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ABSTRACT 

Computation of the Insolation Tables for the amount of sunlight 

received per square centimeter at any position of the planet's surface 

and at any time of orbit for the planet Mars has been programmed for 

the IBM 7074 computer. 

tion of previous work on insolation curves which had been compiled 

The values represent an extension and modifica- 

before the Mariner ZV results concerning the atmosphere of Mars were 

known. 

terrestrial atmosphere circulation patterns since the seasonal storage 

of insolation is small on Mars, and as a consequence the latitudinal 

gradient of ground temperature and the differential heating of the air 

should both vary seasonally on Mars in the same way as the effective 

insolation. 

These new computed values have been applied to predict extra- 

Profiles and contour plots of computed insolation values taken from 

the Tables compare favorably with changes in color patterns observed 

during the Martian year, suggesting that many of the striking Martian 

features depend on clearance and deposition of yellow dust which is 

influenced by the diurnal pattern of winds on Mars. 

mountain range anchoring a zone of anticyclones which would contribute 

The effect of a 

to the shape of the maria is indicated for the region 30" south latitude 



and 130" west longitude; the suspected anticyclones increase with size 

starting with small ones at Phaethontis, and increasing in s'ize in the 

order of: 

and OgygSs Regio. 

Electris, Eridania, Ausonia, Hellas, Naochis, Argyre I, 



SUMMARY 

Computation of the Insolation Tables for the amount of sunlight 

received per square centimeter at any position on the planet's surface 

and at any time of orbit for the planet Mars, have been programmed for 

the IBM 7074 computer. 

on insolation curves 

calculations. 

seasonal but the daily patterns on Mars, the Tables give values for 

application to specific theories and models. 

The Tables represent an extension of Mintz's work 
1 and their application to extraterrestrial weather 

Because of the interest in predicting not only the 



METHODS 

For purposes of versatility and rapid computation, an IBM 7074 

computer was utilized for the calculations of the following: 

A. .The radial distance of Mars from the sun, 

B. The inclination of the axis of the planet t o  the plane of 

its orbit, and 

The heat received by any specific square centimeter of the 

planet's surface. 

C. 

To calculate the amount of heat energy received on the surface 

of Mars for any particular time of the day and of the year, it is 

necessary to evaluate both the radial distance, R, and the angle, Ls, 

that the planet makes as it travels in its orbit around the sun. The 

angle, e, which is a constant for any given year, must also be 

determined. A diagram of these parameters is shown in Figure 1. 



A .  Radial Distance of Mars from the Sun 

The relationship between the angle, E, described by the planet. 

as it moves along i t s  orb i ta l  path and the time of the year, fs given 

. by Kepler's equation, 

E - e s in  E = (TI P 

where E i s  the eccentric an0m~il.y~ 

P i s  the time required f o r  a f u l l  orbi ta l  

revolution of the planet, 

T i s  the number of days since perihelion, 

e i s  the eccentricity of the planet's orbit.  and 

The mean anomaly, My equals the right hand side of equation (I) or 

where P ' i s  the complete period (687 days) of the Martian 

orbi t  around the sun, 

and T i s  any particular time of the year. 

Therefore, given My an equation i s  required t o  express E i n  terms of M. 

Once the value of E is  determined ( for  any time of the year, T) ,  the 

radius vector from the planet t o  the sun and the angle Ls follow from 

the equation of the ell ipse.  

planet's axis t o  the orbit. 

Kncrwing Ls yields the inclination of the 

The calculation of E(M) proceeds as follows: 

M = E - e s i n E  
Efj E5 s i n E =  E - -  3: * 7 "  . e * *  

theref ore 
e$ .eE5 M =  E - eE j. I;- - - 3 .  51 



Now E(M) may be of the  form 

(3 1 E(M) = aM + bM 3 + cM 5 .... 
where a, b, and c are constants t o  be determined. 

Substituting Eq. (3) in to  Eq. ( e ) ,  and neglecting higher order % e m  

yields: 

M = (1-e)(aM + b$ + cM5) + 5 (a3$ + 3a2bM5) - - a  e 5 5  M 
5 :  

and equating l i k e  powers of M t o  deternine the constants a, c ,  and c 

g&es the following: 

(34  1 
1-e 

a='"-- 

This a l t e r s  Eq. (3) t o  the following: 

At t h i s  point, using the binomial expansion fo r  - yields: 
(l-eln 

Rearranging the terms of Eq. (5) i n  terns of ser ies  of sine of multiple 

angles, we obtain a Fourier ser ies  expansion: 



and since e << 1, a l l  of the higher terms can be neglected. 

