
TOE -- 

TIME -- 

PEN -- 

Spec i f i ed  p o s i t i o n  on l u n a r  s u r f a c e  
Rectangular  North-South coord ina te  
Rectangular  E a s  t - W e s t  coo rd ina te  
Photometr ic  d a t a  and circumstances of e c l i p s e  
Mean i n f r a r e d  e m i s s i v i t y  n e a r  wavelength of  
maximum emission 
Bolometric e m i s s i v i t y  f o r  s o l a r  i r r a d i a n c e  
Duration of penumbral e c l i p s e  i n  seconds a t  (F , r l )  

T o t a l  d u r a t i o n  of  penumbral and umbral e c l i p s e  
i n  seconds a t  ( ~ , r l )  

T i m e  p a s t  end of umbral phase i n  u n i t s  of  TOE t o  
cont inue computation 
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3. THERMAL -- 

LAYER -- 

BV -- 
BR -- 
BC -- 

RAT -- 

MODEL -- 

Note : 

4. GAMMAS -- 

LAYER, RAT, MODEL -- 
GA -- 

DEPTHS -- 
J(1) -- 

5. 

X ( 1 )  -- 

U ( 1 ,  1) -- 
6. TEMPERATURES 

7. REDUCE -- 

8. CONTROL -- 

Spe c i  f i c a t i o n  of t h e  m a l  p r o p e r t i e s  
Data on t h i s  card p e r t a i n  t o  t h i s  and a l l  lower 
1 aye rs 
Conduct ivi ty  ( c a l  cm-loK-lsec-l) 
Density (gm ~ m - ~ )  
S p e c i f i c  h e a t  ( c a l  9m-30K-1) 
Rat io  of r a d i a t i v e  t o  conductive f l u x  a t  350'K. 
This  is  used to determine value of s ( x )  
Model number. I f  MODEL = 4 ,  5 ,  6, o r  7 ,  then  
MAIN and MONTH w i l l  use  equat ions  i n  sub rou t ine  

EXTRA. 

I f  t h e s e  parameters a r e  t o  vary with depth ,  
s e v e r a l  cards  a r e  needed, one f o r  each l a y e r  o r  
ad jacen t  l aye r s  w i th  t h e  same parameters .  These 
cards  must be i n  descending o r d e r  according t o  
depth.  
A l t e r n a t i v e  method of s p e c i  fy ing  thermal  
p r o p e r t i e s  s u b j e c t  t o  t h e  same cond i t ions  as i n  

x r e  

Same a s  before .  
Thermal parameter (Kpc) 
( c a l - I  cm2 O K  see-%) 

-3 (assuming p = 1 gm c m  
Depth i n t e g r a t i o n  d a t a  
Cumulative number of i n t e g r a t i o n  s t e p s  a t  t h e  
base of the  L t h  l a y e r  (The s u r f a c e  i s  s t e p  1.) 
Length of i n t e g r a t i o n  s t e p s  i n  L th  l a y e r  ( c m ) .  

-4 

and c = 0 . 2  c a l  g ~ n - ~ ' K - l )  

I n i t i a l  temperature d i s t r i b u t i o n  i f  e c l i p s e  
c a l c u l a t i o n  i s  t o  be performed immediately.  
Ten temperatures  p e r  card i n  descending o r d e r  of 
depth a r e  expected. The s u r f a c e  i s  des igna ted  
by I = 1. 
Data r equ i r ed  by subrout ine  NOCAL descr ibed  

be low. 
This  card  i n i t i a t e s  computations of e c l i p s e  o r  
lun  a t  ion  t empe r a t  ure  d i  s t ri b u t  i on  s . 
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These code symbols have t h e  fo l lowing  meanings: 
NMONTH = 0 No luna t ion .  

= 1 Lunation done a f t e r  reading  i n  i n i t i a l  tempera- 
t u r e  d i s t r i b u t i o n  and o t h e r  d a t a  i n  sub rou t ine  
MONTH. 

= 2 Lunation done using previous i n i t i a l  tempera- 
t u r e  d i s t r i b u t i o n .  

= 3 Lunations done us ing  temperature  d i s t r i b u t i o n  
a t  end of previous luna t ion  computation. 

NECLIP = 0 No e c l i p s e  
= 1 Simulate an e c l i p s e  a f t e r  temperature  d i s t r i b u t i o n  

c 

i s  r e l axed  dur ing  a luna t ion  i f  c a l l e d  f o r .  

LRADIO = 0 No microwave b r i g h t n e s s  temperatures  c a l c u l a t e d .  
= 1 Calcu la t e  microwave b r igh tness  temperatures  

assuming u n i t  microwave e m i s s i v i t y .  
= 2 (Subrout ine STATIC c a l l e d )  Compute microwave 

b r igh tness  temperatures  us ing  previous  e l e c t r o -  
magnetic absorp t ion  parameters .  

NSOLUX = 0 Expect penumbral e c l i p s e  d a t a  i n  sub rou t ine  SOLUX. 
= 2 Don't expec t  t h i s  d a t a .  

T = T i m e  i n t e g r a t i o n  s t e p  ( A t )  i n  seconds f o r  t h e  
M A I N  Program. 

TMONTH = T i m e  i n t e g r a t i o n  s t e p  ( A t )  i n  seconds f o r  sub- 
rou t ine  MONTH. 

B .  Subroutine MONTH 

This  subrout ine  performs t h e  same k ind  of c a l c u l a t i o n s  a s  t h e  
M A I N  Program except  wi th  t h e  i n s o l a t i o n  computed f o r  t h e  l u n a r  s u r f a c e  
f e a t u r e  considered f o r  d i f f e r e n t  t i m e s  du r ing  a month according t o  
Eq. (8). I f  t h e  value of NMONTH i s  1, t h i s  sub rou t ine  reads  i n  t w o  sets 
of d a t a  i n  t h i s  o rde r :  

1. TOL -- Duration of a month i n  u n i t s  of  a synodic  month. 
(This  a l lows f o r  a p p l i c a t i o n  t o  o t h e r  p l a n e t s  
o r  s a t e l l i t e s  r o t a t i n g  wi th  d i f f e r e n t  pe r iods  . I  

TIME -- Duration of i n t e g r a t i o n  i n  u n i t s  o f  a synodic  
month. 

TEMAX -- The value of TS i n  O K  i n  Eq. ( 8 )  . 
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2 .  U B E G ( 1 )  -- I n i t i a l  temperature  d i s t r i b u t i o n  i n  o r d e r  of  

i n c r e a s i n g  depth wi th  t e n  temperatures  p e r  
card .  

A f t e r  a few checks t o  see whether t h e  d a t a  are reasonable  
and t h a t  t h e  computations w i l l  n o t  be implausibly long,  t h i s  subrout ine  
uses  t h e  i n i t i a l  temperature  d i s t r i b u t i o n  and t h e  d a t a  read i n  by MAIN 

f o r  t h e  de te rmina t ion  of  subsequent sur face  temperatures  and i n t e r n a l  
temperature  d i s t r i b u t i o n s .  P e r i o d i c a l l y ,  it a l s o  checks t o  see whether 
t h e  equa t ions  are s t a b l e ;  i f  they  are n o t ,  it restarts t h e s e  computa- 
t i o n s  wi th  a smaller value o f  A t .  The i n t e g r a t i o n  i n  Eq. (11) f o r  micro- 
wave temperatures  i s  eva lua ted  a t  i n t e r v a l s  s p e c i f i e d  by t h e  value o f  
TIMER computed i n  subrout ine  STATIC. Every s i x  hours it p r i n t s  o u t  t h e  
temperature  d i s t r i b u t i o n  as w e l l  as  the  l o c a l  zen i th  angle  of  t h e  Sun,  

t h e  s u r f a c e  b r i g h t n e s s  temperature ,  the  e l apsed  t i m e  i n  hours ,  and t h e  
number of hours  i n  darkness  dur ing  n ight t ime.  A s  f u r t h e r  ou tpu t ,  t h e  
program p l o t s  t h e  i n t e r v a l  temperature  d i s t r i b u t i o n  every two days.  

C. Subrout ine STATIC 

This  subrout ine  performs t h e  i n t e g r a l  i n  E q .  (11) each t i m e  
it i s  c a l l e d ,  f o r  s e v e r a l  wavelengths and f o r  s e v e r a l  va lues  of  t h e  
e l ec t romagne t i c  absorp t ion  c o e f f i c i e n t  parameters .  These d a t a  are read  
i n  when STATIC i s  f i r s t  c a l l e d  by t h e  MAIN Program, i f  LRADIO = 1, by 
two groups of  cards .  Each of t h e s e  cards  conta ins  d a t a  f o r  one case. 

ABS -- Value of a i n  E q .  ( 1 2 )  (cm- ' ) .  
1. FRACT -- Index of re f r a c t i o n .  

0 
POWER -- Exponent of the wavelength dependence 

of t h e  absorp t ion  c o e f f i c i e n t .  
2 .  TMON -- I n t e r v a l  of days dur ing  a luna t ion  a t  which 

STATIC i s  ca l l ed .  
WAVE -- Microwave wavelengths ( c m )  f o r  eva lua t ion  of 

Eq. (11). Up t o  f i v e  wavelengths may be spec i -  
f i e d .  In  t h i s  sub rou t ine ,  r e f l e c t i o n s  a t  t h e  
l a y e r  i n t e r f a c e s  are ignored.  
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The i n t e g r a l  i s  performed by t h e  SHARE d i s t r i b u t e d  subrou t ine  
ICE3, u s ing  p a r a b o l i c  i n t e r p o l a t i o n s  of t h e  p r e s e n t  temperature  
d i s t r i b u t i o n  U ( M , N )  by func t ion  FRENCH. Near i n t e r l a y e r  boundaries  
l i n e a r  i n t e r p o l a t i o n s  are used t o  a l low f o r  l a r g e  changes i n  t h e  depth 
i n t e g r a t i o n  s t e p .  A f t e r  a f u l l  l una t ion  has  been s imula ted ,  t h e  sub- 
r o u t i n e  does a least  squares  a n a l y s i s  of  t h e  r e s u l t i n g  b r i g h t n e s s  tempera- 
t u r e s ,  ob ta in ing  t h e  m e a n  temperatures  ?FB, ampli tudes of  t h e  f i r s t  
harmonic A ,  and phase l a g s  0 re lat ive t o  i n s o l a t i o n ,  i n  t h e  equat ion  

D.  Subroutine SOLUX 

SOLUX computes va lues  of f ( t ) ,  t h e  f r a c t i o n a l  i n s o l a t i o n  
dur ing  t h e  penumbral e c l i p s e ,  by cons ider ing  t h e  geometr ical  area of t h e  
Sun occul ted  by t h e  Moon and s o l a r  limb darkening.  The l a t t e r  d a t a  are 
read i n  as up t o  t e n  c o e f f i c i e n t s  i n  t h e  power series 

i= 1 

where a i s  t h e  zen i th  angle  of  t h e  Moon a t  a p o i n t  on t h e  Sun, and 
t h e  parameters ,  A,  a r e  least  square c o e f f i c i e n t s  t o  limb darkening 
d a t a  I ( a )  . W e  have used t h e  va lues  of I (a) a t  6000 A t a b u l a t e d  by 

0 

Allen (1963).  

E .  Subroutine EXTRA 

Al te rna t ive  ve r s ions  of  t h e  conduc - i v i t y  equa t ions  and 
su r face  boundary cond i t ions  w i l l  be used by t h e  M A I N  Program and by 
MONTH i f  added t o  t h i s  subrout ine  and t h e  code symbol MODEL has  t h e  
value 4 ,  5 ,  6, o r  7. Up t o  fou r  such sets of  equa t ions  can be 
included.  



-14- 

F. Subrout ine NOCAL 

T h i s  subrout ine  reduces surf  ace temperatures  t o  b r i g h t n e s s  
temperatures  corresponding t o  a decrease i n  t h e  e m i t t e d  f l u x  by the  

f a c t o r  ( l -FM).  To do t h i s ,  t h e  d a t a  needed and read i n  by the  M A I N  

Program c o n s i s t  of a number of blackbody s u r f a c e  temperatures  DTDS, 
p e r  one-percent decrease i n  i r r ad iance  d e t e c t e d  i n  t h e  i n f r a r e d  
s p e c t r a l  i n t e r v a l  under cons idera t ion .  
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I V .  NON-STANDARD FEATURES I N  THE PROGRAM 

A. HUGIOH 

A SHARE D i s t r i b u t i o n  Agency subrou t ine  (number 33301, w r i t t e n  
by D r .  Owen Gingerich of t h e  Smithsonian Ast rophys ica l  Observatory,  
r e v i s e s  t h e  r e g u l a r  vers ion  of t h e  system l i b r a r y  r o u t i n e  I O H  t o  inc lude  
a f r e e - f i e l d  G-format. In  t h i s  format, numerical  d a t a  are read  i n  
e i t h e r  as exponen t i a l ,  f i x e d ,  o r  f loa t ing -po in t  numbers as s p e c i f i e d  by 
t h e  v a r i a b l e  name, and a l p h a b e t i c  cha rac t e r s  a r e  ignored.  A t  l eas t  one 
blank space must s e p a r a t e  one datum from another .  

B. REREAD Version of  (TSH) 

This  SHARE D i s t r i b u t i o n  Agency subrou t ine  (number 14971, a l s o  
w r i t t e n  by D r .  Gingerich,  permi ts  t h e  mul t ip l e  reading  of d a t a  cards .  
Logica l ly  equ iva len t  t o  t h e  s ta tement  BACKSPACE N ,  where N is t h e  inpu t  
t ape  number, t h i s  subrout ine  s t o r e s  t h e  image of  t h e  d a t a  card  i m -  
IQI rescanning by t h e  

nex t  READ INPUT TAPE s ta tement .  One may use t h e  s t anda rd  vers ion  of t h e  
system l i b r a r y  subrout ine  (TSH) i n  the  M A I N  program by p l ac ing  t h e  code 
word on one ca rd  and t h e  d a t a  on t h e  subsequent one. 

C.  ICE3 

This  SHARE D i s t r i b u t i o n  Agency subrou t ine  (number 4 1 1 )  

i n t e g r a t e s  an a n a l y t i c a l  express ion  o r  t a b u l a r  s e t  o f  d a t a  us ing  a 
v a r i a b l e  i n t e g r a t i o n  s tep  t o  keep e x t r a p o l a t i o n  e r r o r s  w i th in  s p e c i f i e d  
l i m i t s .  

D. HYPLOT 

This  i s  a graph-p lo t t ing  subrout ine w r i t t e n  by D r .  Andrew T .  

Young of Harvard College Observatory.  Entry p o i n t s  are SET, LIMITS, 
REMARK, HOLLER, POINTS, G R I D ,  and GRAF". Copies o f  HYPLOT and FRENCH 
are a v a i l a b l e  upon reques t  from J e f f r e y  L .  Linsky. 

E .  FRENCH 

The func t ion  FRENCH, also w r i t t e n  by D r .  Young, performs 
p a r a b o l i c  i n t e r p o l a t i o n  t o  a t a b u l a r  se t  of  da t a .  
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V. THE PROGRAMS 

These programs have been thoroughly t e s t e d  by the  au thor  f o r  
t h e  cond i t ions  appropr i a t e  t o  t h e  l una r  s u r f a c e  and using t h e  t h r e e  
models e x p l i c i t l y  desc r ibed  above. 

