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EXPERIMENTAL PERFORMANCE EVALUATION OF A RADIAL-INFLOW 

TURBINE OVER A RANGE O F  S PEClFlC SPEEDS 

by M i l t o n  G. Kofskey and Char les A. Wasserbauer 

Lewis Research Center 

SUMMARY 

An experimental investigation was made to determine the effect of specific speed on 
efficiency for a 4. 59-inch radial-inflow turbine. The range of specific speeds investi- 
gated (72 to 108) at equivalent design speed and pressure ratio was obtained by changing 
volume flow, based on rotor exit conditions. Chahges in volume flow were accomplished 
by the use of stators having throat areas nominally 50, 75, 100, and 125 percent of design. 
The turbine was operated with air as the working fluid. 

of about 80 to 90. The peak total and static efficiencies were 0. 91 and 0. 87, respectively, 
for the 75-percent configuration. 

An understanding of the losses which contributed to the variation of turbine perform- 
ance with specific speed at design blade-jet speed ratio was made possible by an analysis 
which determined the magnitude of the various losses for each configuration. 
loss was the predominant contributor to the decrease in efficiency as specific speed was 
reduced from a value of 86. 
tributors to the decrease in performance when specific speed was increased above the 
value of 90. 
speed and pressure ratio, rotor reaction increased as specific speed increased. 

Rotor exit total-pressure and flow angle surveys indicated that low losses were 
obtained near the hub region of the rotor for all configurations at equivalent design speed 
and pressure ratio. Comparatively high losses were obtained near the outer wall. These 
increased losses may have resulted from tip leakage effects with blade unloading, as well 
as from centrifugation of low-momentum fluid to this region. 

Maximum total and static efficiencies were obtained over the specific speed range 

Stator 

Rotor incidence and viscous losses were the primary con- 

Stator exit static-pressure measurements showed that, at equivalent design 



. . . .. . . 

INTRODUCTION 

The current Brayton-cycle space-power technology program at the Lewis Research 
Center includes the experimental investigation of factors which influence the performance 
of small radial-inflow turbines. One such factor is the specific speed parameter, which 
relates the operating variables of turbine rotative speed, volume flow based on exit con- 
ditions, and ideal specific work to turbine geometry and aerodynamic performance. 

inflow turbines of various sizes and for a wide range of inlet conditions. This reference 
shows that high efficiency is attainable for a specific speed range from 65 to 105, with a 
significant reduction in efficiency outside this range. 
clearance, and Reynolds number effects a r e  present in the specific speed - efficiency 
correlations but are not examined separately. Therefore, the experimental investigation 
described herein was conducted to determine the specific speed effect on performance 
for  a particular turbine size with rotor tip clearance and Reynolds number held constant. 

Two approaches were considered to achieve the range of specific speeds. One was  
to design and fabricate an optimized stator and rotor configuration for each specific 
speed point, and the other was to use several stators with one rotor configuration. The 
second approach was chosen because it would minimize time and cost of the program; 
however, less than optimum turbine configurations may have resulted, especially at the 
extremes of the specific speed range. 

The 4. 59-inch-tip-diameter radial-inflow turbine of reference 2 was chosen as the 
research turbine. The design specific speed for this turbine is 95.6. Three additional 
stators having throat areas nominally 50, 75, and 125 percent of design were fabricated. 
The four configurations cover a specific speed range of 68 to 107 at equivalent design 
speed and pressure ratio. 
pressure ratios at equivalent design speed. 

and shows the specific speed effect on turbine efficiency. 
of equivalent weight flow and efficiency at equivalent design speed over a range of pres- 
sure ratios. 
variation through the turbine and radial variation of exit flow angle and loss distribution 
at the rotor exit. 

Reference 1 shows specific speed - efficiency correlations for a number of radial- 
v 

However, turbine size, rotor tip 

Each configuration was investigated over a range of turbine 

This report presents the performance of the subject turbine for each configuration 
Results a r e  presented in terms 

Internal flow characteristics a r e  presented in terms of static pressure 

SYMBOLS 

2 
g 

H' 

gravitational constant, 32. 174 ft/sec 

isentropic specific work based on total-pressure ratio, ft-lb/lb 
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J 

N 

NS 
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Re 
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W 

cc 

Y 

6 

E 

V S  

qtot 

e c r  

l-l 

V 

specific work, Btu/lb 

mechanical equivalent of heat, 778.029 ft-lb/Btu 

turbine speed, rpm 
specific speed, NQ1/2/(H*)3/4, ft3l4/(min)(sec 1/2) 

pressure, psia 

volume flow (based on exit conditions), cu ft/sec 

Reynolds number, w/prt 

radius, f t  

blade velocity, ft/sec 

absolute gas velocity, ft/sec 

*ideal jet-speed corresponding to total- to static-pressure ratio across turbine, 
(2gJ ft/sec 

relative gas velocity, ft/sec 

weight flow, lb/sec 

absolute rotor exit gas flow angle measured from axial direction, deg 

ratio of specific heats 

ratio of inlet total pressure to U. S. standard sea-level pressure, p;/p* 

function of y used in relating parameters to that using air inlet conditions at U. S. 

standard sea-level conditions, 
Y 

static efficiency (based on total- to static-pressure ratio across turbine) 

total efficiency (based on total- to total-pressure ratio across turbine) 

squared ratio of critical velocity at turbine inlet to critical velocity at U. S. standard 
sea-level temperature, (vCr, 1 /~z r )2  

gas viscosity, lb/(ft)(sec) 

blade-jet speed ratio (based on rotor inlet tip speed), U /V 
t j  

Subscripts: 

c r  

id ideal 

w outer wall 

condition corresponding to Mach number of unity 
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t tip 

1 station at turbine inlet 

2 station at stator exit 

3 station at turbine exit 

Superscripts: 

* absolute total state 
* U. S. standard sea-level conditions (temperature equal to 518.67' R and pressure 

equal to 14.696 psia) 

TURBINE DESCRIPTION 

The 4. 59-inch-tip-diameter radial-inflow turbine described in reference 2 was 
selected for this investigation. A i r  equivalent design values are as follows: 

Equivalent weight flow, w c K J 6 ,  lb/sec . . . . . . . . . . . . . . . . . . . .  0.616 
Equivalent specific work, Ah/Ocr, Btu/lb . . . . . . . . . . . . . . . . . . . . . .  

Total to total efficiency, qtot . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Total to static efficiency, qs 

11.9 

Equivalent total- to static-pressure ratio, pi/p3 . . . . . . . . . . . . . . . . .  1. 540 
0. 880 
0. 824 

Equivalent speed, N / G ,  rpm . . . . . . . . . . . . . . . . . . . . . . . . . .  29 550 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Blade- jet speed ratio, v . . . . . .  . . . . . . . . . . . . . .  0.697 

95.6 l j i  3 j 4  * - - - - i/i ) Specific speed, Ns, NQ /(Ht)3/4, ft  /(min)(sec . . . . . . . . . . . . . .  

The range of specific speeds at equivalent design speed and pressure ratio was ob- 
tained by changing volume flow by using stators with different throat areas. This was 
done by essentially changing the stator blade angle. Three additional stators having 
nominal throat areas of 50, 75, and 125 percent of design were used to obtain nominal 
specific speeds of 68, 83, and 107. 

ured stator throat areas  were 49.6, 75.3, 96.1, and 126.1 percent of design. Here- 
after, each stator and rotor combination will be referred to as the 50-, 75-, loo-, and 
125-percent configuration. One stator blade of each configuration had an elongated 
leading edge to block the flow from entering the small area end of the inlet scroll. A 
description of the 100-percent configuration including velocity diagrams is given in 
reference 2. The 100- and 125-percent stators each have 14 blades, whereas the 50- 
and 75-percent stators have 18 blades each. In order to maintain acceptable stator-blade 

Figure 1 shows the four stators and the rotor used in the investigation. The meas- 
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75 Percent design 

100 Percent design 

50 Percent design 

125 Percent design 
m 

C-66-1327 

Figure 1. - T u r b i n e  rotor and four  stators. 

surface velocities, the 50-, 75-, and 125-percent stators have slightly different shapes 
than the 100-percent stator. 

It may be noted that, although the throat area of the 100-percent stator was 3 . 9  per- 
cent smaller than design, results (as reported in ref. 2) showed that equivalent design 
weight flow was obtained at equivalent design speed and pressure ratio. Attainment of 
equivalent design weight flow results from the flow check procedure, in which the rotor 
throat area is increased by cutting back rotor trailing edges until equivalent design 
weight flow is obtained. 

the initial third of the rotor, thereby increasing the solidity in this region. 
decrease in loading was required at the hub to prevent low blade pressure-surface gas 
velocities. 

The rotor has 11 blades and 11 splitter vanes. These splitter vanes are used over 
The resultant 
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APPARATUS, INSTRUMENTATION, AND METHODS 

The test facility, instrumentation, and method of calculating performance parameters 
were the same as those described in reference 2, except that air was used as the working 
fluid. Figure 2 shows a cross-sectional sketch of the turbine test section and the instru- 
ment measuring stations. A varying area scroll  was used to obtain uniform inlet con- 
ditions at the stator inlet. A center body was used at the rotor exit to obtain measurement 
of exit static pressure at the hub and at the outer wall. Radial surveys of total pressure, 
total temperature, and flow angle were made at the rotor exit. 

per square inch absolute and 540' R and resulted in a weight flow of 0.657 pound per 
second at equivalent design speed and pressure ratio. A nominal Reynolds number of 
277 000 was calculated from this result; Reynolds number is defined herein as 
Re = w/prt. In order to eliminate the effects of changes in Reynolds number on turbine 
efficiency, this parameter was held constant for all configurations at equivalent design 
speed and pressure ratio. 
configurations until a weight flow of approximately 0.657 pound per second was obtained. 
Table I shows the values of inlet total pressure and temperature and the pressure ratio 

The 100-percent configuration was tested at nominal inlet conditions of 16.0 pounds 

Thus, the inlet total pressure was adjusted for the other 

I 
CD-8655 I 

Static pressure 
Total pressure 

A Angle 

Total temperature 
Station 1 2 3 

Figure 2. - Turbine test section and instrumentat ion.  
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TABLE I. - EXPEFEMENTAL OPERATING CONDITIONS 

Configuration, 
percent design 

125 
100 
75 
50 

M e t  total 
pressure, 

psia 

13.0 
16.0 
19.2 
27.2 

~ 

Inlet total 
; emperahre ,  

OR 
~ 

536 
540 
540 
54 2 

~ 

~~ 

Pressure- ratio 
range 

1.28 to 2.13 
I. 30 to 2.16 
1.29 to  2.26 
1.31 to 2.32 

range over which the turbine was inves- 
tigated for each configuration. 

of both total and static efficiency. 
Turbine inlet and exit total pressures 
were calculated from weight flow, 
static pressure, total temperature, and 
flow angle. In the calculations of tur- 
bine inlet total pressure, the flow was 

The turbine was rated on the basis 

assumed to be normal to the plane defined by station 1. 
determined from turbine power measurements. 

The exit total temperature was  

RESULTS AND DISCUSSION 

The results of this investigation a r e  presented in two sections. The first section 
includes overall results in terms of equivalent weight flow and efficiency for a range of 
pressure ratios at equivalent design speed with cold air as the working fluid. 
of specific speed on turbine efficiency is then shown. The second section discusses the 
internal flow characteristics of the turbine as determined from exit radial surveys of 
angle and total- and static-pressure measurements through the turbine at equivalent 
design speed and pressure ratio. 

The effect 

Turbine Performance 

Weight flow. - Figure 3 shows the variation of equivalent weight flow w ~ c / 6  
Equivalent with inlet total- to exit static-pressure ratio at equivalent design speed. 

weight flows of 0.752, 0.615, 0. 519, and 0.367 pound per second were obtained for the 
12 5- , loo-, 75- , and 50-percent configurations at the equivalent design pressure ratio 
of 1. 54. The variation of weight flow with increasing pressure ratio indicated that the 
flow was subsonic over the entire range of pressure ratios covered. 
shows that near choked flow conditions were obtained for the 50-percent configuration 
at the pressure ratio of 2.32. The combination of near choked flow conditions obtained 
for the 50-percent configuration and the flattening of the weight-flow curves with decreas- 
ing stator-throat area indicates that the velocity level through the stator blade row was 
increasing with decreasing stator throat area. 

for equivalent design speed and pressure ratio. Equivalent weight flow is expressed as 

- 

The figure also 

Figure 4 presents the variation of equivalent weight flow with stator throat area 
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I-- 

/ 

/- 

1.9 2.0 2.1 2.2 

Percent 
configuration 

125 
100 
75 
50 

2.3 
I l l  

In le t  total- to exit static-pressure ratio, p i / p j  

F igure 3. -Var ia t ion of weight flow wi th  pressure rat io and  stator throat  area at equivalent design speed. 

1 
140 

120 

100 

80 

I 60 

40 60 80 100 120 140 
Percent stator throat  area 

Figure 4. -Var ia t ion of weight flow w i th  stator 
throat  area a t  equivalent design speed and  pres- 
sure ratio. (Based on measured throat  area of 
100-percent stator. ) 

I 

a percentage of the experimental equivalent weight 
flow obtained with the 100-percent configuration. 
The dashed line shown on the figure represents the 
case where equivalent weight flow is directly pro- 
portional to stator throat area. Comparison of the 
experimental curve with the ideal case shows that 
the weight flow increases at a lower rate than the 
rate of area increase. 
pressure ratio pz/pi increased with increasing 
stator throat area and, therefore, rotor reaction 
increased. This change in rotor reaction resulted 
from the variation of stator to rotor throat area 
ratios of the four configurations. The change in 
rotor reaction among the four configurations is 
discussed further in the section Internal Flow 
Characteristics. 

Efficiency. - Figure 5 shows the variation of 
total and static efficiency with blade- jet speed ratio 
for each configuration. The highest efficiencies, 
at design blade- jet speed ratio, were obtained with 
the 75-percent configuration. Total and static 

This indicates that the stator 

8 



(a) 125-percent configuration. 

c (b) 100-percent configuration. 
m .- .u - 1.0 

.9 

- 
Y 

.8 

.7  
(c) 75-percent configuration. 

Blade - j e t  speed ratio, u 
(d) 50-percent configuration. 

Figure 5. -Var ia t ion  of efficiency w i th  blade - j e t  speed rat io at equivalent design speed. 

efficiencies were 0. 91 and 0. 87, respectively, for this configuration. These values are 
significantly higher than the total and static efficiencies of 0.89 and 0. 83 obtained with 
the 100-percent configuration. At design blade- jet speed ratio, the lowest efficiencies, 
total and static, were obtained with the 125-percent configuration. These values were  
0. 85 and 0.77 for the total and static efficiencies, respectively. 

static efficiency, decreases with decreasing stator throat area. For example, at the 
design blade- jet speed ratio of 0.697, approximately 8 points in efficiency are attributed 
to rotor kinetic energy for the 125-percent configuration, while only 3.0 points in effi- 
ciency are attributed to rotor exit kinetic energy for the 50-percent configuration. This 
decrease in rotor exit velocity with decreasing stator throat area results from the change 
in the stator to rotor throat area ratio among the four configurations. The figure also 
indicates the variation of rotor exit kinetic energy with blade- jet speed ratio. 

The level of rotor exit velocity, as indicated by the difference between total and 

Comparison 
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of figures 5(a) and (d) shows that there was a greater rate of change in exit kinetic energy 
with increasing blade- jet speed ratio (decreasing turbine pressure ratio pi/p3) for the 
12 5-percent configuration than for the 50-percent configuration. This effect results from 
the larger variation of weight flow with pressure ratio for the 125-percent configuration 
than for the other configurations, as shown in figure 3 (p. 8). 