Referring t o  Figure .1, the radius, R is  described by the equation2; 

R = a ( l  - e cos E) 0% 
where a i s  the distance i n  A.U. from'the sun t o  the 

vertex of the orbit .  

Substituting Eq. (6) into Eq. (6.1 completes the derivation yielding 

the radial distance of the planet from the sun at any given time of the 

year. 

B. Inclination of the Axis of the Planet t o  the Plane of i t s  Orbit 

Having determined E as a function of M, it i s  possible t o  define a 

new angle, y (see Figure l), as a function of E. 

the e l l ipse , 
From the equation of 

2 

tan ($1 =ix tan (5) E 
1-e 

The angle, Ls, can be found from the geometry of the ell ipse.  By 

inspection: 

Ls = y ... 113.44" (8) 
d 

The angle of inclination of the planet's axis t o  i t s  orbit, Ds, 

i s  given by the following relationship: 

D~ = sin(Ls) (9) 

Eq. (9 )  w a s  obtained by inspecting tables' of Ds and Ls. In Eq, (81, 

113.44" is  the optimized value obtained by running a computer program 

that  calculates the radius vector. mis calculated value was compared 



to the radius vector i n  the and the value of 8 was varied 

s l ight ly  to obtain minimum error. Everything else  was constant. 

By substituting Eq. ( 6 ) ,  (79, and (8) in to  Eq, (91, the angle 

of the planet's axis to i t s  orbit ,  Ds, may be calculated as a function 

of the time of the Martian year, 

C. Heat Received by a Square Centimeter of the Planet's Surface 

The amount of heat received from the sun by a square centimeter 

of the planet 's  surface, a t  normal incidence t o  the sun's rays, w i U  

be proportional t o  the inverse square of the radial distance of the 

planet t o  the sun. That is: 

(101 
K s = -  

R2 

where K is  a constant, 

S i s  the amount of heat incident on the square centimeter, 

R is  the rad ia l  distance of the planet t o  the sun. and 

The value of the solar constant, S, i s  2.00 small cal.  per min. on one 

sq. cm., and represents the amount of the sun's energy received on a 

square centimeter of a black body surface incident t o  the sun's rays 

and located a t  a distance of 1.0 A.U. away fromthe sun, 

From Eq. (lo), 
2 

' cal. A.U. 

day cm 
K = SR2 = 2880.0 2 

The greatest amount of energy received by the planet, S (=)9 W i U  

occur when the planet i s  i n  i t s  perihelion, Since the t i m e ,  T, i s  

zero a t  the perihelion, the eccentric anomaly must also be zero from 

Eq. (6). Eq. (6a) now reduces to the form: 

R I ad1 - e) = l.521 (1.0 .. 0.0934) = 1.3789 A.U. 

theref ore 



cal. = 1514.6 
(=I cm day 

S 

Since M a r s  i s  not a black body, it w i l l  not absorb a l l  of the sun's 

energy; the value of the albedo of Mars used here i s  A = 0.26. 

Therefore the effective insolation on the surface of Mars (perpendicular 

to sunlight) i s  
C a l .  S(L - A)(-) = 1120.8 2- 

cm day 

a t  perihelion. 

Because the planet i s  assumed to be spherical, a general point 

a t  the surface w i l l  not have normal incidence of the incoming rays of 

the sun. From consideration of Figure 2 and the rules of spherical 

geometry, this  f ac t  can be accomodated. The actual computer program 

does not calculate R; it calculates R /a where "a" i s  the distance i n  

A.U. from the sun ( a t  the focal  point of the Martian orbi t )  t o  the 

vertex of the Martian orbit .  

is changed t o  W in  the computer program, where 

2 2  

A) (=I To take this in to  account, S(1 - 

The amount of energy received by a square centimeter of surface, as it 

makes a revolution about i t s  axis, w i l l  be given by 

2 
S ( 1  - A) = W(%) [cos(Ds J- 90") cos (90" - lat i tude) 

D 



RESULTS 

The values of the amaunt of heat energy received on the surface of 

M a r s  fo r  any particular Martian time of the day and time of the year 

are l i s t ed  i n  Table 1. 

sols t ice  occurs in  the southern hemisphere. 

inclination of the planet i s  most negative. 

mean anomaly can be calculated and from th i s  the time of the year (T) 

January 1st was taken as the day t h a t  the winter 

This i s  the time that the 

Knuwing th i s  fact, the 

can be found. For these calculations, the winter sols t ice  occws 38 

days past the perihelion. Also, the length of the Martian day i s  taken 

as being 24 Martian hours, thus the calculations are started a t  midnight 

or a t  a point on the Martian sphere direct ly  opposite the noontime sun. 