A l i s t i n g  of  each of t hese  programs and a t y p i c a l  set of d a t a  
ca rds  a r e  inc luded  i n  the  Appendix. 
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APPENDIX 
PROGRAM L I S T I N G  

C E C L I P  E C L I P S E  I I I P  M A I N  PROGRAM J U L Y  1 9 , 1 9 6 5  
C NEED S U B R O U T I N E S  MONTH,SOLUX,HYPLOT, ICE3 ,FRENCH,STATIC ,EXTRA,NOCAL 

COMMON S C A L E , D E P T H , E , A I B , A A , B B , X , V I R , C I S I J , J A I J ~ ~ A A A ~ E B O L , T E M A X  
D I M E N S I O N  U ~ 4 2 ~ 2 2 ~ ~ X ~ 1 ~ ~ ~ V ~ 1 ~ ~ ~ R ~ l ~ ~ ~ C ~ l O ~ ~ J ~ l O ~ ~ J A ~ l O ~ ~ J B ~ l O ~  
D I M E N S I O N  A ( L 3 ) , B ( 1 0 ) , U I N ( 3 0 ) , P B ( 3 0 0 0 ) r S C A L E ( 6 0 )  
D I M E N S I O N  ZM(lU3)~SURTEM(1UO),FRACT(lOO~~STROM~lOO) 
D I M E N S I O N  D E P T H ( 3 0 ) , S ( l O ) , A A ( l O ) , B B ( 1 0 )  
D I M E N S I O N  G A M ( ~ ) ~ G A M ~ ( ~ ) v D I F ( ~ ) , D I F ~ ( ~ )  
D I M E N S I O N  A A A ( l 0 ) r  R A T I O ( l O ) , D E C O D € ( 2 0 ) , F R A C ( 4 2 )  
DECODE 
DECODE 
DECODE 
DECODE 
DECODE 
DECODE 
DECODE 
DECODE 
N 5 = 5  
N 6 = 6  

1 ) = 6 H P O S I T I  
2 ) = 6 H E C L I P S  
3 1 =6HTHE,RMA 
4 1 =6HGAMMAS 
5 ) = 6 H D E P T H S  
6 1 =6HTEMPER 
7 ) = 6 H C O N T R O  
8 1 =6HREDUCE 

5 6  DO 5 5  I = 1 9 6 0  
5 5  S C A L E (  I ) = 1 H  

S C A L E ( 1 ) = 4 H l O O K  
S C A L E ( 1 1 ) = 4 H 1 5 0 K  
S C A L E ( 2 1 ) = 4 H 2 0 0 K  
S C A L E ( 3 1 ) = 4 H 2 5 O K  
S C A L E ( 4 1 ) = 4 H 3 0 0 K  
S C  A L t 2 1 I - 4H% 0 K 

c 

C 
2 0 0  
2 1 0  

2 1 3  

2 12 

2 1 5  

C 
2 7 0  

c 
C 
2 2 0  

C 
C 

2 2  1 

2 2 2  

c 

S C A L E ( 6 0 ) = 4 H 3 9 5 K  
C U B E = 3 5 0 * * * 3  
SB=STEPHAN-BOLTZMANN CONST. I N  C A L / ( ( C M * * 2 ) * ( D E G K * * 4 ) * S E C )  
S B = 1  e 3 7 E - 1 2  
I N P U T  OF D A T A  BETWEEN 2 0 0  AND 2 6 0  
READ I N P U T  T A P E N 5 , Z l O v C O D E  
F O R M A T ( A 6 )  
DO 2 1 2  1 ~ 1 9 8  
I F ( C O D E - D E C O D E ( 1 )  1 2 1 2 , 2 1 3 , 2 1 2  
C A L L  REREAD 
GO TO (220t225,4,230,250,61,260,270),1 
C O N T I N U E  
W R I T E  OUTPUT T A P E N 6 r 2 1 5 r C O D E  
F O R M A T ( 1 3 H I L L E G A L  C O D E 9 A 6 )  
GO TO 2 0 0  
CONTROL CARD S T A R T S  THE WORKS G O I N G  
C A L L  NOCAL(DUM,DUMtDUM,DUM,1) 
GO TO 2 0 0  
P O S I T I O N  CARD E T A  RECTANGULAR N-S AND X I  E-W P O S I T I O N  ON MOON 
NOTE----- SUN R I S E S  I N  THE WEST, I E  X I  P O S I T I V E  
READ I N P U T  TAPEN5,75 ,ETA,X I  
S E L M A = E T A * E T A + X I * X I  
C O S Z = S Q R T F ( l . - S E L M A )  
C O S Z = C O S I N E  OF L O C A L  Z E h I T H  ANGLE I G N O R I N G  L I t 3 R A T I O N S  
AND I N C L I N A T I O N  OF MOON TO E C L I P T I C  
I F  ( S E L P I A )  2 2 1 9 2 2 2 r 2 2 1  
W H E R E = l H  
GO TO 2 0 0  
WHERE= 6HSUBSOL 
GO TO 2 0 0  
T = D E L T A  T, E = E M I S S I V I T Y ,  T O E z D U R A T I O N  OF PEN P H A Z E  I N  SEC. 
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c 
C 
2 2 5  

c 
c 
2 5 0  
3 

1 0 5 2  
1 0 5 1  
1 0 5 0  

C 
c 
C 
C 
2 3 0  

4 
2 

2 3 5  

2 3 2  

7 7 3  

2 3 4  

2 3 6  

6 1  

73 
75 
77 

2 6 0  
6 2  
6 

T I M E z D U R A T I O N  OF PEN+UMBRAL P H A Z E S  I N  SEC. 

READ I N P U T  T A P E Y ~ , ~ ~ , E , E ~ O L I T O E ~ T I M E ~ P E N  
A M O U N T = ( l . - E ) * l O O .  

P E N = T I M E  PAST END OF T O T A L I T Y  I N  U N I T S  O F  TOE TO C A L C U L A T E  FOR 

T T O T A L = T I M E + T O E  
GO TO 200 
J ( 1 )  I s  COMMULATIVE NUidiBER O F  I N T E G R A T I O N  S T E P S  A T  BOTTOM O F  

I T H  LAYER 
READ I N P U T  T A P E N 5 , 3 , ( J ( I ) , I = 1 , 6 )  , ( X (  I ) , I = l t 6 )  
FORMAT ( 1 2 G  1 
J 6 = J  ( 6 )  
D E P T H ( 1 ) ' O .  
L = l  
DO 1 0 5 0  J J z 2 r J 6  
I F ( J J - J ( L ) )  1 0 5 1 ~ 1 0 5 1 ~ 1 0 5 2  
L'L+1 
DEPTH(JJ)=DEPTH(JJ-l)+X(L) 
CONT I NUE 
GO T O  200 
X = T H I C K N E S S  OF EACH S U B L A Y E R ( I N T E G R A T I 0 N  S T E P )  
V = C O N D U C T I V I T Y ,  R z D E N S I T Y ,  C = S P E C I F I C  HEAT,  S 'SEPARATION O F  
R A D I A T I N G  LAYERS I N  CM.,RAT=R4TIO O F  R A D I A T I V E  TO C O N D U C T I V E  
F L U X  AT 3 5 0  DEGREES K 
B R = 1  
BCz.2  
READ I N P U T  T A P E N 5 , 3 , L A Y E R , G A , R A T 9 M O D E L  
B V = l . / ( G A * G 4 * B R * B C )  
GO T O  2 
R E 4 D  I N P U T  T A P E N 5 , 3 r L A Y E R , B V , B R , B C s R A T , M O D E L  
DO 2 3 5  I = L A Y E R , 6  
R A T I O ( I ) = R A T  
V ( I ) = B V  
R (  I ) = B R  
C (  I ) = B C  
S ( I ) = V ( I ) * R A T I O ( I ) / ( 4 . " S B s E + C U B E )  
GO T 0 ( 2 3 2 ~ 2 3 3 , 2 3 4 , 2 3 6 , 2 3 6 , ' 2 3 6 r 2 3 6 ) , M O D E L  
WORDz6HT IND.  
GO T O  200 
WORO=6HR4QI4T  
GO T O  200 
WORD=6HLINEAR 
GO T O  200 
WORD=lH 
GO T O  203 

I F ( J 6 - 1 0 )  72,72973 
READ I N P U T  T A P E N 5 , 7 5 , ( U ( I , Z ) , I = l l , J 6 )  
FORYAT ( 1 0 G  
TEFurPX=II( 1 9 2 )  

GO T O  200 
READ I N P U T  TAPEN5,75~NMONTH,NECLIP~LRADIO,NSOLUX,T,TMONTH 
W R I T E  OUTPUT TAPEN6,6,T,E,EBOL,TOE,TIME 
FORMAT ( 5 6 H l L U N A R  E C L I P S E  PROGRAM V E R S I O N  I I I P  W P I T T E N  BY J. L I N S K  

READ I N P U T  TAPEN5,75,(U(I,2),I'l,lO) 

1 Y /  5 1 H  B A S E D  I N  PART ON AN E A R L I E R  V E R S I O N  BY R. MUNRO/ 
Z l l H O D E L T A  T = , F 5 . 1 / 1 6 H  I R  E M I S S I V I T Y  = F 5 . 3 /  2 5 H  B O L O M E T R I C  E M I S S I  
3 V I T Y  = t F 5 . 3 /  2 6 H  D U R A T I O N  OF PEN. P H A S E  = 9 F6.0, 5 H  SEC. 
4 3 5 H  DURATION O F  PEN. + UMBRAL PHASES =, F6.0)  

WR I T E OUT P U T  T A P EN 6 5 3 E T  A 9 X I 9 WY E R E  COS 2 IvlOD E L  W OR D 
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5 3  FORYAT ( 1 7 H C P O S I T I O N  ON MOON/6HOETA = 9  F 6 0 3 9 5 X 9  4 H X I  =,F6.39 
1 2 X , A 6 , 2 X 9 8 H C O S ( Z )  =,F7.4/8HOMODEL , 1 2 9 5 X ~ A 6 )  

DO 1 2  K = 1 9 6  
I F ( ' A O D C L - 3 )  149 1 3 9  14 

14 GAY(K)=l./SQRTF(V(K)*R(K)*C(K) 1 
GAP3 ( K ) = O .  
D I F ( K ) = V ( Y ) / ( R ( K ) * C ( K )  1 

GO T O  12 
D I F ? ( K ) = O .  

1 3  G A M P ( K ) = l . / S Q R T F ( V ( K ) * ~ ( ~ ) * C ( K ) * 3 5 ~ ~ . ~ * 2 )  
GAP ( K ) =9. 
D I F ~ ( K ) = V ( K ) / ( R ( K ) * C ( K )  1 
D I F (  K )  Z O O  

W R I T E  CIJTP!JT T A P E N 6 1 7  
12 CONT I NUE 

7 FORMAT ( I Z O H O D E L T A  X ( C M )  C O N D U C T I V I T Y  D E N S 1  TY S P E C I F I C  HEA 
1 T  R A T I O  S ( C i 4  1 GAMWA GAM ( 3 5 1 , )  D I F F U S I V I T Y  D I F F J S I V I  TY ( 3 5 0  
2 )  1 

? / K I T E  OUTPUT T A P E N 6 ~ 8 ~ ~ X ~ I ~ ~ V ~ I ~ ~ R o , C ( I ~ ~ C ~ I ~ ~ R A T I O ~ I ~ ~  S ( I ) 9 G A I V I ( I )  
1 9  G A M 3 ( 1 ) 9 D I F ( I )  9 D I F 3 (  1 ) 9 1 = 1 9 6 )  

8 FORMAT ( 1 H  / ( 1 H  F 8 . 3 , 2 X , E 1 2 . 5 ~ 7 X , F 4 . ! , 7 X , E 1 2 . 5 , F 7 ~ 3 ~ 3 X ~ F 7 0 4 ~ F l O . l ~  
l F 9 . 1 9 2 F 1 2 . 3 )  1 

I J R I T E  CUTPUT T A P E N 6 , 9 r ( J ( I ) , I = 1 , 6 )  

I F ( L R A D I 0 - 1 )  5 9 9 5 4 9 5 2  
9 F O R t ' A T  ( l Y 0 , l Z H L A Y E R  D E P T H S 6 1 6 1  

5 4  KODC=l 
GO TO 5 8  

5 2  KODF=O 
5 8  

5 9  
5 7  

1012 

6 4  

6 7  
c 
6 5  

6 3  
7 6  
6 6  
6 8  
6 9  

1010 

U( 1 9  1 ) = X I  
U ( Z , l ) = E T A  
C A L L  S T A T I C ( U 9 C O S Z 9 J 6 , T I M E K , K O D E )  

T I M E R = l . E + 3 0  
DO 1 0 1 2  L = 1 9 6  
J A ( L ) = J ( L ) - l  
J B ( L ) = J ( L ) + l  
NCOUNT = 1 

GO T O  57 

NPEN=T OE/ 3 00 
N U M R = T I M E / 3 0 0 .  
N P E N 2 = T T O T A L / 3 0 0 .  
I F ( N M 0 N T H - 1 )  6 3 9 6 4 9 6 4  
C A L L  
I F  ( N E C L I P  1 
DO 6 5  I = 1 , J 6  
U ( 1 9 2 )  I S  P R E - E C L I P S E  TEMPERATURE D I S T R I B U T I O N  
U (  I 9 2 ) = U I N (  I) 
GO T O  66 
W R I T E  OUTPUT T A P E N 6 9 7 6  
FORMAT ( l H 0 , 4 0 H I N I T I A L  C O N D I T I O N S  W I T H  NO L U N A T I O N  DONE)  
I F  ( T - T L A S T )  6 8 , 6 9 9 6 8  
C A L L  S O L U X ( T I T O E , P B ~ N S O L U X )  
T L A S T = T  
DO 1010 L = 1 , 6  
A (  L 1 = T * V (  L / ( R  ( L  ) * C (  L 1 * X (  L ) * X  ( L )  1 
A A [ L ) = 4 . * S B + E * S ( L ) * T / ( R ( L ) * C ( L ) + X ( L )  1 
B B ( L ) = 4 . * S B * E * S ( L ) / X ( L )  
B( L =v ( L )  / x  ( L  1 
DO 1 0 1 1  1 ~ 1 9 5  

MONTH( X I  ,COSZ ,WHERE,UIN,LRADIO ,TMONTd ,NMGNTHvMODEL) 
5 6 9  5 6  967 
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1 0 1 1  4 A A ( I ) = 4 . , T / ( ( R ( I ) " C ( I ) + R ( I + l ) ~ C ( 1 + 1 ) ) "  ( X ( I ) + X ( I + l ) ) )  

7 1  
I F ( L 9 A D I O )  7 0 9 7 0 9 7 1  
C A L L  

w=o. 
P=300 .  
F I  RST=U ( 1  9 2  1 
C A L L  N O C ~ L ( F I ~ S T ~ A F T ~ I I , U U I ~ ~ , A M O U N T ~ ~ )  

S T A T  I C  ( U  9DUY'AY 9 2 t T I  X E R 9 4 )  
70 T I M A X = T  I M E + T O E * P t Q  

N T = 1  

TEM=U ( 1 9 2  1 
WRITE OUTPUT T A P E N 6 9 2 8 2  

G O  TO 1 O Q  

ZMM=O. 