Figure 6 shows the variation of total and static efficiency with specific speed for all 
four configurations investigated. The dashed line representes the variation of efficiency 
with specific speed at the design blade-jet speed ratio of 0.697. The upper plot in fig- 
ure  6 shows that the highest total efficiency value of 0.91 was obtained at a specific speed 
of approximately 86. This efficiency value is 2.0 points higher than the efficiency of 
0.89, which was obtained at the design specific speed value of 95.6 for the 100-percent or 
reference turbine configuration. It may be noted that the design blade- jet speed ratio 
curve (dashed line) passes through the peak efficiency point for all but the 50-percent 
configuration. The heavy curve shown in the figure represents the envelope of the effi- 
ciency curves for all configurations. This curve shows that maximum total efficiency 
is obtained in the specific speed range of about 80 to 90. 

for the four configurations. The highest efficiency value of 0.87 was also obtained at a 
specific speed of approximately 86. This value of efficiency is about 3.0 points higher 
than that obtained for the 100-percent o r  reference turbine configuration at the design 
specific speed of 95.6. The lowest peak static efficiency of 0.77 was obtained at a 

The lower plot in figure 6 shows the variation of static efficiency with specific speed 

I I I I  

1.0 
c 
c 0 
F 
5 .9 
c al 

V 
.- .- - - - .8 

s 
m c 

. 7  

Specific speed, N,, fi3’4/(min)(secl’2) 

Figure 6. -Variat ion of efficiency with specific speed at equivalent design speed. 
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specific speed of 111. It should be pointed out, however, that part of this decrease in 
static efficiency results from using the same rotor with each stator. 
percent configuration passes the largest volume flow of the four configurations, the rotor 
exit kinetic energy would be expected to be higher for this configuration. 

The variation of static efficiency with specific speed for design blade-jet speed ratio 
(dashed line) shows the same trend as the envelope curve represented by the heavy line. 
The highest efficiency of 0.87 was obtained at a specific speed of 86, and the lowest effi- 
ciency of 0.77 was obtained at a specific speed of 108. It may be noted that both total and 
static efficiencies obtained at design blade-jet speed ratio occur at or very close to the 
peak efficiency points for the 75- and 100-percent configurations and at lower values of 
efficiency for the other configurations. From these results, it appears that radial-inflow 
turbines should be designed for a specific speed range of about 80 to 90 for  the attainment 
of high efficiency. 

buted to the variation of turbine performance with specific speed at design blade- jet speed 
ratio, an analysis was made to determine the magnitude of the various losses for each 
configuration. The method used involved the determination of velocity diagrams for each 
configuration from measured turbine work, weight flow, inlet conditions of pressure and 
temperature, speed, stator throat area, and results of rotor exit surveys of total pres- 
sure and flow angle. Design loss distribution between the stator and rotor was used to 
proportion the measured overall turbine loss for the 100-percent configuration. Stator 
losses for the other configurations were then assumed to vary in proportion to the average 
of inlet and outlet kinetic energy as determined from the velocity diagrams. 

Rotor incidence losses were determined through adjustment of the actual incidence 
angle, which resulted in an effective relative whirl velocity different from the velocity 
diagram value. The adjustment depends upon the blade speed, the number of blades, the 
rotor diameter, and the volume flow at the rotor inlet. The use of the effective relative 
whirl velocity is analogous to the use of the slip factor for centrifugal impellers. The 
remaining losses w e r e  attributed to rotor viscous losses. Figuke 7 shows the results of 
these calculations. The various losses, expressed in terms of efficiency, a r e  shown as 
a function of specific speed. The magnitude of the exit kinetic-energy loss is shown by 
the difference between total and static efficiency values obtained from figure 5 (p. 9) at 
design blade- jet speed ratio. 

Figure 7 shows that rotor incidence loss increases as specific speed increases 
above 90. This increase in rotor incidence loss results from an increase in the stator 
exit flow angle (as measured from tangential) and a decrease in the stator exit velocity 
with increasing specific speed. 
increasing specific speed. The increase in rotor loss results from the increased rela- 
tive velocity level through the rotor. Part of the increase in rotor viscous loss can be 
attributed to the manner in which the range of specific speeds was obtained. Figure 7 

Since the 125- 

-~ Loss distribution. - In order to obtain an understanding of the losses which contri- 

Rotor viscous losses also increase substantially with 
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72 76 80 84 88 92 ' 

m 
'-Roto: incidence loss 

loo 104 11 B 
Specific speed, N,, f13/4/l~in)(sec1/2) 

Figure 7. -Variat ion of turbine losses with specific speed at equivalent design speed 
and pressure ratio. 

shows that there is no significant change in stator viscous losses as the specific speed is 
increased above a value of 86. This would indicate that the combined losses resulting 
from the velocity level through the stators and the boundary-layer blockage did not change 
to any large degree. 

Decreasing specific speed below a value of 86 results in an increase in stator viscous 
losses. The figure shows that the losses increase from about 5.0 points in terms of 
efficiency at a specific speed of 86 to about 11.0 points at a specific speed of approxi- 
mately 72. These losses may be associated with the increased velocity level through 
the stator and the increased boundary-layer blockage due to a larger ratio of wetted area 
to flow area. 

Calculations also indicated that rotor incidence losses were insignificant below a 
specific speed of 90. Rotor viscous and exit kinetic-energy losses decreased with de- 
creasing specific speed, since specific speed is proportional to the square root of the 
exit velocity when rotative speed, rotor throat area, and pressure ratio are constant. 

Internal Flow Characteristics 

The determination of turbine internal-flow characteristics for each configuration 
was based on the measured static-pressure distribution through the turbine, together 
with the results of a radial survey of turbine exit total pressure and flow angle. 

area at equivalent design speed and pressure ratio for the four configurations investigated. 
Rotor reaction decreases and stator exit velocity increases with decreasing stator throat 
area, as was noted in the discussion of equivalent weight flow. 

Figure 8 shows the variation in stator exit static pressure with design stator throat 
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55 
I 65 

0 
, 1 125 ji 135 

Stator throat area, percent design 

Figure 8. -Var ia t ion  of stator exit static pressure w i th  stator th roa t  area at equiva- 
lent  design speed and pressure ratio. 

. 4  .5 .6 .7  
Radius ratio, r / r w  

1 1.0 

Figure 9. -Var ia t ion  of t u r b i n e  exi t  flow angle w i th  radius rat io 
at equivalent design speed and pressure ratio. 

The results of a radial survey of exit flow angle taken at equivalent design speed and 
pressure ratio a re  presented in figure 9 for the four configurations investigated. It may 
be noted that, as the stator throat area was reduced, the exit flow angle changed from 
predominately overturning (as denoted by negative angles) to underturning over the entire 
passage height. This trend in exit flow angle with configuration is to be expected since 
the rotor exit relative velocity decreases with decreasing stator throat area. 

The variation of exit flow angle and exit total and static pressure with radius ratio 
indicated that there was a nonuniform work distribution from hub to outer wall for all 
four configurations, with minimum work occurring along the outer wall. 
due to blade unloading which results from tip leakage and from centrifugation of low 

This may be 
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. 3  . 4  . 

w Desiqn mean streamline 

5 .6 .7 .8 . 
Radius ratio, r / r w  

Oute 
wall 

1 

Figure 10. -Var ia t ion of t u rb ine  loss wi th  radius ra t io  at equiva- 
l e n t  design speed and  pressure ratio. 

momentum fluid to this region. 

calculated on the basis of the change in 
tangential momentum through the rotor and 
the radial distribution of total pressure at 
the rotor exit. These results are plotted 
in figure 10 in terms of turbine loss 
(1.0 - qtot) as a function of radius ratio. 
The figure shows that the largest radial 
variation in loss or efficiency is obtained 
with the 75- and 100-percent configurations. 
However, the magnitudes of the losses for 
these two configurations are substantially 
lower than those for the other two config- 
urations. The curves show low losses 
along the hub region and comparatively 
high losses in the region near the outer 
wall for all configurations. 

Local values of total efficiency were 

Calculations were made from experimental results to determine the radius ratio at 
which the weight flow was divided into equal parts. A radius ratio of approximately 
0.77 was calculated for all configurations. This coincides with the design mean stream 
line, as shown in figure 10. At the mean stream line the calculated local loss is approx- 
imately equal to the experimental value as obtained from overall performance for each 
configuration. 

SUMMARY OF RESULTS 

An experimental investigation was made to determine the specific speed effect on 
performance for a 4.59-inch-tip-diameter radial-inflow turbine at equivalent design 
speed over a range of pressure ratios. 
constant Reynolds number of 277 000 at equivalent design speed and pressure ratio. The 
effect of turbine size on performance was eliminated by use of the same rotor for each 
configuration. The range of specific speed values investigated at equivalent design speed 
and pressure ratio was obtained by changing volume flow through the use of stators having 
throat areas nominally 50, 75, 100, and 125 percent of design. From this investigation 
the following results were obtained: 

1. Comparison of actual equivalent weight flow with an equivalent weight flow, which 
is directly proportional to stator throat area, showed that there was a deficiency in 

Results are presented for operation at a nominally 
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weight flow for the 125-percent configuration and a surplus of weight flow for the 50- and 
75-percent configurations at equivalent design speed and pressure ratio. This difference 
in weight flows was attributed to the corresponding changes in rotor reaction which result 
from the use of the same rotor for each configuration. 

2. Maximum total and static efficiencies were obtained in the specific speed range 
of about 80 to 90. In this range, peak total and static efficiencies of 0.91 and 0.87 were 
obtained with the 75-percent configuration at a specific speed of 86. The lowest peak 
value of efficiency was obtained with the 125-percent configuration. For  this case, the 
total efficiency was 0.85 at a specific speed of approximately 108. The corresponding 
static efficiency was 0.77 at a specific speed of 111. 

gated at equivalent design speed and pressure ratio showed the following: 
3. An analysis of stator and rotor losses over the range of specific speeds investi- 

(a) Turbine losses were at a minimum for the specific speed range of about 80 to 90. 
(b) Stator viscous losses were the predominant factor in the decrease in total effi- 

(c) Rotor incidence and viscous losses were the predominant factors in the decrease 

4. Stator-exit static-pressure measurements obtained at equivalent-design speed and 

ciency as the specific speed was decreased from a value of 86. 

in total efficiency as specific speed was increased from 90. 

pressure ratio indicated that the highest rotor reaction was obtained for the 125-percent 
configuration. Rotor reaction decreased with decreasing stator throat area. 

5. Radial surveys of rotor exit total pressure and flow angle at equivalent design 
speed and pressure ratio indicated that minimum losses occurred near the hub region and 
the losses increased substantially near the outer wall. These increased losses may have 
resulted from tip leakage effects with blade unloading and from centrifugation of low- 
momentum fluid toward the outer wall. Comparison of losses between configurations 
showed that minimum losses were obtained from hub to outer wall for the 75-percent 
configuration. 

Lewis Research Center, 
National Aeronautics and Space Administration, 

Cleveland, Ohio, August 26, 1966, 
120-27-03-13-22. 
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NM 
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P 
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pW 

P 

r 

ri 

S 

T 

V 

X 

a 
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71 

P 

mass of ith perturbating body, sun mass units 

mass of reference body plus m, sun mass units 

Mach number 

atmospheric pressure, newtons/m2 
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power, w 

semilatus rectum, m 
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+ 

' Z  

radius from origin to object, m 

radius f rom origin to ith perturbating body, m 

aerodynamic reference area, mz 

temperature, OK 

time, see 

gravitational potential 

x,y, z accelerations due to gravity, m/sec 2 

absolute velocity, a/sec 

relative velocity, m/sec 

true anomaly, radians 

forces acting on object other than gravity, thrust, lift, drag, and 
perturbations due to perturbating bodies 

components of r, m 

angle between thrust and velocity vectors (sketch (a)), deg 

angle of rotation of thrust out of orbit plane (sketch (a))y deg 

power efficiency factor 

k2mr 

atmospheric density, kg/m3 

17 



o) argument of per icenter ,  radians 

6b equator ia l  longi tude of ascending node, radians 

Subscript:  

0 i n i t i a l  value 
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APPENDIX B 

VECTOR RESOLUTION 

Rela t ive  Velocity 

The r e l a t i v e  v e l o c i t y  i s  def ined as t h e  v e l o c i t y  of t h e  objec t  wi th  respec t  
t o  t h e  o r i g i n  body. 
t h i s  v e l o c i t y  i s  given by 

If t h e  o r i g i n  body i s  assumed t o  r o t a t e  about t h e  z-axis, 

+ + + - +  
V' = V - O X  r 

I n  x,y,z component form, 

Vk = vz 

I n  t h e  following sect ions,  t h e  atmosphere of t h e  o r i g i n  body i s  assumed t o  ro- 
t a t e  as a s o l i d  body a t  t h e  r a t e  co. -+ 

Thrust Resolution Along x,y,z Axes 

p e  t h r u s t  d i rec t ior i  i s  s p e c i f i e d  wi th  respec t  t o  t h e  r e l a t i v e  v e l o c i t y  vec- 
t o r  VI by t h e  angles a. and p, as shown i n  sketch (a)  (p. 4)- For resoluqion 
of t h p s t  vec to r  i n t o  
3nd P normal t o  and within t h e  r , V '  plane, respec t ive ly ,  such t h a t  VI ,  A, and 
P form an orthogonal s e t .  Thus, 

x,y,z compogegts, it i s  convenient t o  def ine  vec$ors+ A 

- + - + - +  
A r X VI = r e l a t i v e  angular momentum per  u n i t  mass 0 3 )  

+ +  
The t h r u s t  vec to r  can then be resolved i n  t h e  ?',A,P s e t  as: 

+ 
j? V' = FV' cos a 

+ +  
F * A = FA s i n  a s i n  p 
- + +  
F * P = FP s i n  a cos p 

Solving for 3 y i e l d s  

( V I  cos a + F  F = -  X ? -I- A s i n  a s i n  p ? X + P s i n  a COS p 5)  (B6) 
P2 
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or, i n  x,ylz component form, 

Fx = [VI cos ~ ( A ~ P ,  - &py) + A s i n  a s i n  P(P,V~ - P,v+> + P s i n  a cos p pX] 

0 3 7 4  

P2 

I F F~ = - [VI cos ~ ( A , P ~  - Q,) + A s i n  a s i n  ~(P,VG - P~v;) + P s i n  a cos p pY 
P2 

(B7-0) 

F F, = - [VI cos ~(A,P~ - A ~ P ~ )  + A s i n  a s i n  p(pXv;; - P~v;) + P s i n  a cos p P,] 
P2 

0 3 7 4  

Aerodynamic L i f t  and Drag Resolution Along x,y,z Axes 
+ + 

The drag vector  D i s  a l ined  with t h e  r e l a t i v e  veloci ty  vector  VI and i s  
therefore  given i n  x,y,z components as 

+ 
The lift vector  IJ m w  be resolved i n t o  components d o n g  the  previously de- 

f ined orthogonal s e t  V', Af and P by t h e  following r e l a t ions :  

( 3 9 4  

( B9b 1 
(J39c) 

- + +  
L . V ' = O  

-+ 
f : * ~ = ~ ~ s i n p  
+ +  
L - P = LP cos p 

Solving f o r  f: y ie lds  
- . L  + +  
L = - ( A  s i n  p P x VI + P cos p ?) 

P2 

or,  i n  x,y,z component form, 

( B l l a )  
XI 

L L, = - [A s i n  ~(P,v& - P~v;) + P cos p P 
P2 

5. = - L [A s i n  p(pZvi - P ~ v ~ )  + P cos p pY] ( B l l b  ) 
P2 

[A s i n  ~(P,v; - P~v;> + P cos p P, (Bllc) Lz = 7 1 

20 



TRANSFORMAITION EQUATIONS FROM ORBIT ELE3ENTS 

TO RECTANGULAR COORDINATES 

i 

From s p h e r i c a l  trigonometry used i n  r e fe rence  t o  t h e  c e l e s t i a l  sphere shown 
i n  sketch ( c ) ,  t h e  following r e l a t i o n s  may be derived f o r  t h e  p o s i t i o n  coordi- 
n a t e s  : 

x = r ( c o s  sd cos u - s i n  62 s i n  u cos i) (Cia> 

y = r(sin Q cos u + cos hb s i n  u cos i) ( C m  

where 

P 
1 + e cos v r =  

U = O f V  

and v can be obtained from 

cos E - e 
1 - e cos E cos v = 

and 

The v e l o c i t y  components may be obtained by d i f f e r e n t i a t i n g  t h e  p o s i t i o n  equations 

2b and i. = fi e sin v: us ing  t h e  two-body r e l a t i o n s  d = fr = 2 r 

2 1  



.I .I ,. . , . . . . .  