Arbitrarily, the names of 12 equal Martian months are  taken fromthe 

names of analogous earth months, and are considered i n  terms of four 

seasons. 

Figure 3a shows the dai ly  noon, mean, and midnight effective insola- 

t ion on Mars, [S(l-A)], at  the time of the northern hemisphere winter 

sols t ice  ("January J-St"), when A = 0.26. From the northern hemisphere 

pole t o  65" la t i tude there i s  no insolation; from t h i s  la t i tude the mean 

daily insolation r i ses  t o  i t s  maximum a t  the pole of the southern hemi- 

sphere. 

southern hemisphere, 

hemisphere there i s  some insolation a t  midnight. 

followed i n  Figures 3b - 38 as the seasons change. 

The noontime insolation has i t s  maximum a t  25" la t i tude of the 

From -65" la t i tude t o  the pole of the southern 

These variations can be 

The values used i n  

constructing Figures 3-5 were taken from Table 1. 

Figures 4 and 5 permit a comparison of the dai ly  and noon effective 

insolation patterns with the propagation and extent of darkenrlng phenom- 
4-6 e 

enon observed on the Martian surface.. In general, the surface 



temperature of Mars w i l l  follow the effective insolation [S(l-A)] both 

seasonally and diurnally since most of the energy is  absorbed by the 

ground and the seasonal storage of insolation i s  small. 
e 

Latitude and longitxde measures of many points during the last 

50 years shm no appreciable change of position of the "coastlines" 

and other prominent markings on the  planet. 

the in tens i ty  of coloring. 

The only variations &e i n  

Overall, there is strong meteorological 

evidence tha t  the  dark markings are  primary and l i g h t  markings are 

secondary. 7r8 The l i g h t  and dark prominent features form bmds, The 

most prominent dark band i s  located just south of the equator between 

about 0' and -30" la t i tude.  

0' and 60" lat i tude,  and the southern hemisphere between -30" and -60" 

la t i tude.  Both polar areas above 560' l a t i tude  axe dark again, except 

f o r  b r i l l i a n t l y  white polar caps which change i n  extent and disappear 

The northern hemisphere i s  l i g h t  between 

according t o  season. 

The general circulation i s  made up of the  mean conditions over a 

long period. On Mars, wind is  considered an important, effective agent 

of transportation and surface modification. The insolation plots  for 

l a t i tude  and heliocentric longitude indicate remarkable agreement w i t h  

the expected general trends of Martian darkening phenomenon that  could 

be associated w i t h  the  planetary circulation pattern.  
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FIGURE CAPTIONS 

Figure 1, 

Figure 2. 

Schematic Orbit of Mars Around the Sun. 

Geometric Representation of Angular Relationships f o r  

2 a cm Area on the Martian Suxface. 

Figure 3. Profiles of the Effective Insolation Received During 

Each of I2 Equal k r t i a n  Months Identified by the  

Names of Analogous Earth Months. 

(a)  

(b) 

(c) 

(d) 

(e) 

( f )  

(g) 

(h) 

( i )  

(j) 

(k) 

Insolation Received on January lSt 

Insolation Received on February lSt 

Insolation Received on March lSt 

Insolation Received on April 1st 

Insolation Received on May lSt 

Insolation Received on June 1st 

Insolation Received on July lst 

Insolation Received on August 1 

Insolation Received on September lS* 

Insolation Received on October lSt 

Insolation Received on November lSt 

st 

( e )  
Daily Average Insolation Values Plotted t o  Indicate 

Insolation Received on December lSt 

Figure 4. 
Trends which may be Responsible f o r  Generating the 

General Planetary Circulation Pattern. 

(a) Composite of the Daily Average Insolation Profiles 

for  the I2 Martian Months. 

Contour Plot Utilizing the Same Insolation Values 

f o r  -99" t o  J-90" Latitude vs. the 12 Martian Months. 