2 8 2  FORh4AT ( 3 3 H l I  N I  T I A L  TElr lPERATURE D I S T K  I d U T I O l V  

2 8 4  DO 287 I = l t J 6  
2 8 7  U ( I v l ) = U ( I t 2 )  
c O A = ? O  h A I r \ l  I h l  SECPr\lPS 

Q A = 1 8 0 0  
ZMNI=l 
NCOUNT=2 

c NOTE THAT THE SUBSC'LAR P O I N T  I N S O L A T I O N  ( F L T )  I S  8 E I N G  D E F I N E D  
c I N  TERMS O F  A T H E O R E T I C A L  t 2 U I L I d d I U "  YLACKEODY TEMPERATUHE(TE1MAX)  
c ASSUMING N O  H E A T  T R A N S F k l I  I N T O  THE M A T E R I A L .  

FLT=SB*EBOL*COSZ*T EMAX**4  
V 4 = 1  . 5 * V (  1 ) 
E 4 = ? P * E % X  ( 1  ) 
E 9 = 4 . + S E ! * S ( l )  

1 0 0  DO 11 N = 2 , 2 0  
N 1 z V - l  
I F ( Z F.1" ) 2 8 1 9 2 8 1 t 2 8 6 

c LC)WER BOUNDARY C O N D I T I O N  T E Y P E K A T U R E  H E L D  CONSTANT 
286 U (  J 6 9 N  =U ( J 6 9 N 1 )  

W = W t l .  
D 3  102n L=1,6 
I F ( L - 1 )  1 9 2 1 , 1 0 2 1 , 1 0 2 2  

GO T O  1 0 2 3  
1021 LC)W=2 

1 nz2 LOW=.JR ( ~ - 1 )  
1 0 2 7  L H I = J A ( L )  

c D I F F E R F N C E  E 3 U A T I O N  FOR T t l 4 P ( " v l N )  I l l  A L A Y E R  
c M D E S I G N A T E S  D E P T H  AND N D E S I G N A T E S  T I M E  

1 0 2 7  U Y N l = L ' ( M ( N l )  

DO 1 0 2 5  I.I=LOW,LHI 

G3 TO ( 1 0 2 6 ~ 1 0 2 7 r 1 0 2 7 t 1 0 2 8 ~ 1 0 2 8 ~ 1 ~ ~ 2 ~ ~ 1 9 2 ~ ~ ~ M O D E L  

UYP=U ( F . l + l , N l )  
U M Y = U ( M - l t N l )  
I F ( " 0 D E L - 2 )  7 0 0 , 7 0 1 r 7 0 0  

7 0 1  U N I N ? = U ~ N 1 * * 2  
U ( '4 9 N ) = UMN 1 + ( 4 ( L ) + 4A ( L 1 *UNN2 *UMN 1 

G O  T O  1 9 2 5  

* ( Ur4P- 2 . *LIVN 1 +UYY ) + O m  7 5* A A ( L 1 * 
1UMN2+(  UYP*x 2 - 2  .*UlvlPx Ub"M+UYM**2 ) 

1 0 2 6  U M N l = U ( M , N l )  
I J ( Y 9 N  ) = U t V N l  + A ( L  ) * (  U ( M + 1  r N 1  )-2.*Uk1N1+!J(M-1 9 N 1 )  ) 
G O  TO 1 0 2 5  
U ( M9N 1 =Ub iN l+A ( L ) * ( (UFIP-2 . * U M N l + U W  ) 

GO TO 1 0 2 5  

7510 +a. 2 5 "  (UMP**2 -2  .*UMP*UMM+ 
1UMM**2 ) / U V N l )  

1 0 2 8  C A L L  E X T R A ( U , V O D E L t l , L , M t N , F L X )  
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1 0 2 5  
1 0 2 0  

c 

1 0 3 2  

1 0 3 1  

7 1 0  

1 0 3 6  
1 0 3 0  
9 1  
c 

C 

5 0 3  
5 0 4  

501 

5 0 5  

5 0 0  

5 0 2  
C 
2 4  

7 2 6  

2 5  

724 

7 2  1 

CONT I NUE 
C O N T I N U E  

K = J ( L )  
K 4 = J 4  ( L 1 
K E \ = J R ( L )  
D I F F E R E N C E  E Q U A T I O N  FOR T E M P ( M , N ) , A T  BOUNDARY OF TWO L A Y E R S  
T M = U ( K , N l )  
T M P = U ( K B , N l )  
T M M = U ( K A , N l )  
GO TO ( 1 0 3 1 , 1 0 3 2 , 7 1 0 , 1 0 3 6 , 1 0 3 6 ~ 1 0 3 6 ~ 1 0 3 6 ~ ~ M O D E L  
U ( K , N ) = T M + A A A ( L )  * ( ( B ( L + l ) + B B ( L + l ) * O o 1 2 5  * ( T M P + T M ) * * 3 ) * ( T M P - T M ) -  

DO 1 0 3 0  L = 1 , 5  

1 (B(L)+BB(L)+Oo125*(TM+TMM)**3) * ( T M - T M M ) )  
GO T O  1 0 3 0  

GO T O  1 0 3 0  
T M 2 = T M * *2 
U ( K , N ) = T ~ + ( A A A ( L ) / T M )  * ( B j L + l ) * ( T M P * * 2 - T Y Z )  - B ( L ) * ( T Y Z - T M M * * 2 )  1 
GO TO 1 5 3 0  
C A L L  E X T R A ( U , M O D E L , ~ ~ L , K I N , F L X )  
C O N T I N U E  
U ( l , N ) = U ( l , N l )  
Z = E L A P S E D  T I M E  I N  SECONDS S I N G E  B E G I N N I N G  OF E C L I P S E  
Z=T*W 
I F  ( T O F - Z )  5 0 1 , 5 0 1 , 5 0 9  

U ( K , N ) = T M  + A A A ( L ) * ( T M P + B ( L + l ) - T M * ( B ( L ) + B ( L + l ) )  + T M M * t J ( L ) )  

PFNIJYRRAL P H A Z F  I ? d S C L A T I C N  
I F ( Z - T I Y E )  5 G 2 3 5 f i 3 9 5 0 3  
I F ( N T - 1 )  5 0 5 , 5 0 5 , 5 0 4  
F L X = F L T * P R  ( \ I T - 1  1 
N T = N T -  1 
GO TO 2 4  
F L X = F L T  
GO TO 2 4  
F L X = F L T * P B ( N T I  
N T = N T + l  
G 3  TO 24 
F L X = O o  
SURFACE BOUNDARY C O N D I T I O N - - - -  NEWTONS METHOD USED 
?lY=!! ( 1 , N l  ) 

U 2 N = U  ( 2 ,N 1 
U 3 N = ' J ( 3 , N )  
I F  ( L ' r 3 D c L - 2 )  2 5 , 7 2 6  9 2 5  
SE = E*S 3 
B F = l o 5 * 6 ( 1 )  
B I = a B (  11 /40  
C 4 = S E + B B ( 1 ) / 8 o  
T 2 N = U 2 N  
T 2 N 3 = T 2 N * * 3  
C 5 = T 2 N + B I  
C 6 = P F - T 2 N 3 * B I  
C 7 = F L X  - O o 5 + B ( 1 ) * ( - 4 o * T 2 N  + U 3 N )  + 3 I * T Z N 3 * T Z N / Z o  
IJ N 3 = UN ** 3 
GO T O  (721,723,720,724,724~~24~72~) ,MODEL 
C A L L  EXTR4(U,MODEL,3 ,1 ,1 ,N ,FLX)  
TEM=U ( 1 9N 1 
GO TO 7 2 5  
FO=EA*UN**4-FLX*X(1)+V(l)*(lo5*UN-2.*U2N+o5*U~N) 
F I = 4 . * E A * U N 3 + V A  



GO TO 7 2 2  
7 2 3  FO=C4*UN3*UN + C5*!JN3 + C6*UN - C 7  

F I = 4 e * C 4 * U N 3  + 3 * * U N * U N * C 5  + C 6  
GO TO 7 2 2  

7 2 0  FO=EA*UN**4 + O o 7 5 * V ( l ) * U N * U N  + O m 2 5 9 V ( l ) * ( ( - U 2 N + U 3 N ) * U N +  
1 (-4. *UZN+U3N 1 *U2N 1 -FLX*X  ( 1 )  

F I = 4 * * E A * U N 3  + 1 * 5 * V ( l ) * U N  + 0 * 2 5 * V ( l ) * ( - U 2 N + U 3 N )  
7 2 2  TEM=UN-FO/F I 

A T E M = A S S F ( ( T E M - U N ) / T E M )  
I F ( A T E P - 1 . E - 0 5 )  2 1 , 2 1 9 2 2  

2 2  UN=TEM 
GO TO 2 5  

2 1  U ( l , N ) = T E M  
7 2 5  I F ( Z - Q A )  1 3 7 ~ 1 3 1 9 1 3 1  

1 3 1  QA=OA+IBOO. 
ZMM=Z/60 .  

C TEMPERATURE D I S T R I B U T I O N  EVERY 3 0  MIN.  
2 8 1  W R I T E  OUTPUT T 4 P E N 6 , 1 3 2 , Z M M , ( D E P T H ( ! ) , U ( I , ~ ) , I = l , J 6 )  
1 3 2  FORMAT (1HO,F9 .2 ,  1 5 H M I N U T E S  E L 4 P S E D / ( l Y  r l ' 3 F l r 3 . 3 ) )  

I F ( A R S F ( U ( 1 0 , N ) ) - 1 0 0 O o )  1 0 1 4 , 1 @ 1 5 , 1 P 1 5  
1 0 1 5  I F ( T )  1 d 1 6 , 1 5 1 6 r 1 0 1 7  
1 0 1 7  T=T-20 .  

1 0 1 8  FORMAT(22HOBLOWUP NOW T R Y  T =  t F 6 . 1 )  
W R I T E  OUTPUT T A P E N 6 9 1 0 1 8  ,T 

N C O U N T = l  

1016 GC) TO 5 6  
1 0 1 4  DO 2 8 0  I = l r J 6  
2 8 0  F R A C ( I ) = U ( I , N ) / F I R S T  

I F ( N M 0 N T H - 1 )  6 3 , 6 7 9 6 7  

W R I T E  OUTPUT T A P E N 6 , 2 8 3 , ( D E P T H ( I ) r F R e C ( I ) , I = l , J 6 )  

G O  TO 206 
2 8 3  FORYAT ( 2 2 H  R 4 T I O  OF TEMPERATURES/ ( 1 H  , 1 0 F 1 0 * 4 ) )  

1 3 7  I F ( Z - P )  6 0 1 , 2 0 6 , 2 0 6  
2 0 6  ZM (NCOUNT 1 = Z / 6 0 .  

SURT Et? ( NCOUNT ) = T  EM 
C CONVERSION OF SURFACE TEMPERATURES TO ? R I G H T N E S S  TEMPERATURES 

C A L L  N O C A L ( T E M , A F T E R , F R , A M O U N T t 3 )  
FRACT (NCOIJNT 1 =FR 
S T R O M ( N C 0 U N T )  = A F T E R  
I F ( N C 0 U N T - 1 )  2 8 4 , 2 8 4 , 2 8 5  

2 8  5 NCOIJNT =NCOUNT+ l  

6 0 1  I F ( T S M P X - 2 )  5 9 8 , 5 9 8 , 1 1 1  
11 1 I F ( Z - T  IMER 1 11 9 1  1 2  9 1  1 2  
1 1 2  C A L L  S T A T I C ( U I D U M M Y I N , T I M E R , ~ )  

P = P + 3 0 0 .  

11 CONTINUE 
DO 3 0  M = l , J 6  

GO TO 100 
3 0  U(M,  1 ) = U ( M p 2 0 )  

C PLOT O F  SURFACE TEMPERATURES EVERY 5 M I N U T E S  
5 9 8  T M A X = T I M A X / 6 0 .  

CALL SET(39 ,DUMMY)  
C A L L  LIMITS(O.tTMAX,lO0.,395.) 
C A L L  R E M A R K ( 3 0 . , 1 1 0 ~ , 5 9 5 H 3 O M I N )  
DO 5 9 6  I = l t N C O U Y T  
I F ( I - N P E N )  5 9 5 9 5 9 5 , 5 9 7  

5 9 7  I F (  I -NUMB)  5 9 4 , 5 9 4 , 5 9 3  
5 9 3  I F ( 1 - N P E N Z )  5 9 5 9 5 9 5 , 5 9 2  
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5 9 2  JJ=IO 

5 9 5  J J = 2 5  

5 9 4  J J = ? O  

G O  TO 5 9 6  

GO T O  5 9 6  

5 9 6  C A L L  P O I N T S ( Z M ( I ) , S U R T E X ( I ) , J J )  
C A L L  GRID(O. ,30 . r100 . ,50 . )  
C A L L  G R A P H ( S C A L E )  
NCOl JNT=r\]COUUT-l 
W R I T E  OUTPUT T A P E N 6 ~ 5 9 ~ ~ ~ Z M ~ I ~ ~ S U R T E M ~ I ~ ~ S T R O M 0 , F R A C T ~ I ~ ~ I ~ l ~  

1NCOUNT 
5 9 0  FORMAT ( 1 6 H O M I N U T E S  ELAPSED5X34HSURFACE T E N  B R I G H T  TEivl. F R A C T I O N  

5 9 9  I F ( L R A D I 0 )  113,113,114 
114 C A L L  
1 1 3  GO T O  5 6  

END 

1 / / ( l H  r F l l . 2 ,  lOX,FB.Z ,ZF12 .4 ) )  

S T A T  I C  (U ,DUMMY ,N ,Z 9 5 1 

0 3 6 5  *CARDS 
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S U B R O U T I N E  M O N T H ( X I ~ S Q E X , W H E R E , ~ I N , L R A D I O ~ T ~ N ~ I O N T H ~ M O D E L ~  

COMMON S C A L E , D E P T H , E 9 A , B , A A , B B , X , V 9 R 9 C 9 S , J 9 J A , J B 9 A A A , E B O L , T E M A X  
D I M E N S I O N  U ~ 4 2 t 2 2 ~ ~ X ~ 1 ~ ~ ~ V ~ ~ O ) , R ~ l ~ ~ ~ C ~ l O ~ ~ J ~ I O ) , J A ~ l O ~ ~ J B ~ l O )  
D I M E N S I O N  A ( 1 0 ) ~ B ( l O ) ~ U I N ( ~ O ) r S C A L E ( 6 O ~ ~ G T ~ 7 0 ~ 3 0 ~ ~ D ~ P T H ~ 3 0 ~  
D I M E N S I O N  S ( ~ O ) ~ A A ( ~ O ) ~ B B ( ~ O ) , U B E G ( ~ ~ ) ~ A A A A ( ~ O )  

CMONTH L U N A T I O N  B E G I N S  AT F U L L  MOON 

N 5 = 5  
N 6 = 6  
SB=l 3 7 E - 1 2  
A M O U N T = ( l . - E ) * l O O e  
J6=J (6 

A ( L ) = T + V ( L ) / ( R ( L ) * C ( L ) + X o + X ( L ) * X ( L ) )  
1019 DO 1010 L = 1 9 6  

A A ( L ) = 4 . * S B * E * S ( L ) * T / ( R ( L ) * C ( L ) * X ( L ) * X ( L )  1 
B B ( L ) = 4 . * S B * E * S ( L ) / X ( L )  

1010 B (  L ) = V ( L )  / X  ( L  1 
DO 1011 1 ~ 1 9 5  

I F  (NMONTH-2 3 9 2  9 1 
1011 A A A ~ I ~ ~ 4 ~ * T / ~ ~ R ~ I ~ ~ C ~ I ~ + H ( I + 1 ) 9 C ( I + l ~ * C ~ I + l ~ ~ *  ( X ( I ) + X ( I + l ) ) )  