5 = - $ (N cos i s i n  6b -i- Q cos Q> 

= $ (N  cos i cos Q - Q s i n  Q> 

where 

N = e cos cu + cos u 

Q = e s i n  u) + s i n  u 
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APPENDIX D 

RUNGE-KUTTA AND LOW-ORDER IWIXGFW'ION 

SCHESIES WITH ERROR CONTROL 

The Runge-Kutta formula used i s  of fourth-order  accuracy i n  s t e p  s i z e  h. 
It i s  of  t h e  form 

where 

X = a dependent variable 

X]: = increment i n  t h e  dependent v a r i a b l e  

h2 = increment i n  t h e  independent v a r i a b l e  t 

A lower-order formula may be found by u t i l i z i n g  t h e  t h r e e  d e r i v a t i v e s  a t  
t = to ,  tl, and t2. If h l  = tl - t o  and hz = t z  - tl, t h e  fol lowing Lagran- 
g i a n  i n t e r p o l a t i o n  formula g ives  t h e  d e r i v a t i v e  a t  any t i m e  t o  ,< t 5 t 2 :  

(t - t l)( t  - t 2 >  k q )  
h d h l  + h2) 

(t  - t o m  - t-2) (t  - t o > ( t  - tl_> 

- *l hlh2 + *z hz(h1  + hz)  

I n t e g r a t i o n  of this  equation from tL t o  t2 y i e l d s  

XI]: = $[i:"(.r2)% + ?  (h2 + 3 h l ) k l  f ( 2h2 + 1 h2h2)k] + -  ( D 3 )  

h l  
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"he d i f f e r e n c e  i n  t h e  increments over t h e  i n t e r v a l  
scheme and t h e  low-order scheme may be divided by a 
e n t  v a r i a b l e  t o  ob ta in  t h e  r e l a t i v e  e r r o r  82. 

h2 between t h e  Runge-Kutta 
nominal value of t h e  depend- . 
Thus, 

The e r r o r  i s  expected t o  vary as approximately 
l e a d s  t o  

8 = Ah5 

t h e  f i f t h  power of h, which 

( D 5 4  

(where A is  a s u i t a b l e  c o e f f i c i e n t )  or i n  the logar i thmic  form 

log 6 = A' + 5 l o g  h ( D5b 1 
where 

A' = l o g  A 0 6 4  

Le t  it be assumed t h a t  A' w i l l  vary l i n e a r l y  with t, t h e  v a r i a b l e  of i n t eg ra -  
t i on*  Then A' at a time corresponding t o  t3 can be found from A' at two 
previous po in t s  t l  and t Z  as 

and on t h i s  basis E3 would be predic ted  t o  be 

log 63 = % + 5 l o g  hg 

It i s  des i r ed  t h a t  83 should approximate 5, t h e  r e fe rence  error ;  therefore ,  

Each dependent v a r i a b l e  has an a s soc ia t ed  r e l a t i v e  e r r o r  and would l e a d  t o  com- 
pu ta t ion  of a d i f f e r e n t  s t e p  s i z e  f o r  each v a r i a b l e j  however, t h e  m a x i m u m  r e l a -  
t i v e  e r r o r  of a l l  va r i ab le s  may be s e l e c t e d  f o r  8- Obviously, i naccura t e  pre- 
d i c t i o n s  of s t e p  s i z e  can occur when t h e  m a x i m u m  r e l a t i v e  e r r o r  s h i f t s  from one 
v a r i a b l e  t o  another  or when any sudden change occurs. When a s t e p  s i z e  produces 
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an excessively l a r g e  e r r o r  (6  > G u m i t ) ,  a reduced s t e p  s ize  must be used. 
may be obtained from t h e  r e fe rence  e r r o r  's as 

It 

S t a r t i n g  the  in t eg ra t ion .  - The Runge-Kutta scheme i s  simple t o  start, s ince  
i n t e g r a t i o n  from t o  h1 r e q u i r e s  no knowledge of X l e s s  t han  Xn. 
Since the  e r r o r  c o n t r o l  c o e f f i c i e n t  A has  no value a t  t = 0, a p red ic t ion  of 
t h e  second s t e p  s i z e  i s  d i f f i c u l t .  To overcome t h i s  d i f f i e u l t y ,  two equal  s i z e  
f i r s t  steps.may be made before  checking t h e  e r ro r .  The A f o r  t he  first s t e p  
may be a r b i t r a r i l y  s e t  equal  t o  t h e  A f o r  t he  second s t e p  SO t h a t  hg m a y  be 
predicted.  The low-order i n t e g r a t i o n  scheme equation i n  t h i s  case becomes, w i th  
h2 = hl ,  

Fai lures ,  - Should two consecutive p red ic t ions  of  t h e  same s t e p  f a i l  t o  
produce an e r r o r  6 less than Glimit, a r e t u r n  t o  t h e  s t a r t i n g  procedure w i l l  
be  made with a t h i r d  p r e d i c t i o n  on s t e p  s i ze ,  which is no l a r g e r  than one-half 
of t he  second estfmate. The s tep-s ize  c o n t r o l  descr ibed he re  w i l l .  operate  s t a b l y  
wi th  nea r ly  constant  e r r o r  pe r  s t e p  only f o r  a well-behaved function. 
problems it w i l l  repea t  a s t e p  occasional ly  t o  reduce a l a r g e  e r ro r ,  and on sharp 
corners  it w i l l  restart. 
j e c t i v e  i s  t o  a t t a i n  a des i r ed  l e v e l  of accuracy with a minimum t o t a l  number of 
s teps ,  

For most 

This a c t i o n  is not regarded as objectionable.  The ob- 
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APPENDIX E 

GLOSSARY OF VARIABLES 

V A R I A B L E  COMMON 
L O C A T I O N  

D E F I N I T I O N  

A ( 7 0 0 )  

A 1  

A 2  

A C O E F l  

ACOEFL 

ACOEF3 

A E X I T l  (10) 

A E X I T  

AK ( 3 )  

ALPHA 

A L  1 

AM 

AMASS t30)  

AMC 43) 

AMSQRD 

A R E A 1  ( 4 0 )  

AREA 

ASYMPT 

ATMN 

AU 

AW (4) 

A Z  I 

C (  11) ARRAY C O N T A I N I N G  THE I N I T I A L  D A T A  AND THE PROGRAM 
CONTROL V A R I A B L E S  

B ( 1 0 )  ERROR CONTROL PARAMETER D E F I N E D  B Y  EQ. ( D 6 A )  AT  T ( 1 )  

B ( 1 1 1  ERROR CONTROL PARAMETER D E F I N E D  B Y  EP. ( D 6 A )  AT T ( 2 )  

B (  12) I N T E R P O L A T I O N  POLYNOMIAL C O E F F I C I E N T  FOR V A R I A B L E  
STEP S I Z E ,  EQ- ( D 3 )  

B ( 1 3 )  I N T E R P O L A T I O N  POLYNOMIAL C O E F F I C I E N T  FOR V A R I A B L E  
S T E P  S I Z E ,  EQ. (03) 

B (  1 4 )  I N T E R P O L A T I O N  POLYNOMIAL C O E F F I C I E N T  FOR V A R I A B L E  
STEP S I Z E ,  EQ. I D 3 1  

A (  103) E N G I N E  E X I T  AREAS FOR A T  MOST 10 STAGES, M**2 

B ( 3 )  A E X I T l l  NSTAGE) 

A 4 5 1 1  RUNGE KUTTA COEFFICIENTSISET I N  STDATA 

A 1 4 9 )  ANGLE BETWEEN V E L O C I T Y  AND THRUST VECTORSsSEE SKETCH 
( A )  

A i 4 )  V E H I C L E  A L T I T U D E  ABOVE EARTH, M 

B ( 9 0 J  TOTAL V E H I C L E  ANGULAR MOMENTUM PER U N I T  MASS, M+*2/ 
SEC 

A ( 3 4 7 )  PERMANENT L I S T  OF BODY MASSES I N  ORDER OF PNAME L I S T ,  
SET I N  STDATAsMASSES FROM E L I P S  DATA B E G I N  AT  AMASS 
1 2 1 J p  SUN MASS U N I T S  

81871 X p Y r Z  COMPONENTS OF ANGULAR MOMENTUM PER U N I T  MASS, 
* * Z ) / S E C  

B (  91)  SQUARE OF TOTAL ANGULAR MOMENTUM PER U N I T  MASS,M**4/ 
SEC**Z 

A 1 1 1 3 1  AERODYNAMIC REFERENCE AREAS FOR A T  MOST 10 STAGES, 
M+*2 

B ( 6 )  A R E A l ( N S T A G E 1  

A 4 7 J  SEE T A B L E  I 1  

A t 2 1 1  SEE T A B L E  I 1  

A ( 2 9 )  ASTRONOMICAL U N I T s M  

A t 5 5 1  RUNGE KUTTA COEFFICIENTSISET I N  STDATA 

A ( 3 5 )  I N I T I A L  A Z I M U T H  A N G L E t U S E D  WHEN IMODE = 4 9  SEE SKETCH 
( 8 )  ,DEGREES 
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B (800) 

B E T A  

BMASS ( 8 )  

BNAHE 18) 

BODYCD (10) 

BODYL (10) 

CD 

CD I 

'CHAMP 

C I N C L  

C IRCUM 

C L  

CLEAR 

COEFN (192) 

COMPA (3) 

CDNSU 

CONSTU 

COSALF 

COSBET 

COSTRU 

COSV 

D (1100) 

DELMAX 

D E L  

D E L 1 1  ( . l o )  

D E L T  

DNS I TY 

DONE 

C I 1 1 1 1 )  

A i  50 1 

B (  137) 

A (  164) 

c 1 3 1  

A ( 4 0 7 )  

B ( 6 3 )  

ARRAY C O N T A I N I N G  I N T E R N A L  PARAMETERS NOT UNDER USER 
CONTROL 

ANGLE BETWEEN VELOCITY-THRUST P L A N E  AND O R B I T  P L A N E S  
SEE S K E T C H t A )  

BODY MASSES SELECTED FROM AMASS L I S T  I N  SEQUENCE COR- 
RESPONDING TO BNAME L I S T  

ORDERED L I S T  OF BCD BODY NAMES 

O R I G I N A L  UNORDERED L I S T  OF BCD BODY NAMES READ I N  AT 
I N P U T  

A U X I L I A R Y  ORDERED L I S T  OF BCD BODY NAMES 

TOTAL DRAG C O E F F I C I E N T  

INDUCED DRAG C O E F F I C I E N T  

SMALLEST C R I T I C A L  R A D I U S  ( R B C R I T ( J ) )  W I T H I N  WHICH 
OBJECT L I E S  

C O S I N E  OF I N C L I N A T I O N  

C I R C U M F E R E N T I A L  COMPONENT OF TOTAL P E R T U R B A T I V E  AC- 
C E L E R A T I O N S M / S E C + * ~  

L I F T  C O E F F I C I E N T  

SEE T A B L E  I 1  

STORAGE ARRAY FOR C O E F F I C I E N T S  USED TO COMPUTE A L P H A S  
CLSCDIICD OR OTHER PARAMETERS 

COMPONENTS OF TOTAL P E R T U R B A T I V E  ACCELERATION ALONG X 
S Y 9 2 AXES. 

SEE T A B L E  I 1  

SEE T A B L E  I 1  

C O S I N E  OF ALPHA 

C O S I N E  OF BETA 

C O S I N E  OF TRU 

C O S I N E  OF THE ARGUMENT OF L A T I T U D E  

ARRAY WHERE SAVED DATA IS STORED FOR L A T E R  USE. 
ARRAYS A s X P R I M S A N D  X P R I M B  MAY BE SAVED. 

SEE T A B L E  11 

OUTPUT CONTROL PARAMETER USED I N  STEP 

I N I T I A L  S T E P  S I Z E S  FOR AT MOST 10 STAGESSSEC 

D E L T l t N S T A G E )  

ATMOSPHERIC DENSITY,KG/H*+3 

CONTROL PARAMETER FROM STEP WHICH INFORMS NBODY TO 
STOP I N T E G R A T I N G  

27 



DRAG ( 3 )  E l 6 9 1  

DTOFFJ  A 1 2 3 1  

E 2  B (  18) 

EFMRS ( 7 )  B (  130) 

ELEV A ( 3 6 )  

E L I P S  (12t10) A t 1 6 7 1  

EMONE 

END 

€PAR 

EREF 

€ R L I M T  

ERLOG 

ETOL 

E X I T A  

EXMODE 

F I L E  

FLOW1 ( 1 0 )  

FLOW 

FORCE (3) 

GASFAC 

GEOH 

6K2M 

GKM 

H 2  

IBODY ( 8 )  

ICC (10) 

I D E N T  (10) 

I MODE 

I N D  ( 3 )  

INDERR 

28 
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83 1 

5 )  

66 1 

X,Y,Z COMPONENTS OF THE DRAG ACCELERATION*M/SEC**Z 

J U L I A N  DATE OF TAKEOFF 

LARGEST OF THE R E L A T I V E  ERRORS BETWEEN R-K AND LOW- 
ORDER I N T E G R A T I O N  METHODStEQ. (04) 

L I S T  OF BCD BODY NAMES WHOSE P O S I T I O N S  ARE TO BE DE- 
TERMINED FROM TAPE DATA 

I N I T I A L  E L E V A T I O N  ANGLEpUSED WHEN IMODE=4, S K E T C H L B ) *  
DEGREES 

E L L I P S E  DATA FOR PERTURBATING B O D I E S t R E A D  FROM CAROS, 
12 P I E C E S  OF DATA PER BODY 

E C C E N T R I C I T Y  -1 

SEE TABLE I 1  

SQUARE ROOT OF ( E C C E N T R I C I T Y  SPUARED -1) 

SEE TABLE I 1  

S E t  TABLE I 1  

NATURAL LOGARITHM OF EREF 

SEE TABLE I 1  

A E X I T ( N S T A G E ) / l O O ,  NEWTONS/HB 

E C C E N T R I C I T Y  CALCULATED WHEN IMODE=3 

SEE TABLE I 1  

RAT€ OF PROPELLENT FLOW9 KG/SEC 

F L O W l t  NSTAGE 1 

X v Y t Z  COMPONENTS OF THRUST ACCELERATION, M/SEC**Z 

D E F I N E D  I N  SUBROUTINE AERO, SET I N  STDATA 

GEOPOTENTIAL, M 

G R A V I T A T I O N A L  CONSTANTIMUIOF THE SYSTEM*M+*3/SEC**2  

SQUARE ROOT O F  GKZM 

VALUE OF D E L 1  FOR PREVIOUS STEP 

D E F I N E D  I N  SUBROUTINE ORDER 

SEE TABLE I 1  

I N P U T  I D E N T I F I C A T I O N  NUMBERS ASSOCIATED W I T H  EACH 
STAGE 

SEE TABLE 11 

SET OF I N D I C E S *  SET I N  STDATA 

NUMBER OF SETS OF ERROR DATA9 SET I N  ERROR2 FOR USE 
I N  NBODY 



INLOOK 

USUB 

4 A T  

LONG 

LOOKX 

LOOKSW 

t S T A G E  

MBODXS 

MODOUT 

NBODYS 

NCASES 

NCASE 

NEFMRS ( 8 )  

NEQ 

NSAV€ 

NSTAGE 

NSTART 

O B L A T J  

OBLATD 

OBLATH 

OBLATN 

OBLAT (3.1 

OLDDEL 

ORBELS t6) 

OUTPOT 

P ( 3 J  

A ( 5 9 9 )  

A t 3 4 1  

I N P U T  I D E N T I F I C A T I O N  NUMBER FOR I N P U T  AFTER F I N D I N G  C 
(LOOKX)  = XLOOK 

I N D E X  OF RUNGE-KUTTA SUBINTERVALS 

I N I T I A L  GEOCENTRIC L A T I T U D E ,  USED WHEN IMODE=4rSKETCH 
1B)r DEGREES 

I N I T I A L  LONGITUDE R E L A T I V E  TO GREENWICH, USE0 WHEN 
IMODE=4, S K E T C H t B ) ,  DEGREES 

SEE TABLE I 1  

SEE T A B L E  I 1  

TOTAL NUMBER OF STAGES INTEGRATED BEFORE RETURNING TO 
THE M A I N  PROGRAM 

NUMBER OF PERTURBATING B O D I E S  INBODYS-1)  

SEE TABLE I 1  

TOTAL NUMBER OF BODIES,  EXCLUDING THE V E H I C L E  

SAVED VALUE OF NCASE 

CASE NUMBER, R A I S E D  ONCE EACH T I M E  CONTROL PASSES 
THROUGH THE M A I N  PROGRAM 

D E F I N E D  I N  SUBROUTINE ORDER 

NUMBER OF EQUATIONS TO BE INTEGRATED, SET TO 8 I N  
STDATA 

SEE TABLE I 1  

THE INDEX I N D I C A T I N G  THE P A R T I C U L A R  STAGE CURRENTLY 
B E I N G  INTEGRATED 

I N T E R N A L  CONTROL I N  NBODY AND EQUATE 

OBLATENESS COEFFICIENT OF SECOND HARMUNIC 

OBLATENESS C O E F F I C I E N T  OF FOURTH HARMONIC 

OBLATENESS C O E F F I C I E N T  OF T H I R D  HARMONIC 

SEE T A B L E  I 1  

XIYIZ COMPONENTS OF OBLATENESS ACCELERATION, M/SEC**Z 

VALUE OF D E L T  FOR P R E V I O U S  GOOD STEP 

ARRAY OF OUTPUT V A R I A B L E S s E I T H E R  RECTANGULAR OR O R B I T  
ELEMENTS 

CAUSES ABSENCE OF OUTPUT WHEN NONZERO 

D E F I N E D  I N  EQ. (84)  
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PAR 13 )  