(b) 



Figure 5. Noon Insoh t ion  Values 

(a) 

(b) 

Composite of the noon InsoIa,tion ProfiXes 

Contour Display of the Same Values. 



figure I ,  Schematic Orbit of Mars ‘Around the 
Sun 
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TABLE CAPTIOq 

Diurnal and Daily Average Effective Insolation ‘Values Computed 

for  the First Day of Each of I 2  Equal Martian Months. 
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APISlENDIX A 

FORTRAN Program 



C O M P I U  XUN FORTRAN 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

TS=MUMBER O F  DAYS TO JANUARY IST 
TINC=NUMBER OF DAYS THAT T W I L L  BE IXCRESIENTED 
%TIME OF THE YEAR (VARIABLE) 
EEbECCEMTRICITY OF THE ORBIT 
THA'kCONSTANT ARGLE 113.44 DEGREES 
W=KEAT RECEIVED AT PERIHELION 
THIN=INCREMFNT OF LATITUDE 
N=MUMBER O F  HEAT CALCULATIONS PER DAY PER LATITUDE 
TYISINTERVAL OF TIME BETWEEN HEAT CALCSULATIONS 
h D J M E N S I O N  OF ORBIT 
Pl-IIkWIMUM INCLINATION O F  AXIS, 

(COUNTED FROM PERICKELIOM) 

(N*TT!&724) 

101 
102 
103 
104 
105 
106 
107 
108 
109 
U O  
ll1 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

DfMENSION H(100) ,XXT(3O) 
READ 51,TS,TINC,EEY!EMIW1T,W,THIN 
READ 53,N,TTTyA,PHIX 

P1=3.1416/2.0 
r=Ts/687.0 
XHAT=THAP3.1416/180 0 
DE= (1. O ~ E E  ) / ( 1. 0-EE) 
ABC=SQRTF ( DD) 

IF( 11-1)1,1,101 
bIF(I1-2)2,2,102 
IF ( 11-3 13 ? 3 2 103 

(11-5) 5,5,105 

IF 01-91 9Y 9,109 
IF( 11-10) 10,10,110 
IF (11-11) ll,11, 111 

~=180. O/THIN+~. 0 

DO 14  11=1,12 

IF ( 11-4) 4 4 104 

IF (11-6)6,6,106 

IF (11-8)8,8,108 
(11-7) 7,7,107 

PRINT 212 
Go To goo 
PRINT 211 
GO TO 900 
PRINT 210 
Go T o  goo 
PRINT 209 
Go TO 900 
P R I N T  208 
GO TO 900 
P R I N T  207 
Go TO 900 
P R I N T  206 
GO TO 900 
PRINT 205 
GO TO 900 

PRINT 203 

PRINT 204 
GO TO 900 

GO TO 900 
P R I N T  202 
GO TO 900 
PRINT 201 



900 

52 

16 

17 
18 

20 

13 

14 
201 
202 
203 
204 
205 
206 
2 07 
208 
209 
210 
2 s L  

XM=2.03.1416*T 
&XM+EWSINF (XM)+O. 5*EE”AEE”;SINF (2 .o”xM) 
U=L. O/ (1. O-EE*COSF ( E) ) 
Z==u*u 
ES=E/2 e 0 
PP--ABG+SINF(ES)/COSF(ES) 
G W - 2 .  WATANF ( PF) 
SkGNU=XHAT 
PHI=PHIM*SLNF ( SL) 
R=A*SQRTF ( 1 e O/Z ) 
PHIX=PHI*3.1416/180 0 
F= PI+PHIX 
THATA= PI 
XXT( L)=o. o 
DO 52 KK=2,N 
KKX=KK-l 
XXT(KK)=XXT(KKK)+TTT 
P R I N T  22 ,R 
PRINT 23,m1 
PRINT 24, (XXT(KK) J X = ~ , N )  
PRINT 25 
PRINT 26 
DO 13 J = l , K  
T%-l2 0/24 e 0 
Fq=PI-THATA 
m o . 0  
DO 20 I = l , N  
SS=COSF (F)*COSF (FF)+SIW (F)*SINF ( F F ) W O S F (  4 O*PI*TT) 
H( I)=W+Z*SS 
IF ( H ( I 1 1 1 7  , 17,18 
H( I ) = O .  0 
TPTWTTT/24.0  
HT=HT+H( I) 
CONTINUE 
CCCC=N 
HAVE=HT/CCCC 
T H A T A X = ~ ~ O .  O-XTHATA/3.1416 
P R I N T  44,THATAX,HAVE, ( H ( 1 )  , I = l , N )  
THATA=TKATA-(3.1416/180 .O)*!L’HIN 
3=T+TINc/687.  o 
CONTINUE 
FORMAT ( IHl 2 0 X  ,34HINSOLATIOK 
FORMAT ( l H l , 2 0 X  , 3 5 I ~ S O L A T I O N  
FORMAT( IHl ,2OX932HINSOLAT1ON 
F O W T  ( 1H1920X,32KCNSOLATION 
FORMAT( IHl,20X ,30HINSOLATION 
FORMAT ( 1 H 1 , 2 0 X  , ~ l H I N S O L A T I O N  
FORMAT( 1II1,2OX ,3lHINSOLATION 
FORMAT ( l H 1 , 2 0 X  ,33HIRSOLATION 
FORMAT lHl, 2 0 X  ,36HINSOLATION 
FORMAT l H l , 2 0 X  ,34HINSOLATION 
FORMAT i l H l , 2 0 X  ,3 5HINSOLATION 