C T z D E L T A  T 9  T C L z T I M E  O F  L U N A T I O N  I N  U h I T S  O F  A S Y N O D I C  MONTH 
c T I M E = T I M E  TO RUN I N  U N I T S  OF A S Y N O D I C  MONTH 
C T E M A X = T H E O R E T I C A L  SUBSOLAR E Q U I L I B R I U M  B L A C K B O D Y  TEMPERATURE 
3 READ I N P U T  T A P E N 5  9 4 ,  TOL ,T I M E  9TEYAX 

READ I N P U T  TAPEN5,4,(UBEG(I),I=l,J6) 
4 FORVAT ( 1 0 G  1 
C SYNOD=NUMBER O F  SECONDS I N  A S Y N O D I C  MONTH 

S Y N O D = O o 2 5 5 1 4 4 3 E 0 7  
T O L = T O L * S Y  NOD 
T I M E = T I M E * S Y N O D  
T I M F X = T I Y E  

2 DO 5 1  I = 1 9 J 6  
5 1  U ( I * l ) = U B E G ( I )  

T IFnE=TIMEX 
Gr) T O  90 

1 DO 9 1  I = 1 9 J 6  
9 1  U ( I 9 1 ) = U I N ( I )  

90 TOL'q=T@L/SY NOD 
T I M E = T  I M E X  

T I  MFM=T I M E / S Y  NOD 
W R I T E  OUTPUT T A P E N 6 9 6 9 T 9 T O L 9 T O L M 9 T I M E 9 T I M E M A X  

6 FORMAT ( Z O H l L U N A T I O N  PARAMETERS/  l O H O D E L T A  T = 9 F 5 . 1 /  2 0 H  T I M E  F 
1 0 R  L U N A T I O N  = , E 2 0 0 7  9 5 H  S E C o t 5 X ~ F 7 . 4 9 7 H  MONTHS/ 1 8 H  D U R A T I O N  0 
2F RUN = 9  E20.7,  5 H  S E C . 9 5 X 9 F 7 . 4 9 7 H  MONTHS/ ZUH SUBSOLAR POIINT TEM 
3P, F8.2)  

B E F O R E = U ( l r l )  
C A L L  N O C A L ( B E F O R E I A F T E R I F R A C T , A M O U N T , ~ )  
W R I T E  OUTPUT T A P E N ~ , ~ ~ ~ A F T E R I ( D E P T H ( I ) , U ( I ~ ~ ) ~ I = ~ * J ~ )  

99 FORMAT ( l H 0 1 6 8 H I N I T A L  C O N D I T I O N S  ( A L L  D E P T H S  ARE I N  CM. AND TEMPER 
l A T U R E S  I N  DEG. K ) /  1 H  9 9 X , F 9 0 3 / ( 1 H  t l O F 9 . 3 ) )  

c CHECK FOR A FEW BLUNDERS 
I F ( T I M E / S Y N O D  - 3 . 1 )  9 0 9 , 9 0 9 , 9 0 6  

909 I F ( I J ( J 6 9 1 ) )  9 0 6 9 9 0 6 9 9 0 7  
9 0 7  I F ( E )  9 0 6 $ 9 0 6 9 9 1 0  
906 W R I T E  OUTPUT T A P E N 6 9 9 0 8  
9 0 8  FORMAT ( 3 7 H O I  W I L L  NOT RUN UNDER SUCH C O N D I T I O N S )  

RETURN 
910 I F ( L R A D I 0 )  7 9 7 9 8  
8 I F ( T I M F - l . O l * S Y N O D )  1 0 9 7 9 7  



. 
-9 - 

2 0  

7 
9 

c 

1 8 3  

1 8 5  

1 8 6  
1 8 4  

8 5  

C 

1 0 0  

1 0 2 1  

1 0 2 2  
1 3 2 3  

c 

1 0 2 8  

1 0 2 7  

701  

1 . 3 2 6  

7 0 0  

CALL 
'JO TO 9 
T I '4f=R=1 E+3 0 
S!!BqCL=6HSUBSOL 
Id= 0 
I F I R S T = l  
I L A ? T = - 1  
N G  R 4 PH = 8 
N C O U N T = l  

E A = S B * F * X ( l )  

TOL2=ANGULAR FREQUENCY O F  L!JI\!4T I O Y  

S T 4 T I C  ( U  ,SQEX 9 1 , T I M E R  92 1 

V A = l * 5 * V (  1 )  

E 3 = 4 * * 5 B * E * S  ( 1  1 

T O L 2 = 6 * 2 8 3 1 8 5 3 / T O L  
IF(-XI) 1 8 7 , 2 8 5 9 1 8 6  
T O L l = A T A N F (  q Q E X / X I ) / T O L 2  
GO TO 1 8 4  
T O L 1 = 0 * 2 5 * T O L  
60 T O  1 8 4  
T O L l = A T A N F (  S Q E X / X I ) / T O L Z + T O L / Z *  
T O L 3 z T C L  1 + T O L /  2 
T O L l D = T O L 1 / 8 6 4 0 0 *  
T O L 3 D = l ' C L 3 / 8 6 4 0 0 *  
W R I T E 
F O R V 4 T  ( 13HC)SUNSET AT, F 7 * 3 , 4 H D A Y S /  l l H O S U N R I Z E  A T v F 7 . 3 9 4 H D A Y S )  

CUT P UT T A P EN 6 9 8 5 I T 0 L 1 D 9 T 0 L 3 D 

T 0 L \I = T C L 
T I v c H = T I M E / 3 6 Q 9 .  
PQ='lUMRE9 O F  SEC. I Y  6 HCUKS 
p c 3 = 7 i 6 0 0 .  

DO 11 ~ = 2 , 2 0  
A 3 = S B + F P O L * X ( l ) * T C " A X * * 4  

N l = N - 1  
U ( J 6 9 N 
w = w + 1  
D 3  1 0 2 0  L = 1 , 6  
I F ( L - 1 )  1 0 2 1 9 1 0 2 1 9 1 0 2 2  
LcIW=2 
GO TO 1 0 2 3  
L O W = J B ( L - l )  
L H I = J A ( L )  
DO 1 9 2 5  i4=LC)'iJ,LHI 
D I F F E R E N C E  E Q U A T I O N  FOR TEMP(M,Y)  11'1 A L 4 Y E R  
GO T O  ( 1 0 2 6 ~ 1 ~ 2 7 , 1 O 2 7 ~ 1 ~ 2 8 , 1 ~ 2 8 ~ 1 ~ 2 8 ~ 1 ~ 2 8 ~  ,MODEL 
C A L L  
GO T O  1 0 2 5  
U M N l = U ( M , N l )  
U Y P = U  ( M + 1  , N 1 )  
U M Y = U ( M - l , Y l )  
I F ( Y 0 D F L - 2 )  7 0 0 , 7 0 1 9 7 0 0  

= U ( J 6 9 1'1 1 1 

E X T R A ( U 9 MOD E L  9 1 9 L 9 I4 9 N 9 A 0  1 

U M N 2 = U M N l * * 2  
U ( M , N ) = U M N l + ( A ( L ) + A A ( L ) * U ~ ~ N 2 ~ U M N l ) * ( U M P - 2 * * U M N l + U ~ M ) + O * 7 5 * A A ( L ) *  

GO TC) 1 0 2 5  
U L I N 1 = U ( t l , N l )  
U ( b" 9 N 1 = U:\lN 1 
GO TO 1 0 2 5  

l U ~ ~ N 2 * ( U Y P * * 2 - 2 , * U M P * U M ~ + U ~ ~ * * Z  1 

+ A ( L ) * ( U ( :,'I+ 1 9 N 1 1 - 2 *U '' I\! 1 +U ( Y - 1 N 1 1 ) 

U ( M , N )  = U M N l + A ( L ) * (  ( U ~ ' I P - Z ~ * U I ~ N ~ + U ' . ~ I ' ~ )  +0*25*(UMP**2-2.*UKP*UMM+ 
1U'J '~ l **2 ) / U  4N 1 
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. 

1 0 2 5  CnVTIPI!IE 
1 0 2 0  CCr\lTIVJLIF 

?? i n 3 n  ~ = i , 5  
Y = J ( L  
K 4 = J A  ( L )  
K a = J P  ( 1 -  1 

c D I F F E R F N C '  EQUAT+OI\I FOR T E " P ( ' 4 , N )  A T  BOU'dDARY OF TWJ3 L A Y E R S  
Th"= ( I (Y , ' \ ! I )  
T i " l = U ( K h , N l )  
TMY=U(  K A I N l )  
GO TO ( l J 3 1 9 1 O 3 2 9 7 1 O  91O~691O36,1J3691036) ,MODEL 

1 0 3 6  C A L L  E X T R 4  (LJ9'"C)DEL 9 2  9 L 9  I( ,N IAO) 

1 0 3 2  U (  K 9 N  =Tbd+AAA ( L  1 * (  ( E 3  ( L + l ) + s B (  L + 1  )*O. 1 2 5  * ( TMP+Tivi)**3 1 "  (T;ViP-T:q)- 
G O  TO 1 0 3 0  

1 ( R ( L +99 ( L ) *3 1 2 5 * ( Tk;+TYv ) * *  3 ) -X ( T'4-T Y.4 ) ) 

GC Tn 1 0 3 0  

G O  TO 1 0 3 C  
1 0 3 1  U ( K ? N ) = T b '  + A A A ( L ) * ( T M P * B ( L + l ) - T M + ( S o + S ( L + 1 ) )  + T M M * B ( L ) )  

71 0 TY2=T" *+2  

1 0 3 0  CONTIPIUE 
IJ ( K  9N 1 =TM+ ( AAA ( L  1 /TI4 -X ( B  ( L + 1  1 * (TVP'c*2-T'42 -8 ( L  ) * ( TM2-TM)1**2 1 

c Z z E L A P S E D  T I Y E  I N  SEC. C I N C E  L A S T  F U L L  "20N 
Z = T + It! 
I F  ( Z - T O L l )  17918918 

1 8  I F  ( Z - T C L 3 )  1 9 9 1 9 9 1 7  
c SURFACE B3UNDARY COND I T I  ON----NEh'T@YS M E T I O D  USED 
c NO I N S O L A T I O Y  
1 9  I N = - 1  

H I C = ( Z - T O L l  1 / 3 6 O O .  
F L X = O *  
c o s z = 0 *  
GO T O  3 0 2  

c SUN ABOVE H O R I Z O N  
1 7  I N = 1  

H I C = O *  
2 0 1  T O L Z = T C L Z * Z  

IF(\dPE'?E-SU!?SOL) 88,69986 
8 9  C O S Z = C @ S F  ( T O L Z  1 

G O  TO 2 4  
98 C O S Z = - X I * S I N F ( T O L Z ) + S O E X + C O S F ( T O L Z )  
7 4  I F ( I N )  2 0 ' 3 9 2 0 0 9 2 0 2  
7 0 2  U N Z l J ( 1  ,N1 

U 2 N = U (  2 9hI  

U 3 N = U (  3 9 N  1 
I F  ( ' IODEL-2  1 2 4 1  9 2 0  9 2 4 1  

7 3  SE = E + S R  
F L X = A O * C O S Z / X ( l )  
B F = 1 . 5 * B (  1 )  
S I = O 3 (  1 ) / 4 *  
C 4 = S F + R B ( 1 ) / 8 .  
T 2 N = U 2 N  
T 2  PJ? =T 2 N**3  
C 5 = T 2 N * B I  
C 6 = Q  F - T 2 N 7 * R I 
C7=FLX - 3.5*8( 1 ) * ( - 4 * * T Z N  + U 3 Y )  + B I * T 2 N 3 * T 2 N / 2 .  

2 4 1  5 9  TO ( 7 2 0 , 7 2 1 , 7 2 6 , 7 1 1 ~ 7 3 1 , 7 3 1 ~ 7 3 1 ) , ~ 0 D ~ L  
7 3 1  F L X = 4 O * C 3 S Z / X ( l )  

C A L L  ' X T R ~ ( U , ~ O ~ E L , ~ , ~ , ~ , N I F L X )  
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GO T O  7 3 2  
7 2 0  F O = E A * U N * * ~ - A O * C O S Z + V ( ~ ) * ( ~ ~ ~ * U N - ~ O * U ~ N + ~ ~ * U ~ N )  

F I = 4 . * E A * U N * * 3 + V A  
GO T O  7 2 8  

7 3 1  U N ? = U N * * 3  
FC=C4*UN3*U\ l  + C 5 * U N 3  + C6*UN - C7 

GO T n  7 2 8  
F I = 4 * * C 4 * U N 3  + 3 * * U N * U N * C 5  + C6 

7 2 6  FO=EA* IJN**4  + 0 . 7 5 * V ( l ) * U N * U N  + G O ~ ~ * V ( ~ ) * ( ( - U ~ N + U ~ N ) * U N +  
1 ( - ~ . * U ~ Y + U ~ N  1 * U 2 N )  -AO*COSZ 
FI=4.*EA*UN**3+1.5*V(l)*UN + 0 . 2 5 + V ( l ) * ( - U 2 N + U 3 N )  

7 2 8  T E M = U N - F O / F I  
A T E ’ J z 4 5 S F  ( ( T E Y - U N )  /TEM 1 
I F ( 4 T E ‘‘-1 E- 3 5 ) 2 1 9 2 1 9 2 2 

2 2  UN=TEM 
GO T O  2 4 1  

2 1  U ( l , N ) = T E M  
7 1 2  I F ( I F 1 R S T )  l C 4 3 r 1 ’ 3 4 0 , 1 0 4 1  
1 0 4 1  I F I R S T = - 1  

G 3  T O  6 7  

C A L L 5 T 4 T I C ( U 9 C O S Z 9 N Y T I iM E R 9 2 1 
i o 4 0  IF(Z-TIVER) 2 7 , 2 8 , 2 a  
2 8  
2 7  I F ( Z - P Q )  2 5 , 2 6 9 2 6  

2 6  P Q = P Q + 2 1 6 0 0 .  
I F ( I N )  2 0 1 , 2 0 1 ~ 2 0 0  

I F ( W H E R E - S U 9 S O L )  1 0 5 0 , 1 9 5 1 , 1 0 5 2  
2 0 0  Z H = Z / 3 6 0 0 .  

1 0 5 0  D E G = P C O S F ( C O S Z ) * 5 / . 3  
Z H N E X T = T O L / 3 6 S O . - Z H  
GO T O  6 0  

1 0 5 1  T I M F S = l .  
C E G = T O L Z * Z * 5 7 . 3  

6 2  I F ( 9 E G - 3 6 0 . ) 6 3 1 ~ 6 1 , 6 1  
6 1  D E G z C E G - 3 6 0  

T I Y E S = T I ” 4 E S + 1 .  
GO T O  6 2  

6 0 1  Z H N E X T = ( T O L / 3 6 0 0 * ) * T I M E S - Z H  
6 0  I F ( 1 L A S T )  1 0 4 3 r 1 0 4 3 9 3 2  
1 0 4 3  B E F O R E = U ( l , N )  

C A L L  N 3 C A L ( B E F O R E , A F T E R , F R A C T ,  4!v’OUNT92) 
W R I T E  OUTPUT T A P E N 6 , 5 , Z H , Z H Y E X T , D E C , H I C , A F T E R , ( D E P T H ( I ) 9 U ( I , N ) , I = l  

‘5 F3R’JAT ( l H C 9 1 5 H H O U R S  E L A P S E 9  = 9  F 7 . 2 /  1 9 H  NEXT F U L L  MOON I N  t F 7  
1.2, 6 P  H O U R S /  2 1 H  Z E N I T H  4NGLE OF SUN 9 F 6 0 2 9 2 6 H  DEGREES I N  D 
2 A R K N E S S  F.OR,F8.29 6 H  HOURS/ 2 5 H  TEMPERATURE C I S T R I B U T I O N / l H  9 

3 9 X v F 9 0 3 9 3 3 H  ( S U R F A C E  B R I G H T N E S S  T E M P E R A T U R E ) /  ( 1 H  9 1 3 F 9 . 3 ) )  

I 9 J 6 )  

c CHECK FOR BLOWUP 
I F (  A B S F ( U (  1 0 9 N )  ) - 1 ’ 3 0 0 . )  1 9 1 4 ~ 1 0 1 5 ~ 1 0 1 5  

1 0 1 5  I F ( T )  1 0 1 6 , 1 0 1 6 ~ 1 0 1 7  
1 0 1 7  T = T - Z r l .  