PMAGN 

PNAME (30) 

P R E S 5  

P S I  

P S  I R  

PUSH 

PUSH0 

a 
QMAX 

QX ( 3 )  

R ( 8 )  

R A D I A L  

RAMC ( 5 )  

RATM 

RATMOS 

R A T  IO 

R B  1 3 . 8 )  

RBCR, IT  I 8 1  

R C R I T  ( 3 0 )  

R E  

RECALL  

REFER ( 3 0 )  

RESQRD 

RET" 

30 

D E F I N E D  BY EQUATIONS I N  SUBROUTINE THRUST 

D E F I N E D  I N  E Q U A T I O N  FORM BY SUBROUTINE THRUST 

PERMANENT L I S T  OF BODY NAMES MADE FROM PNAA L I S T  I N  
SUBROUTINE ORDER, E L I P S  NAMES B E G I N  A T  P N A H E ( 2 1 )  

ATMOSPHERIC PRESSURE, MB 

P A T H  ANGLE, ANGLE BETWEEN P A T H  AND LOCAL HORIZONTAL,  
DEGREES 

R E L A T I V E  P A T H  ANGLE, TAKEN R E L A T I V E  TO A R O T A T I N G  
O R I G I N  BODY, DEG 

THRUST FORCE, NEWTONS 

VACUUM THRUST FORCE, NEWTONS 

DYNAMIC PRESSURE, NEWTONS/M**2 

MAXIMUM VALUE OF 4 DEVELOPED D U R I N G  A S I N G L E  TRAJEC- 
TORY ( S E T  TO ZERO WHEN CONTROL PASSES THROUGH SUB- 
R O U T I N E  EXTRA)  

X,Y,Z COMPONENTS OF P E R T U R B A T I V E  ACCELERATION DUE TO 
PERTURBATING BODIES,  M/SEC+*2 

D I S T A N C E S  OF A L L  B O D I E S  FROM OBJECT, I N  ORDER OF 
BNAME L I S T ,  M 

R A D I A L  COMPONENT OF TOTAL P E R T U R B A T I V E  ACCELERATION, 
P O S I T I V E  OUTWARD, M/SEC+*Z 

R E L A T I V E  ANGULAR MOMENTUM PER U N I T  MASS CDHPONENTSI 
TOTAL R E L A T I V E  ANGULAR MOMENTUM PER U N I T  MASS, AND 
I T S  SQUARE, M+*Z/SEC 

R A D I U S  OF ATMOSPHEREsM 

SET EQUAL TO RATM WHEN ATMN EQUALS THE REFERENCE BODY 
NAME, B N A M E I 1 )  

R A T I O  OF ADJACENT STEP S I Z E S ,  D E L 1  

X,Y,Z COMPONENTS OF D I S T A N C E  FROM A L L  B O D I E S  TO THE 
O B J E C T I M  

L I S T  OF SPHERE-OF-INFLUENCE R A D I I  OF A L L  B O D I E S  I N  
BNAME L I S T ,  M 

PERMANENT L I S T  OF SPHERE-OF-INFLUENCE R A D I I  CORRES- 
PONDING TO PNAME L I S T  OF BODY NAMES. R A D I I  FROM E L I P S  
DATA B E G I N  A T  R C R f T ( 2 L ) r  M 

R A D I U S  OF EARTH EQUATOR, M 

SEE T A B L E  11 

L I S T  OF REFERENCE B O D I E S  CORRESPONDING TO PNAME L I S T ,  
REFERENCE B O D I E S  FROM E L I P S  DATA B E G I N  A T  R E F E R ( Z 1 )  

SQUARE OF R E  

CAUSES CONTROL NOT TO RETURN TO M A I N  PROG. IF NONZERO 
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R E V S  A 1 4 8 )  

REVOhV B ( 2 1 )  

RMASS1 ( 1 0 )  A t 7 3 1  

ROTATE A ( 3 9 )  

RSQRD B ( 4 5 )  

S I GNAL Et311 

S I M P 1  (10) A 1 9 3 1  

S I M P  B ( 2 )  

S I N A C F  B ( k 6 )  

S I  NBET a t 4 7 1  

S I  NTRU B ( 5 2 )  

S I N C L  8154) 

S I N V  6 ( 5 6 )  

SPAC€S 81 16)  

SPD A 1 4 4 1  

SQRDK 1 A t 4 7 1  

SQRDK B ( 3 5 )  

STEPMX A 1  16) 

STEPS A t 1 7 1  

S T E P 6 0  A 1 4 1 1  

STEPNO A ( 4 2 )  

SWLOOK A (  10) 

T A B L T  B ( 2 0 )  

T A B L E  1 2 0 0 )  C (  191 1) 

T A P E 3  C ( 2 )  

T B  1 1 0 )  A t 6 3 1  

R E V O L U T I O N  COUNTER9 USED ONLY FOR OUTPUT 

R O T A T I O N  RATE OF REFERENCE BODY WHEN A T M N = B N A M E ( l ) r  
RAD/SEC 

I N I T I A L  MASSES FOR A T  MOST 10 STAGESIKG 

R O T A T I O N  RATE OF A REFERENCE BODY, RAD/SEC 

R A D I U S  SQUARED OF OBJECT TO O R I G I N 9  M**2 

SEE T A B L E  I 1  

S P E C I F I C  I M P U L S E S  FOR A T  MOST 10 STAGES. SEC 

S I M P l ( N S T A G E 1  

S I N E  OF ALPHA 

S I N E  OF B E T A  

S I N E  OF TRU 

S I N E  OF I N C L I N A T I O N  

S I N E  OF THE ARGUMENT OF L A T I T U D E  

NUMBER OF EQUAL T I M E  U N I T S  U N T I L  NEXT OUTPUT 

SECONDS PER DAY9 SET I N  STDATAI SEC/DAY 

G R A V I T A T I O N A L  CONSTANT OF THE SUN, AU**3/DAY**Z 

G R A V I T A T I O N A L  CONSTANT OF THE SUN, M**3 /SEC**2  

SEE T A B L E  I 1  

SEE T A B L E  I 1  

COUNT OF SUCCESSFUL I N T E G R A T I O N  STEPS 

COUNT OF UNSUCCESSFUL I N T E G R A T I O N  STEPS (THOSE WHICH 
DO NOT PASS ERROR CONTROL T E S T )  

SEE T A B L E  I 1  

T I M E  MEASURED R E L A T I V E  TO THE J U L I A N  DATE OF TAKEOFF9 
DAYS 

ARRAY OF I N P U T  PARAMETERS AND T H E I R  COMMON STORE LO- 
CAT I O N S  

SEE T A B L E  I 1  

F L I G H T  T I M E S  FOR AT MOST 10 STAGES. SEC 
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TDATA ( 6 9 3 9 7 1  81265) 

TDEL ( 7 )  

T F  I L E  

T I M  ( 7 )  

TK ICK 

TM 

TMAX 

T M I N  

TOFFT 

TRSFER 

TRU 

T T E S T  

XTOL 

U 

Y 

VATM 1 3 )  

UEFM ( 3 9 8 )  

V E L  

YMACH 

VQ 

VQSQRD 

VSQRD 

v x  

UY 

UZ 

x (100)  

XDOT (100) 
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C O E F F I C I E N T S  FROM EPHEMERIDES TAPE TO B E  USED I N  DE- 
T E R M I N I N G  P O S I T I O N S  AND P O S S I B L Y  V E L O C I T I E S  OF PER- 
TURBATING B O D I E S 9  ONE S E T  FOR EACH OF 7 B O D I E S  

ONE-HALF OF T I M E  S P A C I N G  BETWEEN TWO ADJACENT E N T R I E S  
OF L I K E  BODY NAME ON EPHEMERIDES TAPE9 READ FROM 
TAPE FOR EACH BODY 

SEE T A B L E  I 1  

T I M E  FOR SET OF EPHEMERIS DATA9 READ FROM EPHEMERIDES 
TAPE9 ONE FOR EACH BODY 

I N I T I A L  STEP S I Z E  OF A TRAJECTORY TO B E  COMPUTED I N  

S T A R T I N G  OF SOME T Y P E S  OF T R A J E C T O R I E S  

ATMOSPHERIC TEMPERATURE T I M E S  THE R A T I O  OF MOLECULAR 

CLOSED-FORM9 FOR USE WHEN IMODE=4r  WHICH F A C I L I T A T E S  

TO ACTUAL MOLECULAR W E I G H T t  DEGREES K E L V I N  

SEE T A B L E  I 1  

SEE TABLE I 1  

F R A C T I O N A L  PART O F  J U L I A N  DATE OF TAKEOFF9 DAYS 

SEE T A B L E  I 1  

TRUE ANOMALY, RAD 

SEE TABLE I 1  

T I M E  TOLERANCE W I T H I N  WHICH PROBLEM T I M E  M I N U S  TMAX 
MUST L I E  TO END STAGE 

ECCENTRIC ANOMALY9 RAD 

V E L O C I T Y  OF OBJECT R E L A T I V E  TO THE O R I G I N 9  W S E C  

X*Y,Z COMPONENTS OF THE R E L A T I V E  V E L O C I T Y 9  VQsM/SEC 

XWYtZ  COMPONENTS OF OBJECT V E L O C I T Y  R E L A T I V E  TO A L L  
B O D I E S t  M/SEC 

I N I T I A L  R E L A T I V E  V E L O C I T Y 9  USED WHEN IMODE=4* SKETCH 
( 8 1 9  M/SEC 

MACH NUMBER O F  OBJECT 

V E L O C I T Y  OF OBJECT R E L A T I V E  TO ATMOSPHERE* M/SEC 

SQUARE OF VQt  M++Z/SEC++2 

SQUARE OF V t  M++Z/SEC++Z 

X COMPONENT OF V E L O C I T Y t  M/SEC 

Y COMPONENT OF VELOCITY,  M/SEC 

Z COMPONENT OF V E L O C I T Y *  M/SEC 

WORKING SET OF I N T E G R A T I O N  V A R I A B L E S  

T I M E  D E R I V A T I V E S  OF THE SET X 



X I F T  (3) B (  7 2 )  

X I N C  (100) B ( 6 0 1 )  

XLOOK A (  12)  

XP (3,8) B ( 2 1 7 )  

X P R I H  1 1 0 0 1 2 )  C ( 7 1 l )  

XPRIMB (100,Z) C 1 9 1 1 )  

XTOL A (  11) 

XWHOLE (6) B ( 1 1 0 )  

Z N  B ( 4 3 )  

ZORMAL B ( 8 3 )  

XIYIZ COMPONENTS OF L I F T  ACCELERATION*  M/SEC++2 

INCREMENTS OF THE I N T E G R A T I O N  V A R I A B L E S  PER STEP 

SEE TABLE I 1  

X I Y ~ Z  COMPONENTS OF PERTURBATING BODY P O S I T I O N S  RELA- 
T I V E  TO O R I G I N  

TWO 100-ELEMENT SETS, THE F I R S T  SET CONTAINS VALUES 

STEP,THE SECOND SET IS UNDER THE I N T E G R A T I O N  PROCESS, 
OF THE I N T E G R A T I O N  V A R I A B L E S  AT  THE P R E V I O U S  GOOD 

SEE T A B L E  V 

L E A S T  S I G N I F I C A N T  H A L F  OF OOUBLE P R E C I S I O N  INTEGRA- 
T I O N  V A R I A B L E S  X P R I M  

TOLERANCE ON THE D I S C I M I N A T I O N  C(LO0KX) -XLOOK TO B E  
SA J I.SF I ED 

RECTANGULAR COORDINATES AND V E L O C I T I E S ,  SET A S I D E  FOR 
USE I N  O R I G I N  TRANSLATIONS 

MEAN ANGULAR MOTION OF O B J € C T ,  RAO/SEC 

2 COMPONENT OF TOTAL PERTURBATIVE ACCELERATION, 
H/SEC*+Z 
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LEWIS RESEARCH CENTER EPHEMERIS 

General Description 

The ephemeris data initially available on magnetic tape were from the Themis 
code prepared by the Livermore Laboratory, evidently from U.S. Naval Observatory 
data Later, an ephemeris was obtained from the Jet Propulsion Laboratory assem- 
bled as a joint project of the Jet Propulsion Laboratory and the Space Technology 
Laboratory. These data are given relative to the mean vernal equinox and equator 
of 1950.0 and are tabulated with ephemeris time as the argument. 

An ephemeris was desired for certain uses in connection with the IBM 7090 
computer that would be shorter than the original ephemeris tapes mentioned and 
would be as accurate as possible consistent with the length. A short investiga- 
tion of the various possibilities led to adoption of fitted equations. In par- 
ticular, fifth-order polynomials were simultaneously fitted to the position and 
velocities of a body at three points. This procedure provides continuity of po- 
sition and velocity from one fit to the next, because the exterior points are 
common to adjacent fits. Polynomials were selected rather than another type of 
function, because they are easy to evaluate. Three separate polynomials are used 
for the x, y, and z coordinates, respectively. 

Procedure Used to Fit Data 

The process of computing the fitting equations is as follows: 

(1) A group of 50 sets of the components of planetary position was read 
into the machine memory for a single planet together with differences as they 
existed on the original magnetic tape. The differences were verified by compu- 
tation (in double precision because some data required it)j and any errors were 
investigated, corrected, and verified. Published ephemeris data were adequate 
to correct all errors found. 

(2) The components of velocity vx, vy, and vz were computed and stored 
in the memory for each of the 50 positions by means of a numerical differentia- 
tion formula using ninth differencesj namely, 

(See ref. 11, pp. 42 and 99 for notation.) Double-precision arithmetic was used 
for differences, but velocities were tabulated with single precision, 
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(3) Coef f i c i en t s  C, D, E, and F i n  t h e  f i f t h - o r d e r  polynomial 

Data 

? l a n e t  name 
Ju l ian  d a t e  

Del ta  T 

I= 
Dx 
CX R 
X 

and i t s  d e r i v a t i v e  

Mode 

BCD 
Floa t ing  point  

2 = % + 2C(T - To) + 3D(T - To)' + 4E(T - To)3 + 5 F ( T  - To)4 (F3 1 

were found t o  f i t  a f i rs t  p o i n t  (which w a s  far  enough from t h e  beginning p o i n t  
t o  have a l l  d i f f e r e n c e s  computed) and two equal ly  spaced p o i n t s  f o r  each compo- 
nent of p o s i t i o n  and veloci ty .  
seen later.)  
one equation. S ing le -p rec i s ion  a r i t h m e t i c  w a s  used. 

(The i n i t i a l  spacing i s  not  important, as w i l l  be 
Spacing i s  def ined as t h e  number of o r i g i n a l  d a t a  p o i n t s  f i t t e d  by 

( 4 )  The c o e f f i c i e n t s  C, D, E, and F i n  s t e p  (3) were then  used i n  equa- 
t i o n s  (F2) and (F3) t o  c a l c u l a t e  components of a l l  p o s i t i o n s  and v e l o c i t i e s  given 
i n  t h e  o r i g i n a l  d a t a  and l y i n g  wi th in  t h e  i n t e r v a l  fitted.. These values were 
checked with t h e  o r i g i n a l  data. Radius R and v e l o c i t y  V were computed a t  t h e  
t imes t a b u l a t e d  i n  t h e  o r i g i n a l  data. I f  any component of t h e  p o s i t i o n  d i f f e r e d  
from t h e  o r i g i n a l  d a t a  by more than %lom7 o r  if any v e l o c i t y  d i f f e r e d  from t h e  
o r i g i n a l  by more than JXl.0-6, t h e  f i t  w a s  considered unsat isfactory,  

(5) If t h e  fit w a s  considered unsa t i s f ac to ry ,  this fact  w a s  recorded, and 
t h e  spacing w a s  reduced by two d a t a  points.  Steps 2 t o  4 were then repeated. I f  
t h e  f i t  w a s  considered s a t i s f a c t o r y ,  t h i s  fact  w a s  recorded, and t h e  spacing was 
inc reased  by two spaces. S t eps  2 t o  4 were repeated. The l a r g e s t  s a t i s f a c t o r y  
f i t  was i d e n t i f i e d  when a c e r t a i n  spacing w a s  s a t i s f a c t o r y  and t h e  next l a r g e r  
f i t  w a s  no t  s a t i s f a c t o r y .  