2 12 FOIWAT ( lHl;2 OX 3 5HINSOLATION 

RECEIVED ON JANUARY 1ST) 
RECEIVED ON FEBRUARY 1ST) 
R E C E I W D  ON MARCH 1ST) 
REXEIVED ON A P R I L  1ST) 
RECEIVED ON MAY 1ST) 
RECEIVED ON JUNE 1ST) 
I?F:CEXVED ON JULY 1ST) 
PUK!KLWD ON AUGUST 1ST) 
RECEIVED ON SEP’TEMBER lST) 
RECEIVED ON OCTOBER 1ST) 
RECEIVED ON NOVEMBER 1ST) 
RECEIVED ON DECEMBER U T )  



5 1  FORMAT(SF10.3) 
53 FORMAT (I10 , '7F10.3) 
22 FORMAT(lHOy10X,15HDISTA.N~ TO SUN,2X,F7.4,2X,4HA.U,) 
23 FORMAT(lHO,1OX,1gKCLINATION OF AXIS,W:,F6.2,2X,7HDEGREES) 
24 FORMAT 7HOy10HTIME(HRs.) , 9 x y g ( F 5 . 1 y ~ ) ) ~  
25 FORMAT 1H ,LOX, 5HDAILY) 
26 FORMAT I J H  , ~HLATITUDE ,1x , 7HANERAGE) 
44 FORMAT (lH ,F7.iyF8. 1 , 1x , 9( F8,1,2X) ) 

STOP 
END 
" , 

+38.0 437.25 4-0.0934 * ' +113.44 4-98.0 4-10.0 
8 ++3.0 +l. 52 -23 99 



APEXDM B 

FORTRAN Program: Coxnents 



Symbol 

TS - 

TINC - 

T -  

EE - 
THAT - 

w -  
THIN- 

N -  

TnT - 

A -  

m -  

Statement 

Number of days t o  January 1st counted f rm the perihelion. 

January 1st i s  the day tha t  the winter sols t ice  dccurs i n  the 

southern hemisphere. 

the planet i s  most negative. 

This i s  the time tha t  the inclination of 

The inclination is  called PHI i n  

the program. This time corresponds t o  the time when Ls (called 

SL i n  the program) = 270O. With th i s  information, the mean a n d  

can be calculated, and from t h i s  time of the year, T, can be foun 

The winter sols t ice  occurs 725 days dnto the orbi t  or 725-687 = 

38.0 days past* perihelion. 

It was decided t o  make the M a r t i a n  year have J2 months. The period 

each Martian month has 687/12 = +57.25 dayslmonth 

incremented) 

Time of the year (variable) 

Eccentricity of the orbi t  = 0.0934 

i s  an angle ( in  degrees) tha t  i s  described by the 

Fig. 1. This number is  a constant. The value of 

the program was 113 .&bo. 

of revolution = 687 days (Martian days) = earth days; therefore, 

= TINC. (T 

arc (6) shown i n  

2 
i s  the heat received a t  the perihelion = 928.0 cal/cm -day 

The increment of la t i tude = 10.0 

Number of heat calculations per day per la t i tude = 8.0 

Interval of time between heat calculations = 3.0 [such tha t  N 

times TTT = 241. 