W R I T E  OUTPUT T A P E N 6 9 1 0 1 8  9 T  

I F ( “ V 9 N T H - 2 )  1 0 0 9 9 1 0 0 9 9 1 0 0 8  
1 0 1 8  FORMAT (ZZHUSLOWUP NOW TRY T = 9 F 6 . 1 )  

1 0 0 9  NMONTH=2 

1 0 0 8  NMOYTH=3 

1 0 1 6  RETlJRN 

GO T O  1 0 1 9  

GO T O  1 0 1 9  
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1014 
68 

67 
69 

2 5  
90 5 
87 

904 

1 0 4 2  

I F ( N G R A P H 1  67967 9 6 8  
NGRAPHZNCRAPH-1 
GO T O  2 5  
DO 69 M = l * J 6  
GT (NCOUNT r M  ) = U  ( M  t N  1 
NGRAPH = 8 
NCOUNT =NCOUNT+l  
I F  ( 2 - T  I M E  1 
I F ( 2 -TOLN 1 
W=O. 
T I M E = T  IME-TOLN 
PQ=O 
I F ( L 3 A D I O )  119119904  
C A L L  
GO T O  11 
I L A S T = l  
GO T O  2 6  

9 0 5  c 1 0 4 2  r 1 0 4 2  
11 9 8 7  98 7 

S T A T 1  C ( U  ,COS2 9N9 T I M E R  9 2  1 

C 
3 0  

c 
32 

71 

7 5  
74 

73 

5 6  
C 

66  
903  

9 0 2  
001 

11 C O N T I N U E  
DO '30 P=19J6 
MATR I X SW I TCHOVER 
U ( M 9 1 )  = U ( Y 9 2 0 )  
GO T O  100 
P L O T  OF TEMP D I S T R I B U T I O N  EVERY 2 D A Y S  
C A L L  S E T ( 3 9 9 D U M M Y )  
C A L L  LIMITS(O.t3O.tlOO.r395.) 
DO 73 I = l # N C O U N T t 5  
DO 7 4  J J = 1 9 5  
L = I + J J - l  
I F ( L - N C O U N T )  71,71974 
DO 7 5  K = l r J 6  
AK=K 
C A L L  P O I N T S  ( AK r G T  ( L 9K ) r L  1 
C O N T I N U E  
C A L L  G R I D ( O . 9 5 . ~ 1 0 0 . ~ 5 0 . )  
C A L L  REMARK(  5.9 110.9 1 9 1 H 5 )  

B E F O R E = U ( l , N )  
C A L L  NOCAL(BEFORE,AFTERrFRACT9AMOUNT#2) 
W R I T E  OUTPUT T A P E N 6 t 5 , T I M E H t Z H N E X T , D E C , H I C , A F T E R I ( D E P T H ( I ) r U ( I 9 N ) 9  

DO 5 6  I = l # J 6  
U I N ( I ) = U ( I r N )  
P L O T  O F  I N I T I A L  TEMP D I S T R I B U T I O N  BEFORE E C L I P S E  

DO 66  I = l r J 6  
A I = T  
C A L L  P O I N T S  ( A I  r U I N  ( I) 9 11 1 
C A L L  G R I D ( O . * 5 . r l O O . p 5 0 . )  
C A L L  RFMARK(  5. r l 1 O . r  1 9 1 H 5 )  
C A L L  GRAPH ( S C A L E  
I F ( L R A D I 0 )  901r9019902 
C A L L  S T A T I C ( U t T O L 2 r N r Z 9 3 )  
RETURN 
END 

C A L L  G R A P H ( S C A L E 1  

1 I = l 9  J 6  1 

C A L L  LIMITS(O.,30.r100.,395.) 

0 2 8 6 w C A R D S  



-13- 

S U B R O U T I N E  S T A T  I C ( lJ,COSZ r N  ,T IMER r KODE 1 
C S T A T I C  C A L C U L A T E S  R A D I O  B R I G H T N E S S  TEMPERATURES 
C MODEL I N  T H I S  S U B R O U T I N E  REFERS T O  A S E T  OF ELECTROMAGNETIC 
c PARAMWTERS AND NOT A S E T  O F  THERMAL PARAMETERS 

COMMON S C A L E  9 D E P T H  
D I M E N S I O N  S C A L E ( 6 0 ) , D E P T H ( 3 O ) , U ( 4 2 ~ Z Z ) ~ W A V E ( ~ 0 ) , F L E C T t l O ) ~  

1 T E M P ~ 4 2 ~ ~ F R A C T ~ 1 0 ) ~ A B S ~ l 0 ~ ~ P O W E R ~ l O ~ ~ C O S T I N ~ l O ~ ~ T R A D ( l O ~ 5 ~ 7 ~ ~ ~  
~ A V ( ~ ~ ) , T I C K E R ( ~ ~ ) ~ B L A C K ( ~ ) V T H I N ( ~ O )  

D I M E N S I O N  TEM(70),AMP(lO),PHAZE(lO) 
N 5 = 5  
N 6 = 6  

c YODF ~ 2 . 3  FRDM MONTH 4 9 5  FROM E C L I P S E  
c C O N S I D E R I N G  A P O I N T  F I X E D  O Y  THE MOON W I T H  THE E A R T H  S T A T I O N A R Y  
c AND T H E  SUN R E V O L V I N G  ABOUT THE M 3 0 N  

1 I = o  
4 I=I+l 
c F L E C T = I N T E R N A L  R E F L E C T A N C E  A T  SURFACE,  F R A C T z I N D E X  O F  R E F R A C T I O N  
c A B S = A B S O R P T I O N  C O E F F I C I E N T ,  POWER=EXPONANT OF I T S  WAVE L E N G T H  
C DEPENDENCE 
c U P  T O  1 0  SUCH S E T S  OF D A T A  ARE ALLOWED 

2 F O R M A T ( 3 G )  

I F ( K 0 D E - 1 )  5 , 1 9 5 0  

SECDAY=3600.*24.  

READ I N P U T  TAPEN5,2,FRACT(I)rABS(I) , P O W E R ( I )  

6 
c 
c 

7 

5 

9 

3 0  

3 1  
34  

c 
C 

3 I M A X Z I - 1  
READ I N P U T  T A P E N 5 p 6 r T M O N 9 T E C L I P , ( W A V E ( I ) t I = 1 , 5 )  

TMON AND T E C L I P  ARE I N T E R V A L S  OF DAYS AND M I N  R E S P E C T I V E L Y  A T  
W H I C H  A R A D I O  TEMPERATURE D I S T R I B U T I O N  I S  T O  BE MADE 

DO 7 I = l , I M A X  
T H = A C O S F ( C O S Z )  
Q=FRACT ( I )**2 

THIN(I)=ACOSF(COSTIN(I)) 
D I F = T H I N ( I ) - T H  
S U P = T H I N ( I ) + T H  

COSTIN(I)=SQRTF(1~-(1.-COSZ**2)/Q) 

FLECT(I)=O.5*(TANF(DIF)**Z/(TANF(SUM)**Z) +SINF(DIF)*+2/(SINF(SUM) 
l * * 2 )  1 

J6=W 
W R I T E  OUTPUT T A P E  6,9,(I,FLECT(I)~FRACT(I)tABS(I)rPOWER(I)~COSTIN~ 

FORMAT ( 2 9 H O R A D I O  COMPUTATION PARAMETERS/6HOMODEL 4 X 7 4 H R E F L E C T I V  
l I ) , I = l , I M A X )  

l I T Y  I N D E X  OF R E F R A C T I O N  ABS. C O E F F I C I E N T  POWER C O S ( T H E T A 9 I N )  
2 / / ( l H  r I 3 , F 1 4 . 4 , F 1 5 . 3 , E 2 7 . 5 , F 1 0 . 4 , F l l . 5 )  1 
DO 3 0  K z 1 . 5  
I F ( W A V E ( K 1 )  31931930 
C O N T I N U E  
L A M A X = 5  
GO T O  3 4  
L A M A X Z K - 1  
X I  =u ( 1.1) 
E T A = U  ( 2 9 1  1 
EZ=ETA**Z  

P O S L A G = P O S I T I O N A L  P H A S E  L A G  FOR P O I N T  OF LUNAR SURFACE R E L A T I V E  
S E Z z S Q R T F  ( 1 .-E2 1 

TO T H E  CENTRAL M E R I D I A L  
POSLAC=ACOSF(E2+(SQRTF(l~-E2-XI**Z) ) * S E Z ) / S E Z  
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I F ( X 1 )  3 2 , 3 2 9 3 3  
3 3  POSLAG=-POSLAG 
7 2  P O S L G D = P O S L A G * 5 7 . 2 9 5 7 8  

N T  I ME= 1 
RETURN 

C 
c NOTE- - -RAYLEIGH - JEANS ASSUMED 
5 0  N T I M E = N T I M E  

J6= J6 
I F ( N T 1 M E - 1 )  5 6 9 5 6 9 5 7  

5 6  T I  MER'O. 
5 7  I F ( K 0 D E - 3 )  5 1 9 5 1 9 5 2  
5 1  TICKER(NTIME)=TIMER/SECDAY 

GO T O  53 
5 2  T I C K E R ( N T I M E ) = T I M E R / 6 0 .  
5 3  DO 5 5  J = 1 9 J 6  
5 5  TEMP ( J ) = U  ( J I N )  

DO 9 0  M O D E L = l , I M A X  
A M R = l . - F L E C T ( M O D E L )  
S E C T = l . / C O S T I N ( M O D E L )  
DO 8 9  L A M D A = l t L A M A X  
P=POWER(MODEL)  
AK=SECT*ABS(MODELI*WAVE(LAMDA)**P 
Y TNT=O. 
X=O. 
SLOPE=(TEMP(Z)-TEMP(l))/(DEPTH(Z)-DEPTH(l)) 
I ND= 1 
D E R = l E M P  ( 1) 
XMAX=DEPTH ( J 6  1 
C A L L  I ~ E ( ~ O ~ X I X M A X ~ S . E - O ~ ~  o O O 1 9 1 t Y I N T t D E R t B L A C K 9 J J )  

6 5  GO TO ( 6 0 * 6 1 , 6 2 , 6 3 ) r J J  
6 1  J J = X I C E F ( D U M M Y )  

GO T O  6 5  
c L I N E A R  I N T E R P O L A T I O N  NEAR I N T E R L A Y E R  BOUNDARY 
C THERE SHOULD B E  AT L E A S T  2 I N T E G R A T I O N  S T E P S  BETWEEN LOWEST 
C I N T E R L A Y E R  BOUNDARY AND B A S E  O F  LOWEST L A Y E R  
6 0  D = D E P T H ( I N D )  

D P = D E P T H ( I N D + l )  
I F ( X - D )  70971971  

GO TO 7 9  
70 I N D Z I N D - 1  

71  I F  ( X - D P )  73 973 9 7 2  
72  I ND= I ND+1 
7 9  D = D E P T H (  I N D )  

D P = D E P T H ( I N D + l )  
SLOPE=(TEMP(IND+l)-TEMP(IND))/(DP-D) 

7 3  I F ( D E P T H ( I N D - l ) + D P - 2 . + D - . 0 1 )  7 4 , 7 4 9 7 5  
74 IF(D+DEPTH(IND+2)-2.*DP-oOl) 7 6 9 7 6 9 7 5  
76 DER=FRENCH(X,DEPTHtTEMP,J6)+EXPF(-AK*X) 

GO TO 6 1  

GO TO 6 1  
7 5  D E R = ( T E M P ( I N D ) + ( x - D ) + S L O P E ) * E X P F ( - A K + X )  

6 3  W R I T E  OUTPUT T A P E N 6 , 6 4 9 M O D E L , L A M D A I N T I M E I X , D E R , Y I N T 9 X M A X 9 J J 9 T I M E 9  

64  F O R M A T ~ 1 5 H O N O N C O N V E R G E N C E ~ 3 I 4 r 4 E 1 6 . 6 r I 3 r E l 6 ~ 6 ~ I 4 / l H O ~ 5 E l 6 ~ 6 ~  

6 2  T R A D ( M O D E L , L A M D A , N T I M E ) I ( Y I N T + T E M P ( J 6 ) * E X P F ( - A K * X M A X ) / A K ) * A M R * A K  

l K O D E 9 L B L A C K ( I  ) 9 1 = 1 9 5 )  

RETURN 

89 CONT I NUE 
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9 0  

9 2  

93  

9 6  
99 

C 
c 
c 
100 

10  1 

102 

~ 1 0 4  

C O N T I N U E  

N T  I ME=NT I M E + 1  

RETURN 
N T I M E = N T I M E + l  
T IMER=TIMER+TVON*SECDAY 
RETURN 
OMEGA=COSZ 
TLAG=POSLAG/OMEGA 

GO T O  ( 9 6 , 9 3 , 9 9 , 9 2 , 1 0 O ) r K O D E  

T I M E R = T I M E R + T E C L I P * 6 O .  