( 6 )  The c o e f f i c i e n t s  t h a t  corresponded t o  t h e  l a r g e s t  s a t i s f a c t o r y  f i t  were 
recorded on t a p e  i n  b ina ry  mode as follows: 

Word 
lumber 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
1 7  
18 
19 
20 
2 1  

Defin i t ions  and/or u n i t s  

S i x  c h a r a c t e r s  ( f i r s t  s i x )  
Date of midpoint of f i t ,  J u l i a n  dat 
Number of days on each s i d e  of mid€ 

aAU/day5 
aAU/day4 
aAU/day3 
aAU/day2 
aAU/day 
aAU 
aAU/days 
aAU/day4 
aAU/day3 
aAU/day2 
aAU/day 
aAU 
aAU/day5 
aAU/day4 
aAU/day3 
aAU/day2 
aAU/day 
aAU 

lExcept for Moon da ta ,  which a r e  i n  Ear th  r a d i i  and days. 
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( 7 )  As soon as a set of c o e f f i c i e n t s  w a s  s e l e c t e d  f o r  an i n t e r v a l ,  addi- 
t i o n a l  d a t a  were read from t h e  source ephemeris t a p e  and used t o  r e p l a c e  t h e  
p o i n t s  a l r eady  f i t t e d  (except  t h e  l as t  po in t ) .  These d a t a  were processed as de- 
s c r i b e d  i n  s t e p s  1 and 2 so  that  t h e  next  50 p o i n t s  were ready t o  be f i t t ed .  
S teps  3 t o  6 were then  used t o  f i n d  t h e  next  s e t  of c o e f f i c i e n t s ,  and s t e p s  1 
t o  6 were repeated u n t i l  a l l  data f o r  a l l  p l a n e t s  were f i t t e d .  

- 

Data Treated 

The preceding process  was app l i ed  t o  a l l  data available a t  t h e  t i m e .  For 
t h e  Moon, t h e  technique usua l ly  l ed  t o  t h e  use  of  every po in t  i n  t h e  f i t t e d  i n -  
terval  (Le . ,  only t h r e e  p o i n t s  were f i t t e d ) .  
avai lable .  
po in t s )  was no t  excessive, however, and it  i s  judged t h a t  t h e  accuracy obtained 
from t h e s e  f i t s  i s  about equal  to t h a t  he ld  on t h e  o t h e r  bodies. 

Thus, a check of accuracy w a s  no t  
The e r r o r  i n  t h e  at tempt  t o  f i t  t h e  next  g r e a t e r  i n t e r v a l  ( f i ve  

Merged Ephemeris Tape 

Once a l l  t h e  p o s i t i o n s  and v e l o c i t i e s  of a l l  t h e  bodies then  available were 
f i t t e d ,  t h e  c o e f f i c i e n t s  were merged i n  o rde r  of the s t a r t i n g  d a t e  of each f i t .  
The r e s u l t i n g  t a p e  w a s  w r i t t e n  i n  b ina ry  mode wi th  12 sets of f i t s  p e r  record. 

The d e t a i l  of  t h i s  record i s  as fol lows:  

S e t  1 

S e t  2 

1st word! FORTRAN compatible 
2nd word: f i l e  number, f i x e d  p o i n t  i n  decrement 
3rd word: p l a n e t  name, code i n  BCD, f i rs t  s i x  cha rac t e r s  
4 t h  word! J u l i a n  date, f l o a t i n g  p o i n t  

- etc., according t o  l i s t  i n  paragraph 6 
- 2 1  words 

23rd word! z 

24th word: p l a n e t  name, code i n  BCD, f i rs t  s ix  cha rac t e r s  
25th word: J u l i a n  date,  f l o a t i n g  p o i n t  

44th word! z 

Successive sets fol low one another  w i th  a t o t a l  of 12 sets, 

234th word: p l a n e t  name 
235th word: J u l i a n  date,  f l o a t i n g  p o i n t  
254th word: z 
End-of-record gap 

S e t  1 2  
( las t  s e t )  

One record contains  254 words, t h e  f i r s t  i s  f o r  FORTRAN compatibi l i ty ,  t h e  second 
i s  a f i l e  number used f o r  i d e n t i f i c a t i o n  i n  t h e  system. It i s  a f i x e d  p o i n t  2. 
The t h i r d  i s  t h e  beginning of t h e  f irst  s e t  of data, and 1 2  sets fo l low each with 
2 1  words. The l as t  word i s  t h e  254th word (count ing t h e  FORTRAN compatible word) 
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followed by an end-of-record gap. 
manner with an end-of-file recorded as a terminating mark. 

The remaining records are compiled in the same 

Because of the merging operation, all bodies are given in one list in a 
random order according to the starting date of the interval. The starting date 
is the Julian day (word 2) minus the half interval (word 3) (see procedure, par- 
agraph 6). 
summary of data is given in table V I I .  

The entire ephemeris occupies about one-seventh reel of tape, A 
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APPENDIX G 

INPUT-DATA R E Q U I W S  

The procedure needed t o  run a c t u a l  problems with t h e  a id  of t h i s  rou t ine  i s  
described herein. It i s  intended t o  permit the use r  with a s p e c i f i c  problem i n  
mind t o  m a k e  a complete l i s t  of da t a  required and t o  select  desirable operating 
a l t e r n a t i v e s  from those available. The d e t a i l s  of t h i s  procedure are contained 
i n  t h e  following in s t ruc t ions1  

(1) Provision has been made f o r  two types of ephemeris data t o  spec i fy  t h e  
loca t ions  of c e l e s t i a l  bodies t h a t  per turb t h e  vehicle. They are e l l i p s e  d a t a  
and ephemeris-tape data. 
cept a reference body) or i f  e l l i p t i c  da ta  a re  used for a l l  t h e  perturbing 
bodies, s k i p  t o  i n s t r u c t i o n  5. 

If t h e  problem does not involve perturbing bodies (ex- 

( 2 )  I f  t h e  perturbing-body da ta  are t o  be taken from an ephemeris tape, l ist  
t h e  names of t h e  ephemerides and J u l i a n  da tes  t o  be covered along with t h e  f o l -  
lowing auxiliary information: 

1st card: $DATA = 300, $TABLE, 2 = TAPE 3,  17 = ELIST, 29 = TBEGIN, 
30 = TEND/ 

Other cards: TAPE 3 = 0 

TBEGIN = ephemeris beginning J u l i a n  da t e  

TEND = ephemeris ending J u l i a n  date 

ELIST = (names of perturbing bodies i n  "ALlF'" format, s ee  
example i n  t e x t )  

The ephemerides of a l l  p lane ts  except Earth bear t h e  name of t h e  planet. The 
ephemeris giving t h e  dis tance from Earth t o  t h e  Sun is  ca l l ed  "sun," as i s  
astronomical practice,  

(3) If successive f i l e s  on t h e  ephemeris tape  are t o  be made, punch t h e  
corresponding sets as follows: 

$DATA = 300, TAPE 3 = 0, TBEGIN = , TEND = , ELIST = 

As many similar sets as are needed may be appended. 

( 4 )  I f  e l l i p s e  d a t a  are t o  be loaded from cards, they are prepared la te r  
under in s t ruc t ion  11. 

(5) On t h e  f i rs t  execution a f te r  loading t h e  routine, t h e  common area i s  
cleared whether an ephemeris tape  i s  constructed or not. It is  now necessary t o  
load a. table  of variable names. Once loaded, t h i s  t a b l e  w i l l  not be cleared 
again (except if t h e  cont ro l  variable TAPE 3 i s  se t  equal t o  zero), These names 
are f o r  use on t h e  input  cards. If a d i f f e r e n t  name is des i r ab le  f o r  any 



variable, i t  may be changed i n  t h e  table and where i t  appears on t h e  inpu t  card 
(ref. 7)- The cards are: 

$DATA=l, $TABLE, 33=DTOFFJ, 34=TOFFT, 711=TIME, 716=X, 717=Y, 718-2, 
713=VX, 714=VY, 715=VZ, 11.=IMODE, 713=E, 714=OMEG.A, 715=NODES, 
716=INCL, 717=MA, 718=P, 43=LAT, 44=LONG, 45=AZI, 46=ELEV, 14=ALT, 
47==VEL, 16=TFiLE, 28=TMIN, 153=BODYCD, 177=ELIPS, 30 .=MODOUT, 

' 27=STEPS, 29=DELMAX, 26=STEPMX, 23=EREF, 24=ERLIMT, 4.=NSAVE, 
5=RECALL, 3=CLEAR, 18. =LOOKX, 22=XLOOK, 19. =LOOKSW, 20=SWLOOK, 
609. =INLOOK, 15=END, 31=ATMN, 32=RATM, 49=ROTATE, 417=COEFN, 

143=DELT, 83=RMASS, 113=AEXIT, 133.=IDENT, 48 .=LSTAGE, 25=TKICK / 
163-=ICC, 60=BETA, 50=OBLATN, 73=TB, 93=FLOW, 103=SiMP, 123=AREA, 

( 6 )  The i n i t i a l  p o s i t i o n  and v e l o c i t y  of t h e  v e h i c l e  may be  given i n  any one 
o f  t h e  t h r e e  coordinate  systems, If  the i n i t i a l  d a t a  are given i n  o r b i t  ele- 
ments, s k i p  t o  i n s t r u c t i o n  (8)- If t h e  i n i t i a l  d a t a  are given i n  r ec t angu la r  CO- 

o rd ina te s ,  s k i p  t o  i n s t r u c t i o n  ( 7 ) .  
centered s p h e r i c a l  coordinates,  t h e  following v a r i a b l e s  should be  punched: 

If  t h e  i n i t i a l  data are given i n  Earth- 

LAT = l a t i t u d e ,  deg, p o s i t i v e  no r th  of equator  

LONG = longi tude,  r e l a t i v e  t o  Greenwich, deg 

ALT = a l t i t u d e  above s e a  level,  m 

AZI = azimuth angle, e a s t  from north, deg 

ELEV = e l e v a t i o n  angle, h o r i z o n t a l  t o  path, deg 

VEI; = i n i t i a l  re la t ive ve loc i ty ,  m/sec 

TKICK = s i z e  of i n i t i a l  v e r t i c a l ,  nondrag s t e p  t o  f a c i l i t a t e  s t a r t i n g ,  
s e c  

If t h e  Ea r th  i s  assumed t o  be r o t a t i n g  bu t  aerodynamic f o r c e s  a r e  not 
t o  be considered, s e t  
ROTALIT = E a r t h  r o t a t i o n  rate, 7. 29211585X10-5 radian/sec 

If i n t e g r a t i o n  i n  r ec t angu la r  coordinates  i s  d e s i r e d  set  
IMODE F 4 
o r  e l se  i f  i n t e g r a t i o n  i n  o r b i t  elements i s  d e s i r e d  set 
IMODE = -4 

s k i p  t o  i n s t r u c t i o n  (9). 

( 7 )  If t h e  i n i t i a l  d a t a  are i n  r ec t angu la r  coordinates,  s e t  t h e  fol lowing 
variables : 

X = x-component of p o s i t i o n  i n  x,y,z coordinate  system, m 

Y ='y-component of p o s i t i o n  i n  x,y,z coordinate  system, m 
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Z = z-component of  p o s i t i o n  i n  x,y,z coordinate  system, m 

VX = x-component of v e l o c i t y  i n  

W = y-component of v e l o c i t y  i n  

VZ = z-component of v e l o c i t y  i n  

x,y,z coordinate  system, m/sec 

x,y,z coordinate  system, m/sec 

x,y,z coordinate  system, m/sec 

I f  i n t e g r a t i o n  i n  r ec t angu la r  coordinates  i s  d e s i r e d  se t  
IMODE = 2 
o r  else, i f  i n t e g r a t i o n  i n  o r b i t  elements i s  d e s i r e d  s e t  
IMODE -2 

s k i p  t o  i n s t r u c t i o n  (9). 

(8) I f  t h e  i n i t i a l  d a t a  are i n  o r b i t  elements, se t  t h e  following va r i ab le s :  

E = e c c e n t r i c i t y  

OMEGA = argument of pe r i cen te r ,  r ad ians  

NODES = l o n g i t u d e  of ascending node ( t o  mean ve rna l  equinox of 1950.0), 
r ad ians  

INCL = o r b i t  i n c l i n a t i o n  t o  mean equator  of 1950.0, r ad ians  

MA = mean anomaly, r ad ians  

P = semi la tus  rectum, m 

If i n t e g r a t i o n  i n  o r b i t  elements i s  d e s i r e d  set  
IMODE = 1 
or else, i f  i n t e g r a t i o n  i n  r e c t a n g u l a r  coordinates  i s  d e s i r e d  se t  
IMODE = -1 

( 9 )  To s p e c i f y  takeoff  t i m e ,  se t  t h e  fol lowing va r i ab le s :  

DTOFFJ = J u l i a n  day number 

TOFFT = f r a c t i o n  of day 

TIME = t ime from previously s e t  J u l i a n  date, see 

Takeoff occurs at t h e  i n s t a n t  (ephemeris t i m e )  corresponding t o  t h e  sum of t h e  
l as t  t h r e e  quan t i t i e s .  
a b l e s  may be  skipped. 
2440 000. 

If a s p e c i f i c  d a t e  or t i m e  i s  not required,  t h e s e  v a r i -  
I n  that case, t h e  SUBROUTCNE STDATA sets DTOFFJ to 

(10) To spec i fy  t h e  o r i g i n  and any pe r tu rb ing  bodies, l i s t  them as BODYCD = 
( l i s t  of body names i n  "ALF" format, see text  example). 
l i s t  i s  taken to be the r e fe rence  body. The d i s t a n c e s  between t h e  bodies  i n  

The first  body- i n  t h e  
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this list must be computable from either ellipse data (instruction (11)) or 
ephemeris-tape data (instruction (2)). 
the list, Also, if the ephemeris tape is being used, the correct file must be 
found on it. For this purpose, set TFILE = desired ephemeris-tape file. The 
ephemeris files were numbered in sequence when written ia instruction (2). If 
WILE is not given, it will be set equal to 1.3 by the SUBROUTINE STDATA. 

(11) For each body whose path is represented by an ellipse, a 12-element 

There may be no more than eight names in 

set of data must be loaded. A 12-element set consists of: 

1. Body name in "ALF" format (maximum of six characters) 

2, Reference body name in "ALF" format (maximum of six characters) 

3. Mass of body, sun mass units 

4. Radius of sphere of influence, m 

5. Semilatus rectum, AU 

6. Eccentricity 

7, Argument of pericenter, radians 

8. Longitude of ascending node (to mean vernal equinox of 1950.0), 
radians 

9. Orbit inclination (to mean equator of 1950,0), radians 

10. Julian day at perihelion 

11. Fraction of day at perihelion 

12. Period, mean s o l a r  days 

It is convenient to punch a 12-element set in sequence and to separate the ele- 
ments by commas on as many cards as are required. 
loaded consecutively. !The order of the sets is immaterial. Ellipse data, if 
present, take precedence over ephemeris-tape data. 
tively, in any order, as follows: 

Several sets may then be 

The sets are loaded consecu- 

ELIPS = set 1, set 2, set 3, . . ., set n; n_< 10 (see example in appen- 
dix I) 

(12) If oblateness effects of the Earth are to be included, set 

(13) Provision has been made to fly multistage vehicles with up to 
10 stages. At least one stage must be loaded. There are eight parameters for 
each stage with provision for input-controlled modifications of other variables. 
The 10 values of each parameter are stored in an array corresponding to the 
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10 stages, Input cards are as follows: 

TB = burning time for 1st stage, 2nd stage, etc,, see 

FLOW = propellant flow rate f o r  1st stage, 2nd stage, etc., &/see 

SIMP = vacuum specific impulse of 1st stage, 2nd stage, etc., see 

AREA = aerodynamic reference area of 1st stage, 2nd stage, etc., m 

AFZIT = engine exit area for 1st stage, 2nd stage, etc,, m 

2 

2 

RMASS = initial mass or jettison mass for 1st stage, 2nd stage, etc,, 
kg 

DEZT E initial integration step size for 1st stage, 2nd stage, etc., 
see 

IDENT = input identification number 1st stage, 2nd stage, etc. 