Dimension of orbi t  = 1.52 

Maximum inclination of axis = -23.99 



From the computer printout: 

T h i s  statement t e l l s  the computer haw many l ines  of 18 
THIN 

K = -4-1 

data are t o  be printed 

PI = n/2 

T = rs/687 T h i s  converts the s tar t ing time, i n  days, t o  a f ract ional  

par t  of the Martian year. 

XHAT = (THAT) -& Converts (THAT) in  degrees t o  radians 

l+e 
1-e DD = -where e i s  the eccentricity of the orbi t  

-900 XM = M This i s  the mean anomaly 

E = XM+esin(XM)+ $ e2sin(2XM) This is the eccentric anomaly and is  

Eq. (6) i n  the text .  

a (Eq. 6a i n  the text)  1 
= 1-e cos E) 

a2 z = -  
R2 a = distance i n  A.U. from the sun t o  the vertex of 

the orbi t  

R = radial distance of the plan 

ES = Starting to compute y (see ~ q ,  (7 ) )  2 

1-e 

PHL = -€'HIM SIN(SL) This i s  Eq. (9 )  where PHI = DS or the inclination 

of the planet's axis t o  the Martian orbi t ,  

inclination. The minus sign canes fromthe face tha t  the inclina 

t ion ( in  the Ephemeris ) i s  measured from the 8un instead of from 

PHIM is  the m a x i m  

3 

the planet. 



' 2  r 
2 a 

This i s  the rad ia l  distance of the planet = r  = a  - 1 R = a  - 
Z 

t o  the sun. 

PHrX = PHI(&) This converts the inclination t o  radians 

F = P I + P H M :  

Starting t o  compute angles of surfaces of the planet 

This i s  a variable (lati tude) with an i n i t i a l  d u e  of 

n/2 ( s t a r t s  a t  North Pole) 

THATA = PI = 2 

XXT(1) = 0 

through 

PRINT 26 

DO 13 J = i , ~  

These statements jus t  print-$he headings and labels on 

the printout 

Withih th i s  loop i s  contained a l l  of' the heat calculation 

for  any given time (month) of the year 

Assuming tha t  the Martian day has 24 hours, the calcula- 

tions are started a t  midnight or a t  a point on the 

Martian sphere direct ly  opposite the hoontime sun. 

i s  variable. 

TT = - 

TT 

FF = - THETA (Refer Fig. 2) 2 

ss = COS(S) (Refer Fig. 2) 

IFT-0 This s e t s  the accumulated heat received a t  any la t i tude 

during a Martian day equal. t o  zero. 

This loop within the f irst  loop does a l l  the heat cal- 

culations for  any particular lati tude.  

Do 20 I = l , N  

SS = COS(F)COS(*sin(F)sin(FF)cos(27rTT) This i s  a relation of the sides 

The various angles and angles i n  a spherical triangle. 

are sham i n  Fig. 2 .  If SS is  zero or negative th i s  

means tha t  the particular par t  of the Martian surface 



i s  not receiving any sunlight and therefore cannot 

any heat. This i s  the reason f o r  Statement 17 and 

receive 

the statement 

before it. 

16 H(I) = (W) (2) (SS) This is the actual heat computation. 

W i s  the heat received a t  perihelion on a surface t o  the sun's 

. SS takes into account rays. W = (T)S(l-A)- R2 = 928 ca l  

the f ac t  tha t  most surfaces are not 
a cm -day 

' t o  the sun's rays. 
2 

This takes into account the f ac t  t ha t  the amount of a 
r , 

z = 2  

heat received varies as the inverse equare of the planet's 

distance t o  the sun. ) 

TTT 18 TT = TT + 24 This statement increments the time of the day so a new 

calculation of the same la t i tude may be started.  

HT = HT + H(1) This jus t  adds up the heat from each calculation. 

This averages the heat received: HAVE = HT/cccc 
Total heat calculated during 24 hr, 

Number of calculations 
180 THATAX = (7) THATA Converts THATA (radians) t o  degrees t o  be used fo r  

printout. 

This pr ints  one l ine of data. PRINT 44 

13 THATA = THATA - (&)THIN 'This moves the la t i tude by the s e t  increment. 

Calculations s t a r t  f r o n t h e  North Pole and go t o  the 

South Pole. This i s  the end of the calculations f o r  

any given month. 
6 

This moves the program t o  a new month and a new set of T = T + ~ w  TINC 

heat calculations. 