END O F  MONTH OR E C L I P S E  -- PLOT OUT R A D I O  TEMPERATURES AND 
T A B U L A T E  FOR EACH MODEL AND LAYDA 
ANT=NT I M E  
DO 1 5 0  lv;ODEL=l, I MAX 
C A L L  S F T  (39,DUMMY 1 
I F ( Y 0 D F - 3 )  1 0 1 r l 0 1 ~ 1 0 2  
C A L L  LIMITS(O.,300,100.r395.) 
C A L L  R E M A R K ( 5 o r 1 1 0 0 , 5 , 5 H 5 D A Y S )  
WORD=4HDAYS 
GO T O  104 
T I M A X = T I C K E R  ( N T I  ME 1 
C A L L  L I M I T S ( 0 9 T I MAX 9 1 0 0 9 3 9 5 1 
C A L L  R E M A R K ( 3 0 . , 1 1 0 . , 5 , 5 H 3 O M I N )  

DO 106 LAMDAz1,LAMAX 
WORD=3HMIN 

I nfi w 105 N ? - ? , W M E  
C A L L  P O I N T S ( T I C K E R ( N T )  ,TRAD(MODEL,LAMDA,NT)  ,LAbIDA) 1 0 5  

106 

109 

c 

110 

1 1 2  

1 3 9  

CONT I NIJF 
C A L L  GRID(1000.r50.,100.~5~~s) 
W R I T E  CUTPUT T A P E N 6 , 1 0 9 , M O D E L , F L E C T ( M O D E L ) , F R A C T ( M O D E L ) , A B S ( M O D E L )  

l , P O W E R ( M O D E L I  , C O S T I N ( M O D E L )  ,WORD,(WAVE(LAMDA) ,LAMDA=1,5 )  9 

2 ( T I C K E R ( N T ) r ( T R A D ( M O D E L , L A M D A , N T ) , L A ~ D A = l , 5 ) , N T = l , N T I M E )  
FORMAT ( 2 9 H l R A D I O  TEMPERATURES FOR X O D E L I  3 r 2 3 H  R A Y L E I G H - J E A N S  ASSUM 

1 E D /  7 5 H O R E F L E C T I V I T Y  I N D E X  O F  R E F R A C T I O N  ABS. C O E F F I C I E N T  PO 
2WER C O S ( T H E T A I I N )  / 1 H  , F 8 o 4 , F 1 5 0 3 ~ E 2 7 o 5 ~ F 1 0 0 4 ~ F l l 0 5 /  1 H O A 6  9 

3 5 F 1 2 . 3 ,  2 3 H  (WAVELENGTHS I N  C M s ) / /  (1I-l r F 6 . 2 9 5 F 1 2 . 3 ) )  
MEAN AND F I R S T  F O U R I E R  COS COMPQNANTS O F  R A D I O  TEMPERATURES 

I F ( K 0 D F - 4 )  1 1 0 t 1 1 0 ~ 1 5 0  
DO 1 1 2  I=1,10 
A V (  I ) = O .  
4 M P (  I ) = O .  
P H A Z E (  I )=0. 
DO 140 L A M D 4 z l r L A M A X  
SUM=O. 
SUMC2ZO 
SUMS 2 = 0 
SUMYC=Oo 
SUMYS=Oo 
SUMSC=Oo 
DO 139  N T = l r N T I M E  
T E M ( N T ) = T R A D ( M O D E L , L A M D A , N T )  
SUM=SUM+TEN(NT)  
A V ( L A M D A ) = S U M / A N T  
DO 1 3 8  N T = l , N T I M E  
Y = T E M ( N T ) - A V ( L A Y D A )  
ARG=@MFGA*(TICKER(NT)*SECDAY+TLAS) 
ST=S I N F  ( A R C  1 
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CT=COSF (ARG 1 
SUMCZ=SUMC2+CT**Z 
SUM52=SUMS2+ST**Z 
SUMSC= 5UMSC+ST*CT 
SUMYC= SUMYC+Y *CT 

1 3  8 SUMYS=SUMYS+Y *ST 
DET=SUMC2*SUMS2-SUMSC**z 

B=(SUMCZ*SUMYS-SUMYC*SUMSC) /DET 
A=(SUMYC*SUMS~-SUMSC*SUMYS)/DET 

AMP(LAMDA)=SQRTF(A**Z+B**Z) 
140 PHAZE(LAMDA)=ACOSF(A/AMP(LAMDA))*57oZ9578 

W R I T E  OUTPUT T A P E N 6 r l l l ~ ~ A V ~ L ~ r L ~ l ~ 5 ~ ~ ~ A M P ~ L ~ ~ L ~ l ~ 5 ~ ~ ~ P H A Z E ~ L ~ r L ~ l  
l r 5 ) r P O S L G D  

lF9.3,4FlZo3,2X32HGEOMETRICAL P H A S E  L A G  O F  CRATER F 8 0 3 9 8 H  DEGREES 
2 )  

111 FORMAT(7HOMEAN T 5 F l Z o 3 / 1 1 H O A M P  OF C O S F 8 o 3 , 4 F 1 2 o 3 / 1 0 H O P H A S E  L A G  

1 5 0  C A L L  G R A P H ( S C A L E  1 
T IMER=O.  
N T I 14 E = 1 
RETURN 
END 

0 1 9 5 K A R D S  
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S U B R O U T I N E  S O L U X ( D T I T O E ~ F L ~ N S O L U X )  
CSOLUX C A L C U L A T I O N  OF F R A C T I O N A L  SOLAR I N S O L A T I O N  D U R I N G  PEUUMBRAL 
c PHASE OF E C L I P S E  

c JSTEP=NUMBER OF S T E P S  TO BREAK UP SUN I N T O  
D I M E N S I O N  Y ( l G 1 )  ~ A ( l O ) t F L ( 3 0 0 O ) ~ S C A L E ( 6 0 )  

N 5 = 5  
N 6 = 6  
I F ( N S O L U X - 1 )  1 0 5  9 1 0 5  9 104  

1 0 5  J S T E P = 5 0  
C 1 0  PARAMETER F I T  TO SOLAR L I M B  D A - K F N I N G  CURVE AT 6 0 0 0 A  

READ I N P U T  TAPEN5~102,(A(I),I=l,lO) 
1 0 2  F O R M A T ( l O X , 5 E 1 4 * 7 / 5 E 1 4 * 7 )  
1 0 4  W R I T E  OUTPUT T A P E N 6 9 1 0 3 * J S T E P , ( A ( I )  ~ 1 = 1 9 1 0 )  
103 FORMAT ( 1 5 H l P E N U M B R A L  F L U X /  8HCJSTEP = 9  16/ 32HOSOLAR L I M B  DARK 

l E N I N G  PARAMETERS/  l H 0 9 5 E 1 4 . 7 /  1 H  9 5 E 1 4 . 7 )  
c GRAPH WILL T A K E  UP TO AN 80 M I N  P E N U P B R A L  P H A Z E  

Y H I = 5 9 . / 6 0 .  
C A L L  L I K I T S ( O ~ ~ 4 8 0 0 ~ ~ 0 ~ ~ Y H I )  
C A L L  S F T ( 3 9 9 D U M M Y )  
DO 1 2  1 ~ 1 9 6 0  

12 S C A L E ( I ) = l H  
S C A L E ( 1 ) = 6 H B O  M I N  
S C A L E (  1 3 ) = 3 Y O * 2  
S C A L E ( 2 5 ) = 3 H O * 4  
S C A L E ( 3 7 ) = 3 H O e 6  
S C A L E (  49 ) = 3 H 0 * 8  

L =  1 
CJ=JSTEP 
J A = J S T E P + l  
R R = 1  . 
S A = R A + R B - S Q R T F ( R A * R A - R B * R B )  
R A = R B / . 2 7 9 2 7 7  

AAA=O. 
Q A = R B / C J  
DX=QA 
S B = Z * * R B / T O E  
DO 1 I = l r J A  
Q B = I  -1 
QC=QA*QB 

1 Y ( I ) = 6 . 2 8 3 1 8 5 3 * ( ( ( ( ( ( ( ( ( A ( l O ) * Q C + A ( 9 ) ) * Q C + A ( 8 ) ) * Q C + A ( 7 ) ) * Q C + A ( 6 ) ~ *  
l Q C + A ( 5 ) ) * Q C + A ( 4 )  )*QC+A(3))*QC+A(Z))*QC+A(l))*QC 

GO T O  2 0 0  
2 I A=AAA 

C A L L  P O I N T S  ( 2  ,FL ( L  1 9 I A  1 
Z=Z+DT 
L = L + l  
GA=SB*Z  
G B=R A+R B-GA 
I F ( G A - 2 . * R B ) 3 9 4 , 4  

4 F L O = 0 .  
GO T O  3 0 0  

3 I F ( G A - R B )  5 9 5 9 6  
5 B A = G A / C J  

D X = S A  
RB=RB-GA 
AAA= 1 e 

Y ( 1 ) =O. 
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DO 8 K = 2 9 J A  
E = K - 1  

B D = ( B C * B C + G B * G B - R A * R A ) / ( 2 . + B C w G B )  
B E = A T A N F ( S Q R T F ( l . - B D * B D ) / B D )  

BC=BB+E*BA 

8 Y(K)=2.*8E*(((((((((A(lO)*BC+A(9))*BC+A(E))*BC+A(7))*BC+A(6))*BC+A 
1 ( 5 ) ) * B C + A ( 4 ) ) * a C + A ( 3 1 ) ” 8 C + A ( 2 )  ) * B C + A ( l ) ) * B C  

GO TO 200 
IF( GA-SA 110,  11 9 11 

Q X = C A  

CB=GP-RR 
A A A = 3  
Y ( 1) =O.  
DO 9 K = 2 9 J A  
E A = K - 1  
CC=CB+ EA*C A 

6 
11 C A = ( Z . * R B - G A ) / C J  

C D = ( C C * C C + G B * G B - R A * R A ) / ( ~ O * C C * G B )  
C E = A T A N F ( - C D / S Q R T F ( l o - C D * D )  1 
C F = 1  e 5 7 0 7 9 6 3 - C E  

9 Y(K)=2.*CF*(((((((((A(lo)*CC+A(9))*CC+A(E))*CC+A(7))*CC+A(6))*CC+A 
1 ( 5 ) ) * C C + A ( 4 ) ) * C C + A ( 3 )  ) * C C + A ( 2 )  ) * C C + A ( l ) ) * C C  

GO T O  200 

D X = D 4  
10 n4= ( 2 o * R F - s A  ) / C J  

DB=GA-RB 
A A A = 2  0 

Y ( 1 )  =O.  
DO 1 5  K = 2 , J A  
E B = K - 1  
DC=DB+EB*DA 
DD=(DC*DC+GE*GB-RA*RA)/(2**DC*GB) 
I F ( R A + R A - ~ R * G @ - D C * D C ) 2 0 * 2 1 ~ 2 1  

2 1  D E = A T A N F ( - D D / S Q R T F ( l o - D D * D )  1 
D F z 1 . 5 7 0 7 9 6 3 - D E  
GO TO 1 5  

2 0  D E = A T A N F ( S Q R T F ( l * - D D * D D ) / D D )  

1 5  Y(K)=2.*DF*(((((((((A(lO)*DC+A(9))*DC+A(B))*DC+A(7))*DC+A(6))*DC+A 
D F = 3 . 1 4 1 5 9 2 6 - D E  

1 ( 5 ) ) * D C t A ( 4 ) ) * D C + A ( 3 )  ) * D C + A ( 2 )  ) * D C + A ( l )  ) * D C  
2 0 0  U=O. 

2 0 1  U=U+4.*Y ( I  1 
DO 2 0 1  I z 2 r J S T E P 9 2  

V=O. 
DO 2 0 2  I = 3 , J S T E P t 2  

2 0 2  V = V + 2 . * Y ( I )  
A R E A = ( Y ( l ) + U + V + Y ( J A )  ) * D X / 3 *  
I F ( A A A ) 2 0 3 r 2 0 3 , 2 0 4  

2 0 3  W R I T E  OUTPUT T A P E N 6 t l 2 0 v A R E A  
1 2 0  FORMAT ( 1 H O t 6 H A R E A  =Floe71 

F L T = A R F A  
C F L = F R A C T I O N A L  AMOUNT OF F L U X  L E F T  

F L  ( 1 ) = l o  
GO TO 2 

2 0 4  I F ( A A A - 2 * ) 2 0 5 t 2 0 6 , 2 0 6  
2 0 5  F L ( L ) = ( F L T - A R E A ) / F L T  

GO T O  2 
2 0 6  F L  ( L  1 = A R E A / F L T  
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G Q  T O  2 

WRITE OUTPUT TAPEN6,207,(FL(I)rI=l,L) 

CALL GRAPH(SCALE1 
RETURN 
END 

300 CALL GRID(Oo,6COo,Oo,o2) 

207 FORM4T(22HOFRACTIONAL INSOLATION//(lH ,10F8.3)) 

0123 * C A R D S  
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S U B R O U T I N E  NOCAL ( B E F O R E I A F T E R , F R A C T I A M O U N T ~ K U D E )  

D I M E N S I O N  D T D S ( 5 0 ) * T ( 5 0 )  
GO T O  ( 7 9 4 9 4 r 4 ) ~ K O D E  

7 M I N = 1  
M A X = 5  

C D A T A  NEEDED IS DECREASE I N  B R I G H T N E S S  TEMPERATURE ( D T D S )  PER 
C ONE PERCENT DECREASE I N  I R R A D I A N C E  DETECTED I N  S P E C T R A L  I N T E R V A L  
5 READ I N P U T  T A P E  5 9 1 9 ( T ( I  ) 9 D T D S ( I ) r I = M I N , M A X )  
1 F O R Y A T ( 1 O G )  

I F ( D T D S ( M A X ) I  2 , 3 9 2  
2 M I N = M I N + 5  

MAX=MAX+5 
GO TO 5 

3 MAX=MAX-1 
I F ( D T D S ( M A X ) )  6 , 3 9 6  

CNOCAL REDUCES SURFACE TEMPERATURES TO I N F R A R E D  B R I G H T N E S S  TEMPERATURES 

6 W R I T E  OUTPUT T A P E  6r89(T(I)rDTDS(I)rI=l,t~AX) 
8 F O R M A T ( - l T E M P E R A T U R E S o o * * * * D T / D S -  / ( 1 H  r 2 F 1 0 . 4 ) )  

R ET Lt R N 

I F ( K 0 D F - 3 )  2 0 9 3 0 9 4 0  
4 A F T E R = R E F O R E - F R E N C H ( B E F O R E , T , D T D S , M A X ) * A M O U N T  

20 RETt IRN 
4 0  F I R S T = A F T E R  
3 0  F R A C T = A F T E R / F I R S T  

RETURN 
END 

0026 +CARD! 
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S U B R O U T I N E  EXTRA (U,MODEL*NASA,L,Y,N(FLX) 
CEXTRA NEW HEAT CONDUCTION D I F F E R E N C E  EQUATIONS AND SURFACE BOUNDARY 
c C O N D I T I O N  E Q U A T I O N S  M A Y  BE I N S F R T E D  I N  T H I S  SUBROUTINE 

COMMON S C A L E , D E P T H , E , A I B ~ A A , B B , X I V , R , C , S , J , J A I J B V A A A  
D I M F N S I O N  U ( 4 2 , 2 2 ) t A ( l O ) , B ( l 0 )  ,AA(lO),BB(lO),SCALE(60),DEPTH(30) 
D I M E N S I O N  X ~ 1 O ) t V ~ 1 ~ ~ t R ~ 1 0 ~ , C ~ l ~ ~ ~ J ~ l 0 ~ ~ J A ~ l O ~ ~ J ~ ~ l 0 ~ ~ ~ ~ l O ~  
D I M F N S I O N  A A A ( 1 0 )  

C ENTRY TO E X T R A  WHEN MODEL = 4 , 5 9 6 9 7  
C N A S A = l  FOR C O N D U C T I V I T Y  EQ. I N  A LAYER 
C 2 FOR C O N D U C T I V I T Y  EQ. A T  A BOUNDARY 
c 3 FOR SURFACE BOUNDARY C O N D I T I O N  

1 0  RETURN 
20 RETURN 
3 0  RETURN 

GO T O  ( 1 0 , 2 0 , 3 0 ) t N A S A  

END 

0 3 1 6 * C A R D S  
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LISTING OF SAMPLE INPUT CARDS 

21 *CARDS 



-23- 

ILLUSTRATIVE SAMPLE INPUT 
I_ _--- 

L U N A R  E C L I P S E  PROGRAP V E R S I O N  I I I P  W R I T T E N  EV J .  L I N S K V  
B A S E 0  I N  P A R T  ON AN E A R L I E R  V E R S I O N  @V R .  MUNRO 

D E L T A  T = 30.0 
I R  E M I S S I V I T Y  =0.930 
B O L O M E T R I C  E M I S S I V I T Y  = 0.930 
D U R A T I O N  OF PEN. PHASE = 3360. SEC. C U R A T I C N  OF PEN. 4 UMBRAL P H A S E S  =12240. 