TI3 must be loaded for as many stages as are to be flown. Others may be omitted 
if zero is appropriate. If RMASS(i) is not positive, the ith stage begins with 
the final mass of the previous stage reduced by the fixed amount RMAsS(i). 
the case of DELT, zero will result in use of Tl3/1OOI 
will cause any data cards of that identification number to be read in after the 
stage is set up and before integration begins. 
almost any change desired. 
tion (24). 

In 
IDl3NT of a nonzero value 

This permits the user to make 
The order of data cards is discussed in instruc- 

(14) The thrust orientation must be specified by setting 

BETA = angle p, deg (see sketch (a) (p. 4)) 

COEFN (I) = angle-of-attack schedule, CL = a(t) (see instruction (16)) 

ICC = fixed-point integer (see instruction (16) ) 

For the special case of tangential'thrust, none of the last three variables need 
be set. 

(15) If aerodynamic forces are present, set in addition to AREA in instruc- 
tion (13) : 

ATMN = name of body that has atmosphere, in "ALF" format, (Earth) 

RA5vl= radius above which atmospheric forces are not to be considered, 
m 

ROTATE = atmospheric-rotation rate, radians/sec ( 7. 29211585><10-5 for 
Earth) 

BETA = angle p, deg (see sketch (a)) 
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COEFN (I) = angle-of-attack schedule, a = a(t), CL/sin a, CD,O, and 

'D,i L 

ICC = fixed-point integers (see instruction (16)) 

/C2 curves (see instruction (16)) 

(16) If neither thrust nor aerodynamic forces are present, skip to instruc- 
/C2 are assumed to be tion (18). The relations a(t), CL/sin a, 'D,OY and 'D,i L 

quadratic functions that involve coefficients, which are located in the COEFN( J) 
array. The arrangement of these coefficients is best explained by an example. 
Suppose the function a(t) is as follows: 

Furthermore, additional sets of coefficients for the other functions may simply 
be added to the COEFN(J) array, which results in a string of sets of coeffi- 
cients, and can be represented, for example, as: 

The starting point in the COEFN(J) array of each function must also be loaded to 
identify the correct region of coefficients. To this end, the following array 
must also be loaded: 

ICC(1) = fixed-point value of J where a coefficients begin 

ICC(2) = fixed-point value of J where CL/sin a coefficients begin 

ICC( 3) = fixed-point value of J where CD,~/CL coefficients begin 

ICC(4) = fixed-point value of J where CD,0 coefficients begin 

2 

For this purpose, all values in the COEFN(J) array are called coefficients (i.e., 
the t's and the NM's  are coefficients). The sequence of the sets is arbi- 
trary, since changing the sequence requires only a change in the ICC(1) array, 
(See appendix I for Example 11, the lunar orbiting probe,) 
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’ (17)  The s i z e  of t h e  i n t e g r a t i o n  s t e p s  i s  determined p r imar i ly  by t h e  e r r o r  
c o n t r o l  variables. These a r e  loaded as! 

- 
EREF = e r r o r  r e fe rence  value; 8 i n  appendix D 

ERLIMT = maximum value of 6 that is acceptable  on any p a r t i c u l a r  s t e p  

EREF i s  always t r e a t e d  as a p o s i t i v e  number; however, i f  it i s  loaded wi th  a 
minus sign, t h i s  w i l l  cause e r r o r  information t o  be p r i n t e d  a t  t h e  completion of  
the problem. If no e r r o r  c o n t r o l  data i s  loaded, SUBROUTINE STDN’A w i l l  set  
EIiEF = 1x10-6, ERLIb” = 3x10-6. 

(18) The output  c o n t r o l  o f f e r s  a choice on t h e  frequency of output  d a t a  as 
fol lows : 

If MODOUT = I, output  w i l l  occur every n t h  s t e p  ( n  = STEPS) u n t i l  
t = ‘IMIlY, and then  MODOUT i s  s e t  equal  t o  2 by t h e  program 

If 
t = T M A X  

MODOUT = 2, output  occurs a t  equal  t i m e  i n t e r v a l s  of DELMAX u n t i l  

I f  MODOUT = 3, output  occurs at equal  t i m e  i n t e r v a l s  of DELMAX u n t i l  
t = DXCN, t hen  MODOUT i s  se t  equal t o  4 by t h e  program 

If MODOUT = 4, output  occurs every nth s t e p  ( n  = STEPS) u n t i l  
t=w 

S T E M  = m a x i m u m  s t e p  l i m i t  be fo re  problem is  completed 

DELMAX = t i m e  i n t e r v a l  between outputs  

STEPS = number of s t e p s  between ou tpu t s  

TMIN = t - i m e  when MODOUT changes 

Note t h a t  output  c o n t r o l  may, a t  t i m e s ,  s t r o n g l y  in f luence  t h e  i n t e g r a t i o n  s t e p  
s i z e  e s p e c i a l l y  if MClDOIlT i s  2 o r  3 and DELW i s  s m a l l .  
MODOUT = 4 and STEPS = 1, 

STDATA w i l l  put  

Note t h a t  
i s  computed in t e rna l ly .  

TMAX = t i m e  a t  s tar t  of a stage,  p l u s  t h e  s t a g e  t i m e ,  m(NSTAGE), and 

( 1 9 )  Provis ion has  been made t o  i n t e r r u p t  t h e  i n t e g r a t i o n  procedure when an 
a r b i t r a r y  value of an a r b i t r a r y  parameter i s  at ta ined.  By i n t e r r u p t  it i s  meant 
t h a t  an output  w i l l  occur a t  t h i s  point,  i npu t  i s  permissible,  and a dec i s ion  i s  
made whether t o  cont inue t h e  stage,  terminate  t h e  stage, o r  terminate  t h e  f l i g h t .  
Skip t o  i n s t r u c t i o n  ( 2 0 )  i f  t h i s  f a c i l i t y  i s  no t  desired-  To cause an i n t e r r u p t ,  
s e t  

LOOKX = COMMON C l o c a t i o n  of a r b i t r a r y  parameter 

XLOOK = value of C(LO0KX) where an i n t e r r u p t  i s  des i r ed  
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INLOOK = i npu t  i d e n t i f i c a t i o n  number f o r  i n t e r r u p t  

END = a nega t ive  number i f  f l i g h t  should be terminated, - zero i f  s t a g e  
should continue, o r  a p o s i t i v e  number i f  s t a g e  should be terminated 

If the i n t e r r u p t  i s  no t  d e s i r e d  t h e  first time C(LO0KX) = XLOOK, set 

LOOKSW 1 COMMON C l o c a t i o n  of a second a r b i t r a n j  parameter 

SWLOOK E value of C(LOOKSW), which must be equaled or exceeded before  
an i n t e r r u p t  may occur ( i n t e r r u p t  occurs i f  
C(LO0KSW) 2 SICLOOK) 

C(LO0KX) = XLOOK and 

Typically,  t i m e  may be the second a r b i t r a r y  parameterj  thus, STDATA sets 
LOOKSW = 711, t h e  COMMON l o c a t i o n  of  t i m e .  INLOOK of a nonzero value w i l l  cause 
any d a t a  cards  of t h a t  i d e n t i f i c a t i o n  number t o  be r ead - in  p r i o r  t o  t h e  i n t e r r o -  
g a t i o n  of END. 

( 2 0 )  Provis ion has been made t o  save a block of i n i t i a l  condi t ions and pro- 

The o rde r  of  t h e  cards  i s  discussed i n  i n s t r u c t i o n  (24 ) .  

gram c o n t r o l  parameters p r i o r  t o  t h e  i n t e g r a t i o n  of t h e  n t h  stage.  
the  f l i g h t  t o  be  flown aga in  from t h e  n th  s t a g e  onward with prescr ibed altera- 
t ions.  Skip t o  i n s t r u c t i o n  (21)  i f  t h i s  f a c i l i t y  i s  n o t  desired,  To save t h e  
program c o n t r o l  variable array,  A, and t h e  i n t e g r a t i o n  v a r i a b l e  array,  
X P R I M  + XPRIMB, j u s t  p r i o r  t o  i n t e g r a t i o n  of t h e  nth s tage,  se t  

This allows 

NSAVE = t h e  number of t h e  nth s t a g e  

The saved data, s t o r e d  i n  t h e  D array,  w i l l  be r e tu rned  t o  t h e  A and 
XPRIM i- XPEUMB a r r a y s  after t h e  f l i g h t  i s  completed i f  

RECALL = any nonzero number 

It i s  intended t h a t  changes i n  t h e  succeeding f l i g h t  w i l l  be made a t  t h e  main 
i n p u t  s t a t i o n  ( + D A T k l ) .  
and are t h e r e f o r e  unaffected by the  save - reca l l  sequence, The c o r r e c t  sequence 
of t h e s e  c o n t r o l s  i s  not  always simple and an understanding of t h e  main program 
and inpu t  s t a t i o n i n g  i s  q u i t e  des i r ab le -  

NSAVE and RECALL are no t  contained i n  t h e  a r r a y  A 

( 2 1 )  If t h e  s tandard s e t  of d a t a  contained i n  the SUBROUTINE STDATA i s  not  
desired,  se t  

CLEAR = any nonzero number 

It i s  intended t h a t  this c o n t r o l  shall be se t  nonzero by t h e  
s t a t i o n  at  t h e  beginning of t h e  main program. It i s  no t  a f f e c t e d  by t h e  save- 
r e c a l l  sequencing explained i n  i n s t r u c t i o n  (20). 

$DATA = 99 i n p u t  

(22) If t h e  number of  s t a g e s  t o  be flown i s  not  equal t o  the number of con- 
s e c u t i v e  nonzero f l i g h t  t i m e s ,  TEI, s e t  

LSTAGE = number of l as t  s t a g e  t o  be  flown 
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(23) When a t r a n s f e r  of o r ig in  occurs, provision has been made t o  read input  
i n t o  t h e  program. 
da ta  statements desired. 

This is  done with t h e  a i d  of $DATA = 101, followed by the  

E TAPE 3 = o 
%BEGIN = 
 TEND = 
  ELI ST = 

( 2 4 )  The sequencing of t h e  input  cards i s  not always simple and no r i g i d  
r u l e s  may be wr i t ten  down- Inspect ion of t h e  program may be necessary t o  answer 
some questions. However, i n  general, t h e  first input  cards belong t o  the  
$DATA = 300 This group i s  followed 
by t h e  group, which cons is t s  of t h e  main input  f o r  a s ing le  f l i gh t .  
Following t h i s  are t h e  i n - f l i g h t  input  cards, i f  any, which may be any combina- 
t i o n  of $DA!FA = 101, $DATA = INLOOX, o r  $DATA 1 I D E ~  (NSTAGE) groups. The 
order of  these groups of cards matches t h e  order of t h e  time sequence of events 
i n  t h e  f l i g h t  i t s e l f ,  
added i n  tandem. It i s  usual ly  des i rab le  i n  t h i s  case, however, t o  read a l l  the  
$DATA = 300 
tape handling. 

group i f  an ephemerides tape is  required. 
$DATA = 1 

For multiple f l i g h t s ,  s e t s  of t h e  above groups may be 

sets a t  t h e  same time (as i n  i n s t ruc t ion  (3) )  t o  avoid excessive 

E l l i p t i c  

ELIPS = 

(25) Following i s  an input  check list t h a t  may be he lpfu l  a t  execution time: 

Takeoff t i m e  

DTOFFJ = 
TOFFT = 
TIME = 

o u t p u t  
c o n t r o l  

TMIN = 
MODOUT -- 
STEPS = 
DELMAX = 
STEPMX = 

INPUT CHECK LIST" 

P o s i t i o n  and v e l o c i t y  Refe rence  and p e r t u r b i n g  bod ies  
( c o m p l e t e l y  f i l l  i n  one and o n l y  one b l o c k )  

R e c t a n g u l a r  

x =  
Y =  
z =  
vx= 
w =  vz= 
IMODE = 2 

E r r o r  
c o n t r o l  

EREF = 
ERLIMT = 

O r b i t  e l emen t s  

E =  
OMEGA = 
NODES = 
INCL = 
M A =  
P =  
IMODE = 3 

Res ta r t  
f e a t u r e  

NSAVE = 
RECALL = 
CLEAR = 

Parameter  
s e a r c h  

L o o m  = 
XLOOK = 
LOOKSW = 
SWLOOK = 
INLOOK = 
END = 

S p h e r i c a l  

LAT = 
LONG = 
A 2 1  = 
ELEV = 
ALT = 
JEL = 
PKI CK 
[MODE = 4 

Atmosphere and 
c o e f f i c i e n t s  

ATMN = 
RATM = 
COEFN = 
I C C  = 
BETA = 

O b l a t e n e s s  - 
r o t a t i o n  

OBLATN = 
ROTATE = 

aThe f o l l o w i n g  s t a n d a r d  data a re  loaded  by  SUBROUTINE STDATA: 

DTOFFJ = 2440 000.0 MODOUT =I 4 EREF = 1 X 1 0 - 6  
IMODE = 1 STEPS = 1 . 0  ERLIMT = 3 X 1 0 - 6  
BODYCD(1) = (ALF5)EARTH STEPMX = 100.0 TFILE = 1.0 
RMASS(1) = 1.0 LOOKSW = 7 1 1  

S t a g e  
d a t a  

TB = 
FLOW = 
SIMP = 
AREA = 
DELT = 
RMASS = 
AEXIT = 
IDENT = 
LSTAGE = 

b A t  i n p u t  300, s e t t i n g  TAPE 3 = 0 i s  n e c e s s a r y  t o  make a n  ephemeris  t a p e .  
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APPENDIX H 

PROGRAM LISTING 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 

C 
C 

C 
C 

THIS M A I N  PKOGRAM I S  THE SUPERSTRUCTURE ABOVE A L L  SUBPROGRAMS- 
SUBROUTINE TAPE CLEARS COMMON 1 THRU 4000 AND MAY CUNSTRUCT AN 
EPHEMERIS TAPE, ALSO, IT ALYAYS SETS T A P E 3  =O. SUBROUTINE ZTDATA 
LOADS A STAkOARO SET OF DATA. I F  RECALL DOES NOT EQUAL L E R O i  A 
PREVIOUbLY 5AVED SET OF DATAIFROM STAGE1 15 MOVED TO THE I N I T I A L  

COMMON C 

D I M E N S I O N  A l 6 0 0 1 r  8 1 7 0 0 1 1  C 1 4 0 0 0 1 ~  
1 T B ( 1 0 1 .  011100) 

EPUIVALENCE 
I I A  ,C I I l ) l . ( B  t C  I 1 1 1 1 1 ) r I C L t A R  IC I 31)- 
2 1 0  ,C 1 2 1 1 1 1 ) I l L S T A G E I A  I 3 8 ) l r l N C A S E  .C I 1 1 ) .  
31NCASES.A I 60011.1NsTAGE.A I 31111RECALL.C L 511. 
4 1 T B  .A I 6 3 1 I I 1 T A P E 3  .C I 2 ) ) 1 1 T A B L E  IC 1 1 9 1 1 1 )  

1 C A L L  I N P U T  (99.C.TABLE) 

2 C A L L  TAPE 
3 NCASE = NCASE + 1 

I F  I T A P E 3 1  3,213 

WRITE OUTPUT TAPE 6.12.NCASE 

I F  I C L E A R I  5 r 4 r 5  
12 F O R M A T ( 1 Z H l L A S E  NUMBER13.1H.) 

4 C A L L  STDATA 
5 I F  I R E C A L L )  6r8.6 
6 DO 7 J = I . l l U O  
7 A i J I  = O I J I  

WRITE OUTPUT TAPE 6.16.NSTAGE,NCASES 
16 F O R H A T ( 3 3 H  RECALLED I N I T I A L  DATA FROM S T A G E l Z s B H  OF C A S E 1 4 . 1 H - I  
8 C A L L  I N P U T  1 I .C.TABLE)  

I F  [ S E N S E  S N I T C H  6 )  1 3 . 1 4  
13 WRITE OUTPUT TAPE 6 .15  
15 F O R M A T l 1 9 H O E X I T  V I A  SENSE SW6) 

14 I F  ( L S T A G E I  l l r 9 . 1 1  
C A L L  E X I T  

9 OD 10 L S T A G t = I . I O  ~.~ ~~ ~ .. ~ 

I F  ( T B ( L S T A ( . E + l I l  1 0 . 1 l 1 1 O  

LSTAGE = 10 
10 CONTINUE 

I 1  CALL ORDER 
17 CALL S T A G t  

GO TO I 
END 

I O N S  I N  THE COEFN ARRAY. GASFAC I S  THE S P R T F I S P E C I F I C  HEAT R A T I O  * STANO- 
ARD ACCELERATION OF G R A V I T Y  U N I V E R S A L  GAS CONSTANT). 
2 0 . 0 6 4 8 8 1  (METERS / SEC**2 / K E L V I N  D E G R E E l * + l / L .  

COMMON C 

D I M E N S I O N  A l 6 0 0 ) .  8 1 7 0 0 ) .  CI4000), 
l V A T M ( 3 ) .  P 1 3 1 r  X I F T ( 3 l r  O R A G I 3 I .  P A R 1 3 ) .  X I 1 0 0 1  

EOUIVALENCE 

FOR EARTH, GASFAC= 

P = 0.5*ONSITY*VQSQRD 
OVAL = Q * A R t A / X ( Z I  
VMACH=SPRTFlVUSQRD/TMl/GASFAC 

COMPUTE THE XIVIZ COMPONENTS OF L I F T .  
I F  ( A L P H A )  2.1.2 

I CL = 0.0 
co 1=0.0 
GO T O  4 

AA = PVAL*CL/PMAGN 
AB = S I N B E T I Y O  

2 CL = QUAD(VMACH,ZI*SINALF 

DO 3 K = l r 3  
3 X I F T I K I  = AA.IAB*PARlKI+COSBET*P~K~I 
7 CDI=PUADIVMACH.3l.CL.CL 

COMPUTE THE X I V I Z  COMPONENTS OF DRAG. 

AC = -CD*PVAL/VP 
4 CD = CDl+uUAOlVMACH,4 l  

I 6011. 

DO 5 K = l r 3  
5 D R A G I K )  = A C * V A T M l K )  
6 RETURN 

END 
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F U N C T I O N  ARCTAN 1 Y . X I  
C T H E  FORTRAN I 1  L I 0 R A R Y  A T A N F l +  OR - Z = T A N l T H E T A l l  U S E S  A S I N G L E  
C ARGUMENT n l l n  ITS S I G N  TU G I V E  THETA I N  T H E  F I R S T  l + Z l  OR FOURTH 
C I - Z l  QUAORANT. 
c 
C THE ARCTAN F U N C T I O N  MAY 0 E  U S E 0  I F  + OR - 2 IS U E R I V E D  FROM A 
C F R A C T I O N  SO THAT ARCTAN l Y . X l  = T A N - I  ll+OR-Y~SINITHETAll/l+UR-X= 
C C O S ( T H E T A I I 1 .  THUS THE ARCTAN 1 Y . X )  G I V E S  THETA I N  ITS PROPER 

5 QUAORANT FROM -180 DEGREES T O  +100 DEGREES- 
L 

I F  1 x 1  2.1.2 

GO TO 4 

I F I X I  31114 

1 ARCTAN=SIGNFl1.57079632.Yl 

2 A R C T A N = A T A N F l Y / X I  

3 ARCTAN=ARCTAN+SIGNF13.141592651Y) 
4 RETURN 

E N 0  

C 
c 
c 
c 
c 
c 

c 

c 

c 

c 
C 
c 
C 
c 
c 
c 

c 

c 

c 

T H I S  R O U T l N t  COMPUTES -- I l l  
1 2 1  
1 3 1  
141 
1 5 1  

COMMON C 

S U B R O U T I N E  C O N V T I  IV.AMC1 
ANGULAR MOMENTUM, A M C l 4 1  
ANGULAR MOMENTUM SQUAREDI A M C 1 5 1  
X t Y . 2  COMPONENTS O F  ANG. MOM.. A M C I J I  
V E L O C I T Y .  V I 4 1  
V E L O C I T Y  SUUAREOI V I 5 1  

D I M E N S I O N  A l 6 0 0 1 .  01700Iv C1400011 
1 AMC131.  V 1 5 1 ,  R B 1 3 1 .  I N 0 1 3 1  

E Q U I V A L E N C E  
l l A  I C  I 1 1 1 1 . 1 B  .C 1 1 1 1 1 1 l ~ I I N O  .A I 6 O l I t  
2 l R 0  I B  I 1 9 3 1 1  

00 I J I = l r 3  
J 2 = I N O I  J 11 
J 3 = I N O I J 2 I  

I A M C I J 3 1  = RalJ1~*VlJ2l-RB1JZl~VlJll 
A M C l 5 1  = AML1I1**Z+AMC121*~2+AMC131 
A M C l 4 1  = S Q R T F I A M C l 5 1 )  
V I  5 1  = V I  I 1*.2+V121..2tV131..2 
V I 4 1  = S Q R T F l V I 5 1 1  
RETURN 
E N 0  

5.2 

S U B R O U T I N E  CONVTZ 
T H I S  R O U T I N E  CONVERTS RECTANGULAR COOROINATES I N T O  ORBIT ELEMENTS. 
RECTANGULAR COORDINATES- P O S I T I O N  COMPONENTS,XIANO V E L O C I T Y  COMPONENTS.VX. 
THE ORBIT ELEMENTS ARE I N  THE ORBELS ARRAY- 
I 1 1  E C C E N T R I C I T Y  141 I N C L I N A T I O N  
1 2 )  ARGUMElrT O F  P E R I C E N T E R  1 5 1  MEAN ANOMALY 
1 3 1  L O N G I T U U E  OF A S C E N D I N G  NODE 1 6 1  S E M I L A T U S  RECTUM 

COMMON C 

D I M E N S I O N  A 1 6 0 0 1 .  017001r C l 4 0 0 0 1 ,  
I AMC131.  O R B E L S 1 6 1 7  R 0 1 3 1  

E Q U I V A L E N C E  
I I A  r C  
2 l A M C  r B  
3 1 E P A R  . B  
41R r 6  
5 1 T R U  .B 
6 l V X  16 I 9 3 ) I . l V Z  ,E 

I 9 1 1 1 ,  
I 5 3 1 1 ,  
I 1 1 6 1 1 ~  
I 5 2 1 1 1  
I 9 6 1 1 .  
I 9 4 1 1  

O R B E L S l 6 1 = A M S O R O / G K 2 M  
R=SQRTF1R0II1~~2+RB121~*2+R~131**21 
T R U = A R C T A N I A M / G K 2 M ~ l R B l ~ ~ ~ V X + R B l 2 l ~ V Y + R 0 l 3 l ~ V 2 l , O R 0 E L S 1 6 ~ - R l  
I F l A M C I 1 1 1  2.192 

GO TO 3 
1 O R B E L S 1 3 1 = 0 .  

2 ORBELSl3l=ARCTANlAMCl~~,-AMCl2lI 
3 O R B E L S l 4 ~ = A R C T A N 1 S Q R T F l A M C l l l * ~ 2 + A M C l 2 l ~ ~ 2 l ~ A M C l 3 l l  

S N O O E = S I N F I O R B E L S 1 3 1 1  
C N O D E = C O S F l O R B E L S 1 3 1 1  
AA=RBlll~CNUDE+RB12l*SNOOE 
A B = R B 1 3 l ~SINFIORBELS14l~+COSFlOR0ELSl4ll~lRBl2l~CNOOE-RBll~~SNOOEl 
O R B E L S l 2 l = A R C T A N I A 0 , A A ~ - T R U  
ORBELSlll=SURTFlA0SF1l~+ORBELSl6l~lVSQRO/GK2M-2~/R~ll 
EPONE=SQRTFII.+OR0ELSIIIl 
E 2 M l = l . - O R 0 E L S l I l * * 2  
E P A R = S Q R T F 1 A 0 S F l E 2 M l l l  
S I N T R U = S I N F I T R U I  
COSTRU-COSFI T R U I  
EPAS=SQRTFIA0SFI1.-OR0ELSllllI*SINTRU/II.+COSTRUI 
E T H E T A = O R B E L S l l l ~ S I N T R U / 1 l . + O R B E L S l ~ l ~ C O S T R U l ~ E P A R  

4 I F l E 2 M l I  5.6.6 
5 OR0ELSl5l=LUGFl1EPONE+EPASl/lEPONE-EPASll-ETHETA 

(.n r n  7 ._ . -  . 
6 ORBELS151=2. .ARCTANIEPASIEPONE)-ETHETA 
7 RETURN 

E N 0  
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I 

C  
C  
C  
C  
C 

C  

C  

C  

C  
C  

C 
C  

C  
C  

C  
C  
C 
C 
C 
C  
C 
C 
E 
C 
C  
C 
C 
C 
C 
C 
C 
C  
C 
C 
C  
C  
C  
C  
C  

C  

C  

S U B R O U T I N E  ERRORZ 
THIS S U B R O U T I N E  COMPUTES THE R E L A T I V E  ERRORS B E T Y E E N  THE R-K AND LOW-ORDER 
I N T E G R A T I O N  SCHEMES. IT A L S O  COUPUTES T H t  tRROR C O E F F I C I E N T .  A. A N 0  S A V E S  
THE ERROR DATA WHEN E R E F  H A S  A  - SIGN.  THE BRANCH ON I U O O E  D E T E R M I N E S  
W H I C H  SET OF N O R M A L I Z I N G  FACTORS ARE TO B E  USED. 

COMMON C  

D I M E N S I O N  6116001.  B 1 7 0 0 ) g  C 1 4 0 0 0 1 1  
1 RELERR 181, X P R I U  12001. X I N C  1100) 

E Q U I V A L E N C E  
I I A  r C  
218 ,c 
3 1 E R E F  .A 
41R ,B 
5 1 v  . B  

E Q U I V A L E N C E  

I 111 
11111) 
I 131 
I 1021 
I 951 

I R E L E R R .  

1 . 1 1 1  .B  
I t I O E L T  , 8  
ItllMODE r A  
1 v l S T E P G O . A  
1 , I X I N C  rB 
X l N C l  

E 2  = 0. 
R E L E R R I Z I  = X I N C I Z I / X P R l U l Z I  
I F  IIUOOE-I1 2.112 

I I O I I . l A 2  . B  I 1111. 
I l l ) ~ l E Z  18 I IB)), 
I ~ I I I I I N O E R R ~ B  I 5111. 
I 4 1 1 1 r l S T E P N 0 1 A  I 4 2 1 1 1  
I 6 0 1 1 1 ~ 1 X P R l M  t C  I 7 1 1 1 1  

1 

10 

2 

2 0  

3 

4 

5 

6 

7  

COMPUTE THE N O R M A L I Z E O  I N T E G R A T I O N  ERRORS FOR T H E  O R B I T  ELEMENTS. 
RELERR131=XINC13~/1XPR1M131+1.1/10. 
RELERRIBl-XINCIBl/XPRlMlBl/lO. 
DO 10 J=1.4 
R E L E R R I J + 3 1 = X I N C I J + 3 1 / 6 2 . 8 3 1 8 5 3  
GO TO 3  

COMPUTE THE N O R M A L I Z E O  I N T E G R A T I O N  ERRORS I N  RECTANGULAR V A R I A B L E S .  
V I  - v + 1 0 0 .  
DO 20 J = 1 , 3  
RELERRIJ+Z)=XINCIJ+ZI/VI 
R E L E R R I J + 5 I = X I N C I J + 5 I / R  

SELECT U A X I M U M  tRROR. COMPUTE ERROR C O E F F I C I E N T *  P O S S I B L Y  SAVE ERROR DATA. 
00 5 J - 2 . 8  
I F  l A B S F I R E L E R R I J I l - E 2 1  5 , 5 1 4  
#.=.I .. - 
E 2  = A B S F I R t L E R R l J l )  
C O N T I N U E  
E 2  = E 2  + 2.5-8 
A I  = A ?  

RETURN 
E N 0  

S U B R O U T I N E  EQUATE 
T H I S  S U B R O U T I N E  IS C A L L E D  FROU NBOOY TO E V A L U A T E  THE D E R l V A T I V t S  OF THE 
V A R I A B L E S  OF I N T E G R A T I O N .  E I T H E R  RECTANGULAR COOROINATES OR ORBIT E L E -  
U E N T S  MAY BE USEO AS THE V A R I A B L E S  OF I N T E G R A T I O N .  BUT I N  THE CASE OF THE 
L A T T E R ,  THE CORREbPONOING RECTANGULAR COOROINATES UUST F I R S T  B E  FOUND. 
T H I S  IS DONE A T  THE B E G I N N I N G  THRU THE USE OF K E P L E R S  EQUATION.  THE 
P E R T U R B A T I N t i  A C C E L E R A T I O N S  ARE FOUND B Y  C A L L I N G  V A R I O U S  OTHER S U B R O U T I N E S  
A N 0  T H E I R  SUM R E S O L V E D  ALONG THE X t Y t Z  A X I S .  F I N A L L Y .  THE D E R I V A T I V E S  
ARE CALCULATED.  I N  THE CASE OF O R B I T  ELEUENTS.  THE X.Y.2 P E R T U R B A T I N G  
A C C E L E R A T I O N  COUPUNENTS MUST F I R S T  B E  RESOLVED I N T O  C I R C U M F E R E N T I A L ~ R A O I A L  
AND NORUAL LOMPONENTS. T H I S  R O U T I N E  A L S O  CHANGES THE I N T E G R A T I O N  V A R I -  
A B L E S  FROU URBIT ELEMENTS TO RECTANGULAR V A R I A B L E S  I F  T H E  E C C E N T R I C I T Y  
APPROACHES U N I T Y .  THE X.XPRIUp A N 0  XOOT ARRAYS ARE AS FOLLOWS. 

X 

1 
2 
3  
4 
5 
6 
7  
8 

COMMON C 

ORBIT ELEMENTS 

T I M E  
MASS 
t C C E N T R I C I T Y  
ARGUMENT OF P E R I C E N T E R  
ARGUUENT OF ASC. NODE 
I N C L I N A T I O N  
U E A N  ANOMALY 
S E M I L A T U S  RECTUM 

RECTANGULAR COOROINATES 

T l U E  
UASS 
X - V E L O C I T Y  
Y - V E L O C I T Y  
Z - V E L O C I  TY 
X  
Y 
z 

D I M E N S I O N  A I b O O l t  8 1 7 0 0 1 .  C 1 4 0 0 0 1 .  
I X P R l U  IlOOtZle VX 1 3 1 .  QX 131. 
Z RB 131, NEFURS 1811 x 11001, 
3 X P R I M B  1100~21. FORCE 131. X I F T  1 3 1 .  
4 DRAG 1 3 ) .  O B L A T  1 3 1 ,  COMPA 1 3 1 ,  
5 XDOT 11001 
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C 

C 
C 
C 
C 

C 
C 
C 

C 
C 

C 
C 

C 
C 
L 

50 

E P U I V A L E N L E  
I I A  .C  
218 .C 

4 1 C O S I R U l B  
SIEMUNE ,E 
b IEXMOOEIB 
7 1 G K 2 M  , B  
B I K S U B  r E  
P I N S T  AH 1. B 

I I P R E S S  , B  
2 I R A O I A L . B  

31c IRCUM, a 

E Q U I V A L t N C €  

31R - 8  
4 1 S l N T R b r E  
5I T A B L T  .E 
b I T T t S 1  .A 
7 l V S O R D  . B  

I 
I 
I 
I 
I 
I 
I 
I 
I 

1 
I 
I 
I 
I 
I 
I 

111 
11111 

8 2  i 
5 3 1  
2 8 )  
2 7 )  
36 1 
1 9 1  
2 4 )  

33) 
E 1  i 

102) 
52) 
20) 
54 i 
9 6 )  

r IAMSQRDIB 
r 1 E N A M L  . B  
, I COMPA , B  
, I C O S V  r B  
, I t P A R  r B  
, l F L O H  .E 

r l P U S H O  . B  
I IRATMUSIB 
, IRSORD B 
, I S I N V  . B  

I 9 1 ) ) r l A S Y M P T . A  
I l 2 2 l I ~ l C l N C L  . B  
I 6 3 1 I , I C U N 5 T U . A  
I 5 7 1 1 , l O R A G  . B  
I 2 6 l l r I E T U L  ,A 
I S)IIIFORCE , B  
I 3 7 i I r l l M U U E  ,A 
I 4 2 ) l r l N E F M R S . B  
I 4 0 ) ) r I O B L A T  ,E 

I T i ) ,  
I 55)). 
I 3 2 1 ) .  
I 6 9 ) ) .  
I 30)). 
I 6 6 1 1 .  
I 111, 
I 185111 
I 7511 

I 7 B 1 1 r  
I 1 9 3 1 1 .  
I 5 4 1 1 ,  
I 44)). 
I 811, 

T A B L I = X I 1 l / b P U + T O F F T  
IMOUt=IMOot 

I L.0 TO 1 2 . 1 6 . 1 6 1 1 1 M O U E  

S T A T E M t N T S  L T O  16 F I N O  THE RECTANGULAR P O S I T I O N  ANU V E L O C I T Y  FROM O R B I T  
ELEMENTS ANU TRUE ANOMALY. THE T R U t  ANOMALY I S  FOUND FKUM I T t R A T l V t  
S O L U T I O N  UF K € P L t R S  EUUATION.  