P O S I T I O N  ON MOON 

€ 1 9  =-0.685 XI =-o.i40 C C S I Z I  = ‘2.7150 

MODEL 3 L I N E A R  

D E L T A  X ( C M 1  C O N O U C T I V I T V  O E h S I T V  S P E C I F I C  + E A T  R A T I O  S I C M I  GAPCA G A M ( 3 5 0 1  D I F F U S I V I T V  C I F F U S I V I T V ( 3 5 0 1  

0.133 0.22400E-07 1 .o 0.57100E-C3 0. C. 
Z. 400 0.22 800E-06 1 .o 0.571006-03 C .  C. 
1.303 3.22800E-06 1 .o 0.57100E-03 C .  C. 
2.000 0.2280OE-06 1 .o 0.57100E-03 C. 0. 
4.300 0.22800E-06 1 .o 0.57100E-C3 C. C. 
8.300 0.2280UE-06 1 .o 0.57100E-03 C. C. 

0.392E-04 C. 798.9 0. 
0.399E-03 C. 250.4 0. 

C. 250.4 0. 0.399E-03 
C. 250.4 0. 0.399E-03 
C. 250.4 0. 0.399E-03 
C. 250.4 0 .  0.399E-03 

L A V E R  O E P T H S  4 10 16 22 2 5  30 

R A D I O  C O M P U T A T I C N  PARAMETERS 

P O T E L  R E F L E C T I V I T Y  I N D E X  OF R E F R A C T I O N  485. C O E F F I C I E N T  POWER C O S 1 T H E T A . I N I  

1 0.0745 1.675 o.ioaccE-cc -1.ccco 0.9~872 
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L U N A T l  ON PARAMETERS 

DELTA T =153.0 
T I M E  FOR LUNATION = 0.2551443E 07 SEC. 1.CCCC MONTHS 
DUKATION OF RUY = 0.5102886E 07 SEC. 2.CCCC MONTHS 
SUBSOLAR P C l N T  TEMP 395.00  

I N I T A L  CONDITIONS ( A L L  DEPTHS P R E  IN CP. P N C  TEMPERATURES I N  DEG. K )  
354.561 

0. 361.000 0 .133 352.000 0 . 2 t 7  343.CCC C.4CC 335 .000  
1 2 0 0  329.503 1 .605 327.000 2.0CO ?24.COC 2.4CC 321.COC 
3.850 312.003 4.8'30 306.000 5.800 3OO.COC t . 8 C O  2S4.CCC 
8.800 283.305 10 .800 272.000 12 .800 262.CCC 14.8CO 255.CCC 

18.800 248.300 20 .800 245.000 2 4 . 8 0 0  237.CCC 2@.8CC 232.000 
4 0 . 8 0 3  227.000 48 .800 228.000 56.@CO 229.0CC 64.8CO 23C.OOC 

SUNSET AT 8.2910AYS 

SUNRI LE AT 23.057OAYS 

HOURS ELAPSED = 6.00 
NEXT F U L L  MOON I N  7 0 2 . 7 3  HCURS 
Z € N I T H  ANGLE OF SUN 43.83 CEGREES I N  CPRKNESS FOR 0. HOLRS 
TEMPERATURE DI S TR I BUT1 ON 

355.524 (SIJRFACE @RIGHTNESS TEMPERPTURE 1 
J .  361.997 5 .133 353.650 0 . 2 6 7  3 4 5 . 1 2 3  C.4CC 336.410 
1 . 2 0 0  331.220 1 . 6 0 0  328.645 2.CCO 326.CeC 2.400 323.544 
3 . 8 3 0  314.714 4 .800 308.559 5.8CO 3 0 2 . 5 8 1  t .  8 C O  296.807 
8 .835 285.988 1 3 . 8 0 0  275.732 12.eCO 266.874 14.8CO 259.567 

18 .390 249.052 2 0 . 8 0 0  245.171 24.8~0 238.214 2 e . e c c  233.181 
40.830 2 2 7 . 4 3 6  4 8 . 8 3 0  228.026 5 6 . 8 ~ 0  228.994 64 .860 229.882 

HOURS ELAPSED = 12.00  
NEXT F U L L  MOON I N  6 9 6 . 7 3  HCURS 

TEMPERATURt O J S T R I B U T I  Oh 
Z E N I T H  ANGLE CF SUN 43.47  CEGREES I N  CARKNESS FOR 0. HOURS 

356.133 (SURFACE BRIGHTNESS TEMPERITURE 1 
3 .  362.62 7 0 . 1 3 3  354.575 0 . 2 t 7  346.354 c .4cc 337.957 
1 . 2 3 0  332.955 1.601) 330.470 2 . C C O  327.999 2.4CO 325.544 
3 . 8 0 0  317.509 4 . 8 0 0  311.054 5.800 3 0 5 . 2 t @  C.8CO 2S9.677 
8.Uc)O 289.180 1 0 . 8 0 0  279.188 12 .800 27C.37C 14.8CC 262.794 

18.830 2 5 1 . 1 7 9  2 3 . 8 0 0  246.885 24 .eco 239.444 2 e . e c c  234.336 
4 0 . 8 3 0  2 2 7 . 9 0 9  4 8 . 8 0 3  228.099 56.f3CO 228.9@3 64.8CO 229.79C 

HOURS t L A P S E D  = 18.00 
NEXT F U L L  POON I N  690.73  HOURS 
ZEPJITH ANGLF OF SUN 43.27  DEGREES I N  DPRKNESS FOR C. HOURS 
TE HPE RA TURE 01 STR 18UT I O h  

356.491 ( S U R F I C E  @RIGHTNESS TEMPERlTURE)  
s .  362.998 3 . 1 3 3  355.257 0 . 2 6 7  347.356 C .4CC 339.29C 
1.230 334.484 1 . 6 3 0  332.094 2.CCO 329.715 2.4CO 327.348 
j e t 3 3 0  319.113 4 . 8 0 0  313.354 5.RCO 307.745 t . 8 C O  3C2.31C 
8.H3O 292.346 1 0 . 8 0 0  282.216 12.8CO 273.4C7 14.8CO 265.685 

1 8 . H 3 0  253.482 29.8UO 248.879 24.800 24C.e81 2F.8CC 235.506 
4J. l )UO 2 2 8 . 4 0 3  4 8 . 8 0 0  2 2 9 . 2 1 1  5 6 . e C O  228.976 64.8CC 229.719 

c .  800 
2. 800 
7.800 

l t . 8 0 0  
32.800 
72.800 

c .  800 
2.800 
7 . 8 0 0  

16.800 
32.800 
72.800 

c. 800 
2.800 
7.8CO 

1e.800 
32 .800 
7 2 .  R O O  

c.  8CO 
2.8CO 
7 .  R O O  

1t.RCO 
32.800 
72 .000 

332.000 
3 1  9 .  COO 
288.000 
2 5  1 000 
229.000 
230.000 

3 3 3  8 0 9  
3 2 1 . 0 2 1  
291.266 
253.730 
230.252 
230.000 

335.451 
323.105 
2 9 4  307 
256.433 
2 3  1 2 9 4  
2 3 0  000 

336.883 
324.996 
297.070 
259.05'3 
232.268 
2 3 0 .  aoo 

H L U ' I S  FLAPSED = 24.00 

L t U I T H  ANGLE OF SUN 4 3 . 2 5  OEGREES I N  CARKNESS FOR 0. HOURS 
TEMPERATURE D I S T R I R U T I O K  

w x r  F U L L  MOON IN 6 8 4 . 7 3  H C U R S  
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R A D I O  TEMPERATURES FCR MOOEL 1 R b Y L E I C k - J E b N S  ASSUMEC 

R E F L E C T 1  V I  T Y  I NOEX CF R E F R A C T I C N  
0.0745 1.675 

DAYS 

cl. 
1.00 
2.0d 
3.03 
4. O J  
5.03 
6.  OJ 
7.03 
8.03 
9.00 
10.33 
l l . 0 d  
12. OJ 
1 3 - 0 0  
14. O J  
15.0U 
16. Od 
17.05 
18.Od 
19 .0 )  
20.0J 
21.03 
22.03 
23.0) 
24. Od 

25. Od 
26.0~ 
27.00 
28.0J 

3.103 

3 1  1.767 
316.416 
317.614 
315.346 
309.390 
299.273 
283.917 
26J.842 
221.430 

165.208 
155.949 
149.39 1 
1 4 3 . 6 5 6  
139.173 
135 .373  
132.089 
129.200 
126.646 
124.355 
122.286 
120.435 
110.684 
111.101 
191.030 
234.546 
262.396 
282.663 
297.411 

179.572 

0.330 

297.377 
303.531 
306.506 
306.300 
302.775 
295.568 
283.964 
266.036 
236.313 
200.410 
184.229 
173.543 
165.566 
159.204 
153.944 
1 4 9  - 4 8  1 
145.622 
142.236 
139.232 
136.542 
134.1 1 3  
131.906 
i29.087 
128.032 
118.343 

245.314 
265.626 
281.155 

217 .404 

AeS . C O E F F  I C  I E N 1  POWER COS I THETA I N )  
0 1CCOCE-OC - 1 .0CCC C.90872 

0.430 

292.408 
298.965 
302.437 
302.840 
300.045 
293.720 
283.144 
280.911 
239.608 
205.084 
189.627 
178.130 
170.533 
163.973 
1 5 8 . 5 3 4  
153.910 
149.906 
146.391 
143.269 
140.471 
131.944 
135 -647  
133.545 
131.612 
175.963 
212.969 
239 -838 
260 -217  
275.788 

0.8tC 

275.211 

287.385 
289.485 

205.173 
28C. 9 15 
266.203 
246.254 
219.94C 
204.07 2 
194. I t  5 
185.836 
175.045 

168.41C 
164.117 
1 6 0 . 3 2 2  
.56.933 
~ 5 3 . 8 8 1  
151.11? 

146.269 
144.137 
113.163 

225.112 
243.589 

282.64e 

20e.835 

17  3. ~ 2 0  

148.587 

202.1se 

250.36e 
270.1123 

1.250 IWAVELELGTHS I h  CC. )  

264.259 
271.656 
276.185 
219.618 
280.048 
277.836 
212.618 
263.316 
241.480 
225.145 
212.214 
2C2.346 
194.431 
187.877 
182.201 
177.420 
113.141 
169.331 
165.9 10 
i 6 2 . e i i  
i 59 .9e8  
157.4C5 
155.C22 
152.818 
174.639 
198.408 

234.521 
248.068 
259.C18 

2 ie .139  

39.03 307.76 4 292.620 287.465 
29.53 31 1.692 291.250 292.262 275.052 Lbj.Z>Y 

MEAN T 212.316 214.508 215.437 216.153 216.429 

AMP OF C O S  105.209 91.654 87.78b 7 2 . 3 ~ 8  62.149 

PHASE LAG 36.122 42.393 44.940 51.334 55.637 G E O M E T R I C A L  PHASE LAG C F  CRATER 11.011 C E G R E E S  
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-2 7- I .  PENUHBKAL FLUX 

JSTEP = sa  

SOLAR L I C R  D A R K E N I N G  P A R I V E T E R S  

G.1003144E 31-30 1212055E 02  0.7406737E 02-0.1661142E C 3  0.161CC21E C 3  
- J .  5743413E 02-9. -0. - C  . - C .  

AREA = 2.4045744 
I 

F R A C T I  ONAL I NSOLATI  Oh ! 
1.000 9.999 3.998 
0.968 0.962 0.957 
3.900 3.892 0.883 
0.857 3.797 0.786 
0,698 0.687 3.676 

I 

0.592 0 . 5 8 2  0.571 
Cia 487 0.476 0 - 4 6 6  
3.377 0.365 3.354 
0.257 0.245 0.233 
0.144 0 . 1 3 4  0.124 
0.055 0 . ~ 4 8  3,941 
0.033 0.001 0 .003 

3 - 9 9 6  
0.951 
3.875 
3.775 
3 0666 
3 .561 
3 0455 
3 - 3 4 2  
0.221 
0.115 
3 . 3 3 5  
a. 

0.993 
3.944 
3.866 
0.764 
0 .655  
0 . 5 5 1  
0.444 
0. 3 3 3  
0.210 
0.105 
O o C 2 9  

C.590 0.5@6 0 .982  (2.978 
C.938 @ o s 3 1  C.923 C.916 
0.856 c.e47 0.e37 c.827 

c . 5 4 0  c.529 c . m  c.5ce 

0.753 '2.742 0.731 Co72C 
c.644 O . c ' 3 4  C.623 (2.613 

0 . 4 3 3  (2.422 0.411 C.4CC 
C.217 C . 3 C 5  0,293 0.281 
C.198 O.1E7 0.176 0.165 
O o C 9 6  O.C@8 0.07% C o C 7 1  
C o C 2 3  OoC18 O o C 1 3  C o O C 9  

0.973 
0.908 
0.817 
C 7 0 9  
0 6 0 2  
0.497 
0.389 
0.269 
00155 
00c63 
C.006 



I N I T I A L  TEMPERATURE C I S T R I B U T I C N  

J .  MINUTES ELAPSED 
U. 361.178 0.133 
1 . 2 0 ~  330.463 1.600 
3.803 314.043 4.800 
8.801) 285.311 10.800 

18.800 243.356 20.800 
40.800 221.187 48.800 

0. 1 .OOOO 0.1333 
1.2003 0.9150 1.6000 
3.8003 3.8695 4.8000 

RAT1 0 OF TEMPERATURES 

8.8000 0.7899 10.8000 
18.8003 0.6738 20.8000 
40.8005 0.6124 40.8000 

3 0 . 3 0 M I N U T E S  ELAPSED 
V .  313.107 0.133 
1.203 330.161 1.600 
3.800 314.237 4.800 
8.800 285.546 10.800 

40.803 221.224 48.800 

0.  0.8669 3.1333 

3.8003 0.8700 4.8009 

18.8005 0.6744 20.8003 

18.80U 243.578 20 -800 

R A T I O  OF TEMPERATURES 

1.2303 0.9141 1.6003 

8.8000 0.7906 10.8000 

40.8003 0.6125 48.8000 

60.00MI NUTES ELAPSED 
U. 215.941 0.133 
1.203 325.470 1.609 
3.803 314.361 4.803 
0 . 8 3 3  285.779 13,800 

18.800 243.800 20.800 
40.800 221.262 48.805 

RAT1 0 OF TEMPERATURES 
0. 0.5840 0.1333 
1.2000 0.9011 1.6333 
3.8003 0.8704 4.8300 
8.8903 0.7912 10.8303 

18.8000 0.6753 20.8335 
40.8303 0.6126 48.8505 

352.842 
3 2 1  .898 
307.924 
274.829 
238.249 
223.509 

0 e9769 
0 a9079 
0 A 5 2 6  
3.7609 
0.6596 
0 -6188  

329.688 
327.894 
308.129 
275.071 

223.514 
238.456 

0.9128 
0.9078 

0 -7616  
0.8531 

1) - 6 6 0 2  
0.6188 

264.27 1 

308.324 

238.663 
223.519 

0.7317 
0.9059 
0.8537 
0.7623 
0 -6638  
0 - 6  189 

325.390 

275.312 

-2  8- 

0.267 
2.000 
5 .800  

12.800 
24.800 
56.800 

0 e2661  
2.cooo 
5.8000 

12.8000 
24.8000 
56.8000 

C.267 
2 .ooo 
5 800 

12.800 
24.800 
56 - 8 0 0  

0.2667 
2 .oooo 
5 e8000 

12.8000 
24 - 8 O O C  
56 -8000 

C .267 
2 .ooo 
5 - 8 0 0  

12.800 
24.800 
5 6 . 8 0 0  

0.2667 
2 .oooo 
5.8000 

12.8000 
24 -8OOC 
56.8000 

344.332 

3C1.974 
325.350 

265.334 
229.494 
226.230 

0.9534 
C - 9 0 0 8  
0.8361 
0.7346 
0.6354 
C .6264 

?34.357 
325.464 
302.189 
265.578 
229.667 
226.224 

c.9257 
C.9011 
0 . 8 3 6 7  
C.7353 
C.6359 
0.6264 

297.  e 7 4  
324.218 

265.822 
202.402 

229.839 
226.218 

C.8247 
0.8971 
0.8373 
0.7360 
0.6364 
C.6263 

0.400 
2.400 
6.800 

14.800 
28.000 
64.8CO 

C.4000 
2.4000 6.8CCO 

14. 8 C O O  
28.0COO 
C 4 . 8 C O O  

0.400 
2.400 
6.800 

14.800 
28.800 
64.800 

C.4000 
2.4000 
6.0000 

14. 8 C O O  
28.8COO 
64.8000 

C.400 
2.400 
6 . 8 0 C  

14.800 
28.800 
64.800 

c .4coo  
2.4COO 
6.8CCO 

14. e c c o  
64.8COO 
z e . 8 ~ ~ 0  

335.638 
322.821 
296.211 
256.900 
224.375 
228.368 

0. $293  
0.8938 
0 .  e201  
0.7113 
0.6212 
0.6323 

333.006 
322  979  
296.434 
257.141 
224.510 
228.363 

0.9220 
0. 0942 
0.0207 
0.7120 
0.6216 
0.6323 

319.1C3 
322.415 

257.381 
224.646 
22 8.351 

0.0835 

0. e214 
0.7126 
0.6220 
0.6323 

296.656 

0.e927 

0. 800 
2.800 
7.800 

16.800 
32.800 
72.800 

0.8000 
2.8000 
7.8000 

16.8000 
32.8000 
72.8000 

0.800 
2.800 
7.800 

16.800 
32 800 
72.800 

0.8000 
2.8000 
7.8000 

16.8000 
32.8000 
72.8000 

0.800 
2.800 
1.800 

16.800 
32.800 
12.000 

0.  R O O 0  
2.  8000 
1 . 8 0 0 0  

16.8000 
32.8000 
72.8000 

333.043 
320.312 
290.652 
249.569 
222.207 
230.000 

0.9221 
0.8869 
0.8047 
0 e69 10 
0.6152 
0.6368 

332.0 24 
320.488 
290  8 8 2  
249  802  
222.301 
230.000 

0.9193 
0.8873 
0.8054 
0.6916 
0.6155 
0.6368 

323.732 
320.256 
291.110 
250.035 
222.401 
230.000 

0.8963 
0.8867 
0.8060 
0.6923 
0.6158 
0.6368 
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46.8003 3.6127 48.8000 

120. OOHINUTES ELAPSEO 
0. 189.391 0.133 
1.201) 307.934 1.600 
3.800 312.699 4.800 
8 .803  286.239 10.800 

18.800 244.241 20.800 
40.800 221.339 48  -800 

R A T I O  OF TEMPERATURES 
0. 0.5244 0.1333 
1.2000 0.8526 1.6000 
3.8000 0.8658 4.8000 
8.8000 0.7925 10.8000 

18.8000 0.6762 20.8000 
40.8000 0.6128 48.8000 

150 .00MINUTES ELAPSEO 
0. 186.020 0.133 
1.200 301.131 1.600 
3.  800 310.674 4.800 
8 .800  286.455 10.800 

18.800 244.461 20.800 
40.800 22 1.378 48.800 

R A T I O  OF TEMPERATURES 
0. 0.5150 0.1333 
1.2000 0.8337 1.6000 
3.8000 0.8602 4.8000 
8.8000 0.7931 10.8000 

18.8000 0.6768 20.8000 

0.6 189 

231.761 
311.723 
308.097 
275.790 
239.075 
223.530 

0 -6417  
0 .8631  
0.8530 
0.7636 
0 e66 19 
0 -6 189 

226.471 
305 443  
307.312 
276.027 
239.28 1 
223.536 

0.6270 
0.8457 
0.8509 
0.7642 
0.6625 

5 6  e8COC 

0.267 
2.000 
5.800 

12.800 
2.4 - 8 0 0  
56 -800 

0.2667 
2 .oooo 
5.8000 

12.8000 
24.800C 
56.8000 

0.267 
2 .ooo 
5.800 

12.800 
24 800 
56.800 

0.2667 
2 .oaoo 
5.8000 

12.8000 
24.8000 
56.8000 

0.6263 

266.204 
313.992 
302.652 
266.3C5 
230.185 
226.206 

C e7370 
0.8694 
0.8380 
C.7313 

C.6263 
C.6?73 

259.766 
308.4C7 
30 2 4 84 
266. 546 
230.357 
226.201 

C.7192 
0.8539 
0.8375 
C.7380 
C ,6378 
C.6263 

64.8000 

C.400 
2 4 0 0  
6.800 

14.800 
28.800 
64.800 

0.4COO 
2.4COO 
6 .  8COO 

14.  ecoo 
2e.8ccc 
64.8COO 

0.400 
2.400 
6.800 

14.800 
28.800 
64.800 

0.4C00 
2.4COO 
6.8000 

14.8COO 
2 0 . 8 ~ 0 0  
6 4 .  8COO 40.8000 0.6129 48.8000 0.6189 

180 .00HINUTES ELAPSEO 
3. 183.379 0 ,133  
1.200 295.339 1.600 
3.800 308.265 4.800 
8 .800  286. 6 4 0  10 -800 

18.800 244.681 20.800 
40.800 221.418 48.800 

RAT1 0 OF TEMPERATURES 
0. 0.5077 0.1333 
1.2003 0.8177 1.6000 
3 0 8 0 0 0  0.8535 4.8000 
8.8000 0.7936 10.8000 

18.8003 0.6775 20.8000 
40.8003 0.6130 48.8000 

210.00MI NUTES ELAPSEO 
J. 202.788 0.133 
1.203 290,281 1 e603 
3.800 305.696 4.800 
8 .800  286.772 13 -800 

18.803 244.099 20.800 
43.809 221.457 48.800 

R A T I O  OF TEMPERATURES 
0. 0.5615 0.1333 
1.2503 0.8037 1.6300 
3.8500 0.8464 4.8000 
8 . 8 5 0 3  0.7940 10.8000 

18.8009 0.6781 20.8000 

222.327 
299 - 9 3 3  
306.116 
276.258 
239.486 
223.542 

0.6156 
0.8304 
0 .E475 
0 a7649 
0.6631 
0 -6  189 

222.959 
295.044 
304.633 
276.479 
239.691 
223.548 

0 -6 173 
0.8 169 
0 ,8434  
0.7655 
0.6636 

0.267 
2 .ooo 
5.800 

12.800 
24 . 800 
56 .EO0 

0 -2667 
2.0000 
5 e8000 

12.8000 
24.8000 
56.8000 

0 e267 
2.000 
5.800 

12.800 
24 .EO0 
56 800 

0.2667 
2 .oooo 
5.8000 

12.8000 
24.8000 

254.620 
303.322 
3C2.040 
266.785 
230.529 
226,195 

C.7050 
0.8398 
C.8363 
C.7387 
0.6383 
0.6263 

250.877 
290.720 
30 1.34 1 
267.021 
230.702 
226.189 

0 -6946  
0.8271 
0 a8343 
0.7393 
C e6387 

~ 

0.400 
2.400 
6.800 

140 800 
28.  eo0 
64.800 

C. 4COO 
2.4000 
6.8COO 

14.  8 G O O  
28.8000 
64.8COO 

C. 400 
2.400 
6 .  eo0 

14.800 
28.800 
64.000 

C.4COO 
2. 4COO 
6.8000 

14.8COO 
2 e . 8 ~ 0 0  

0.6322 

295.019 
314.963 
297.053 
257.860 
224.917 
228.346 

0.8168 
0. 8720 
0. 8225 
0.7139 
0.6227 
0.6322 

287.995 
31C.164 
297.143 
258.098 
225.053 
228.341 

0.7974 
0.8588 
0. 0227 
0.7146 
0.6231 
0.6322 

72.8000 

0.800 
2.800 
7.800 

16.800 
32.800 
72.800 

0.8000 
2.8000 
7.8000 

16.8000 
32 8000 
72.8000 

0.800 
2.800 
7.800 

16.800 
32.800 
7 2  800 

0.8000 
2.8000 
7.8000 

16.8000 
32.8000 
72.8000 

0.6368 

302.420 
314.859 
291.553 
250.499 
222.609 
230.000 

0.8373 
0,8718 
0.8072 
0.6936 
0.6163 
0.6368 

295.347 
3 10 869  
291.738 
250.730 
222.710 
230 000 

0.8177 
0.8607 
0.8077 
0.6942 
0.6166 
0.6368 

282.208 
305.610 
297.089 
258.335 
225.189 
228,336 

0.7814 
0.8461 
0.8226 

0.6235 
0.7153 

0.6322 

277.294 
301.387 
296.866 
258.571 
225.325 
228.331 

0.7677 
0.8345 
0. 0219 
0.7159 
0.6239 

0.800 
2.800 
7.800 

16.800 
32 800 
72.800 

0.8000 
2.8000 
7.8000 

16.8000 
32 8000 
7 2  8000  

0.800 
2 800 
7.800 

16.800 
32.800 
72.800 

0. R O O 0  
2.8000 
7.8000 

16.8000 
32.8000 

289.454 
306 e9  11 
291 8 58 
250.961 
222.811 
230.000 

0.8014 
0.8497 
0.8081 
0.6948 
0.6169 
0.6368 

284.369 
303.135 
291.884 
251.190 
222.913 
230.000 

0.7073 
0.8393 
0.8081 
0.6955 
0.6172 
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I MINUTES ELAPSED 

0. 
5.00 

10.3L 
15.30 
20.00 
25.35 
30.33  
35.0; 
40.00 
45.30 
50.30 
55.00 
60. .IC) 
65. 00 
70.3G 
75.30 
80.00 
85-  03 
90.30 
95.00 

130.33 
l 'J5.30 
110.00 
115.3; 
120.03 
125.33 
139.30 
135.30 
140.00 
145.33 
150.20 
155.30 
163.3131 
165.00 
170.00 
175.30 
180.05 
185.33 
190.00 
195.00 
200. u-9 
205.00 
213.30 
215.00 
220.30 
225.30 
230.30 
235. 30 
240.00 
245.00 
250.00 
255.30 
260.00 
265. O i l  
270.JO 
275.00 
280.09 

SURFACE T E P  B R I G H T  T E M .  

3 6 1  18 
359 26 
354.22 
346 55 
336 -53 
325.37 
313.11 
298 088 
280.99 
26d.11 
238 - 4 3  
219.30 
2 li) 094 
206.11 
202 -60 
199 -94 
197 -85  
196 16 
194.77 
193.58 
192 e55 
19 1.64 
190 -83  

354.7334 
352.8829 
348.0139 
340 5868 
3 30 8 8  14 
323,0675 
308.1690 
294.3598 
276 974 5 
256.6679 
235 4637 
216 07932 
238 06 1 5 9  
233 8 8 3  1 
200,4467 
19708376 
195 - 7 9  17 
194.14U7 
192.7725 
1 9 1  06 1G6 
190 0602 1 
189 7097 
188 09071  

F R A C T I O N  

1. C O O C  

OoS81C 
0.96Cl 
0.9328 
O.SO23 
0.8687 
0.8298 

o . s94e 

0 . 7808 
0.7236 
0.663e 
0.6111 
0.5881 
0 5748 
0.5651 
0.5577 
0.551s 
0.5473 
0.5434 
0 54C2 
0 5373 
0.5348 
0 .5325  

189.39 
188.75 
188.15 
187  -58 
187 e 0 3  
186.52 
1 8 6  e92 
185.54 
185 -08 
184.64 
184  e20 
183.79 
183.38 
182 e98 
182.60 
182.22 
181.85 
184.16 
202.79 
228.51 
254.85 
277.70 
295.79 
311.07 
324.75 
336.99 
346.60 
353.3 1 
356.42 
357.33 
357.89 
358.27 
358.54 

187.4994 
186,8699 
186 2786 
185.7194 
185-1878  
184.6799 
184.1928 
183.7243 
183.2723 
182.8352 
182 4 116 
182,0006 
18 1 - 6 9  10 
18 1. 2 120 
180.8330 
180 04632 
180o1322 
182.3716 
200 6320 
225 08329 
251.5357 
273.7747 
29 1.3620 
3060 1909 
3 1 9  04617 
33 1 3342 
34306432 
347.1258 
350 1378 
35 1.0137 
35 1,5547 
351.9 197 
352.18G4 

0.5286 
0 5268 
0.5251 
0.5235 
3.522C 
0 . 52C6 
0.5192 
0.5179 
0.5166 
0 .5154 
0 . 5 1 4 2  
0.5131 
0.5119 
0.5108 

0 5087 
0.5077 
0.5141 
0 . 5 6 5 6  
0.6365 
0.7091 
0.7718 
0.8214 
0,8632 
0.900t 
0 0934C 
0 9603 
C.9786 
0.987C 
0 09895 
OoS91C 
0.9921 
0.9928 

0.509e 
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285.39 
290.9ir 
2 9 5 . 3 5  
3 3 0 . 3 3  
3i15.30 
3 A O .  J3 
315.a33 

358.74 3 5 2 , 3 7 5 7  O m s 9 3 4  
358.90 3 5 2 , 5 2 8 2  0 . s 9 3 e  
3 5 9 . 3 2  3 5 2 . 6 5 1 8  0 . 9 9 4 1  
359e13 3 5 2 - 7 5 5 1  0 . 9 9 4 4  
3 5 9 . 2 2  3 5 2 . 8 4 3 9  0 . 9 9 4 7  
3 5 9  e 30 3 5 2  e 9 2  17 0.9949 
359.37 3 5 2 . 9 9 1 1  0,9951 
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R A D I O  TEMPERATURES FCR NCDEL 1 R I Y L E I G E - J E b N S  ASSUMEC 

R E F L E C T I V I T Y  I N D E X  CF R E F R A C T I C N  A @ S .  C O E F F I C I E N T  POWER C O S ~ T H E T A I I N )  
0.0745 1.675 0 .  10COOE-00  -1.OCOO 0.90872 

MI N 0.100 0.330 0 -430  0.8tC 1.250 IWAVELEhGTHS I h  CC.1 

2. 
c 30.03 

60.03 
9U.01, 

120. O J  
153.03 
18G.03 
213.33 
243.03 
273. Od 
30G. 03 
326. 30 

311.692 
304.352 
282.324 
269.518 
262.230 
256.644 
251.918 
249.767 
270. 595 
285.568 
291. 101  
293. 337 

297.250 
294.797 
286.426 
280.271 
275.764 
271.913 
268 A 7 6  
265.952 
271.871 
277 - 4 3 4  
280  266 
2 8 1  0427 

292.262 
290 9392 
283.827 
278 - 8  1 6  
275.031 
2 7 1  - 7 4 2  
268 0769 
266.499 
270.859 
275.140 
277 - 4 0 3  
278 - 3 5 0  

275.052 
274.1e7 
270.82e 
268 -094  
265.921 
263.966 
262.154 
2 6 0 . 7 0 ~  

264.785 
265.9ee 

262- 641  

266.512 

263 . 959 
261  . 487 
261. 110 
259.2 1C 
257.666 
256.205 
254. 958 
253.887 
255. 193 
256.655 
257.51C 
257. 893 