2 C ?  = XIPI..L _. _. ~ 

t 2 M l  = 1.-tL 
EHONE = X 1 3 ) - I .  
E P A R = S Q R T F I A B S F I E L M l I i  
V L I R C L = G K H / 5 P H T F I X I B I I  

COFPUTE S I N t  ANU L O b I N E  OF TKUE ANOMALY. 
PART A. E = l  

3 I F  I E M O N t )  10 .4 .5  
4 S I N T R U  = 0. 

COSTRU = 1. 
GO T O  14 

PART d. E IS GREATER THAN I 
5 UO 7 J=I.IOU 

DELM = X l 7 i - U + X I 3 i r 5 l N H F I U l  
ECOLlr  = X I 3 i . C D S H F I U l  
U t L U  = O € L M / I I . U - t C U S U 1  
U = U I O E L U  

6 I F  I A B S F l D t L M ~ - C U N S T U I  9 .9 .1  
7 CONTINUE 

A S Y M P I  = 1.0 
I F  IHUOUYSI B r 2 3 . 8  

8 C A L L  EPHMRb 
LO T O  2 3  

9 COSU = C O S H F I U )  
O E M 1  = 1.-XlJl.COSU 

~ , r .  ? . .  " . l l I , h c . . l  
L"> In" ~ I CY,"-* l ,  I , ,  " C n l  

S I N T R U  = - E P A R * S I N H F I U ) / U E M I  
GO TU 1 4  

PART C. t I5 L E S S  THAN I 
10 DO 1 2  J= 

O t L H  = X 
ECOSU = X l 3 ) * C I  
D t L U  9 U € L M / I l .  
u = IJ 'UtLU 

1 1  I F  I A B S F I U € L M l - C O N S T U )  1 3 , 1 3 . 1 2  
I 2  L O h i T I N U t  

U R I T t  OUTPUT TAPE 6 . 5 5 r U r D t L U  

1 5  

COMPUTE P O S I T I O N  A N 0  V E L U C l T Y  FROM O R B I T  E L t M E N T S  ANU TRUE ANUMALY. 
ALSO, L L E A R  THE P E R T U R t ) A l I N G  ACCELERATIONS.  
SOMEGA = S I N F I X 1 4 1 )  
COMtGA = C O b F l X I 4 ) )  
SNOOE = S I N F I X l 5 1 )  
CNCUE = C U S F I X 1 5 1 )  
b I N C L  = S I N F l X 1 6 1 )  
C l N C L  = C O S F I X 1 6 1 )  
SINV=SINTRU.CUMEGA*LOSTRU*SOMEGA 
COSV=COSTRU*COMEGA-SINTRU*SUMEGA 
A K = C O S V * C N U U t - S I N V ~ S N U O E * C l N C L  
E l = S I N V ~ C N U U € + C U ~ V ~ S N O O t * C l N C L  
L I = C O S V . S N U U E + S I N V 1 L N O O E . C I N C L  
D I = S I N V ~ S N U U t - C O S V ~ C N O O E ~ C l N C L  
t l  = X l 3 1 * 5 U M t G A t S I N V  
F 1  = X I 3 1 * C U M E G A + L O 5 V  
A S = E l r C N O U t + F l * S N U O t . C I N L L  
t32=FI.CNDUE*LINCL-E1*5NUUE 
R = X I B I / P O V R  
R S P R O  = R I K  
S I N V Y = S I N V * h I N C L  
R B I I )  = K * A K  
R B I 2 1  = R*CI 
R B I 3 )  = K * S I N V Y  
V X I I ) = - V C I R L L * A S  
V X I 2 I = V C I R C L * E 2  
V X 1 3 l = V C I R C L . F l * S I N C L  
GO TO 18 



C 

C 
C 

C 
C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
C 

16 00 17 K = 1 , 3  
V X I K I  = X I K t 2 I  

1 7  R B I K )  - X I K + 5 1  
R S Q R O  = RBIIl*RBI11 + R B I 2 ) * R B I 2 I  + R B 1 3 1 * R B 1 3 1  
R=SQRTF I R S P R O I  

V = S Q R T F l V 5 P R O I  
00 19 I = l r 1 5  

1 8  v S P R O = V X I l l * v X I 1 ~ + V X l 2 ~ ~ V X l 2 l + V X l 3 l ~ V X l 3 l  

19 F O R C E 1 1 1  5 0. 

T E S T  FOR P R t S E N C E  OF P E R T U R B I N G  BODIES. 
IF IMBOOYSI 2 0 0 2 1 ~ 2 0  

20 C A L L  EPHMRS 
2 1  IF l X A B S F l I M O U E I - 1 1  2 6 1 2 2 ~ 2 6  

22 
23 
24 

25 
27 

T E S T  FOR CHANGE FROM ORBIT E L E M E N T S  TO 
C O O R O I N A T E S  I F  E IS TOO NEAR TO UNITY- 
IF I E T O L - A B S F I E M O N E I I  2 6 ~ 2 3 . 2 3  
I F  I I M O O E I  54124.24 
IMOIJE=-3 
IF I N S T A R T I  25.54,25 
T T E S T  = X I 1 1  
C A L L  TESTTR 

TEMPORARY RECTANGULAR 

T E S T  FOR O B L A T E N E S S  P E R T U R B A T I O N  C O M P U T A T I O N -  
26 I F l O B L A T N - B N A M E l 3 0 , 2 9 . 3 0  
29 C A L L  O B L A T E  

T E S T  FOR PRCSENCE OF THRUST. 
30 X O O T l 2 I  = - F L O U  

IF I R - R A T M O S I  31~31 .32  
31  C A L L  I C A O  

GO T O  33 
32 PRESS=O. 
33 I F  I P U S H O I  3 7 . 3 6 . 3 7  
36 A S S I G N  40 TO NOONE 

GO TO 38 
37 C A L L  THRUST 

A S S I G N  4 1  TU NOONE 

T E S T  FOR C X l S T E N C t  O F  ATMOSPHERE. F I N O  AEROOYNAMIC FORC€S. 
3 8  I F  [ P R E S S  I 39142.39 
39 GO TO NOONE, 1 4 0 ~ 4 1 1  
40 C A L L  THRUST 
4 1  C A L L  AERO 

SUM COMPONENTS OF THE P E R T U R B I N G  A C C E L E R A T I O N .  
42 00 43 J=1,3 
4 3  C O M P A I J I  = -PXlJl+OBLATlJ~tFORCElJl+XlFTlJl+ORA6lJ~ 
44 GO T O  1 4 7 v 4 5 ~ 4 5 1 . 1 M 0 0 E  

COMPUTE O E R I V A T I V C S  FOR THE RECTANGULAR V A R I A B L E S  OF I N T E G R A T I O N .  
45 AA = GKZM/R/RSQRO 

00 46 K=1,3 
X D O T I K + 5 1  = X I K + 2 1  

GO T O  5 4  

COMPUTE T H E  O E R I V A T I V E S  OF T H E  ORBIT E L k M E N T S .  l A F T € R  R E S O L V I N G  
P E R T U R B A T I N L  A C C E L E R A T I O N  I N T O  C I R C U M F E R E N T I A L .  R A D I A L ,  NORMAL C U M P U N t N T S l  

RAOlAL=COMPAlII*AR+COMPAl2l~CL+COMPAl3l*SlNVY 
Z O R M A L = C O M P A l I l ~ S N O D E ~ S I N C L - C O M P A l 2 l ~ C N O O E ~ ~ l N C L * C U M P A l 3 l ~ C l N C L  
Z N = V C I R C L * E L M l ~ E P A R / X O  
R O V P P l  = l . /POVR + I .  
ROVA = E 2 M I / P D V R  
X O O T I B I  = Z . * R / V C I R C L * C I R C U M  
I F  I X 1 3 l I  48 .4814 ’3  

48 CSPRO = C I R C U M * C I R C U M  
RASPRO = R A U I A L * R A O I A L  
O E M 1  = 1 4 . ~ L S P R 0 + R A S P R O 1 ~ V C l R C L  

T E S T  FOR I N - P L A N E  PERTURBATION. 
I F  IOEMll 5 7 . 5 6 . 5 7  

56 X O O T l 3 1  = 0. 
X O O T 1 4 1  = 0. 
X O O T l 7 1  = 0. 
GO TO 50 

X O O T 1 3 1  = S P R T F 1 4 . * C S P R O + R A S P R O l / V C l R C L  
X O O T l 4 1  = V U V Z R + I 2 . * C S P R O + R A S P R O l / O E M l ~ R A O l A L  
X O O T I T I  = Z N - V O V 2 R + l 6 . * C S P R O + R A S P R O l / O E M ~ * R A O l A ~  
GO TO 5 0  

X O O T l 4 1 = l S I N T R U / X l 3 l . R O V P P 1 ~ C l R C U M - C O S T R U * R A O l A L / X l 3 l l / V C I R C L  
X O O T l 7 l = Z N + t P A R / V C I R C L . I ( C O S T R U / X l 3 l - 2 ~ / P O V R l ~ R A O l A L - l S l N T R U / X l 3 l ~  

46 X O O T I K + 2 1  = C O M P A l K l - A A * X I K + 5 1  

4 7  C I R C U M = C O M P A 1 3 l ~ C O S V . S I N C L - C O n P d ( l I ~ B 1 - C O M P A l 2 l * O I  

57 VOWZR=VCIRCL/R/2.  

49 X O O T 1 3 1  = lSINTRU+RAOlAL+IPOVR-ROVAl/Xl3l*ClRCUMl/VC~RCL 

I R O V P P l * C  I R C U M I  I 
50 I F I S I N C L I  5 1 . 5 2 . 5 1  
5 1  X O O T l 5 1  = S I N V / S I N C L . Z O R M A L / V C I R C L / P O V R  

cm r n  5 3  _ _  . _  ._ 
52 X O O T l 5 1  = 0. 
53 X O O T 1 6 1  = CUSV.ZORHAL/POVR/VCIRCL 
54 R E T U R N  
55 F O R M A T l 4 1 H O K E P L E R S  E Q U A T I O N  CONVERGENCE F A I L U R E .  U=G15.8.7H OELU= 

l G 1 5 . 8 1  
EN0 

_ _  . _  ._ 
52 X O O T l 5 1  = 0. 
53 X O O T 1 6 1  = CUSV.ZORHAL/POVR/VCIRCL 
54 R E T U R N  
55 F O R M A T l 4 1 H O K E P L E R S  E Q U A T I O N  CONVERGENCE F A I L U R E .  U=G15.8.7H OELU= 

l G 1 5 . 8 1  
EN0 

51 



C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

c 
C 

C 
C 
c 
C 
C 

C 
C 
C 

C 
C 
C 
C 

0 

C 
C 

C 
C 
C 
C 

C 
C 

C 
C 
C 

C 
C 
C 
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SUBRUUTINE EPHMRS 
SUBROUTINE EPHMRS I S  C A L L E D  TO COMPUTE THE P O S I T I O N S  OF THE PERTURBING 
B O D I E S  R E L A T I V E  TO THE V E H I C L E  ANDs FROM THESE, T H E I R  PERTURBING ACCELERA- 
T I O N S  UPON THE VEHICLE.  OCCASIONALLY T H I S  R O U T I N E  IS C A L L E D  FOR THE PURPUSE 
OF T R A N S L A T I N 6  THE O R I G I N  I N  WHICH CASE I T R S F E R = 1 1  THE R E L A T I V E  V t L O C l T I E S  
ARE ALSO CALCULATED. I F  A BOOYS P O S I T I O N  I S  TO BE COMPUTE0 FROM AN E L L I P T I C  
APPROXIMATION SUBROUTINE E L I P S E  IS  CALLED. OTHERYISEI  THE P O S I T I O N  W I L L  Bt 
CALCULATED I N  EPHMRS FROM THE P R E C I S I O N  TAPE EPHEMERIS. THE 00 19 LOOP 
ENCOMPASSES ALMOST THE E N T I R E  EPHMRS SUBROUTINE A N 0  , I N  EFFECT. E L I P S E  TOO. 

COMMON C 

EQUIVALENCE 
I I A  .C 
2 1 0 M A S S  .0 
3 1 1 0 o o v  r0 
4 1 Q X  10 
5 i S P R O K  , B  
L I T D A T A  , B  
~ ( T R S F E R I B  

E Q U l  VALENCE 

PART 2. SET INOEXS. F I N O  P O S I T I O N  I F  E L L I P S E  I S  USEO INEFMRS = 20 OR U P ) .  
DO 19 JB=I.MBOOVS 
I R I  = In*,  --- -- - 
I B F  = I B O D V i J 8 1 1  
I0 = X A 0 S F i I B F l  
I F  I N E F M R S I J B I - 2 0 1  2.2.1 

1 C A L L  E L I P S E  i J B 1 1  
I F  I T R S F E R I  1 2 . 1 2 1 1 7  

PART 3. TAPE EPHEMERIS IS TO BE USEO. F I N O  DIFFERENCE I O T I  BETMEEN 
CURRENT PROBLEM T I M E  I O T O F F J * T A B L T l  AN0 M I D P O I N T  T I M E  ITIMI OF CURRENTLY 
STORE0 TAPE DATA. THEN SEE I F  CURRENT DATA IS  OKAY. TOEL = T I M t  I N T E R V A L  
ON E I T H E R  S I D E  OF TIM FOR WHICH CURRENT DATA 15 G000.  

I F  I A B S F I O T I - T O E L i J I l l  1 0 ~ 1 0 ~ 3  
2 OT = TABL T - i T l M i J 0 I  - 0 T O F F J l  

PART 4A. CURRENT OATA NOT OKAY. 
0ACK UP THE TAPE 2 RECORDS BEFORE 

3 I F  I O T I  4.5.5 
4 BACKSPACE 3 

BACKSPACE 3 
5 REAU TAPE 3, I O A T A ~ l l r  1 = 1 , 2 1 1  

REAO I N  NEXT 
READING. 

DATA SET. I F  OT IS -. 

PART 40. I F  THIS DATA IS FOR A BODY I N  THE BNAHE L I S T .  STOKE I T .  
[ I F  NOT STOAED. WE MIGHT HAVE TO RETURN FOR I T . ]  I F  E L L I P S E  DATA IS 
P R O V I O E D  FOH THE BODY FOUND. BY-PASS THE TAPE DATA AN0 REAO I N  NEXT SET. 

I F  I IOATAi1l+EFMRSiJII*i-~OATA~1l*tFMRSiJIllI 7,697 
00 7 J = i,Mnoovs 

6 I F  ( N E F M R S i J I - 2 0 1  8.8.3 
7 CONTINUE 

GO TO 3 

I N T O  PLACE AND THEN GO BACK AN0 SEE I F  I T  IS OKAY. 

PART 5. CURRENT DATA IS OKAY. GET P O S I T I O N  FROM THE P O L O N O H l A l  
P = A + 8x t CXe.2 + OX1.3 + E X 1 1 4  + F X e - 5 .  

X P I K . J B L I  = T D A T A I I r K v J t l l  
10 00 11 K = 1 . 3  

00 11 KT=2.6 
X P i K , J B I I  = XP1KIJ0I I .  OT + T O A T A i K T ~ K I J B I  

I F  ( T R S F E R I  1 2 1 1 2 1 1 5  
I1 CONTINUE 

PART 6. COMPUTE D I S T A N C E  FROM REFERENCE AND FROM ROCKET . 
12 00 13 K=1.3 

13 R B I K . J B l I =  R B i K , 1 1  - X P i K I J B I )  
X P l K . J B I 1  = X P I K . 1 0 1  + X P l K , J B 1 l . S l G N F i A U ~ F l B l  

PART 7. COMPUTE PERTURBING ACCELERATIONS lax,. 4194304=2.*22 15 REMOVED 
TO PREVENT OVERFLOW. 2 0 4 8 = Z * r l l  AND 0 5 0 9 9 3 4 5 9 2 = 2 * * 3 3  RESTORE THE SCALE. 
PRSQRO = i R ~ i l r J B I l * * 2  + R B i Z I J B 1 1 * * 2  + R B 1 3 r J 0 1 1 . * 2 1 / 4 1 9 4 3 0 4 .  
RRELL = SQRTFiPRSQROl 
R S P R O  - I X P i l r J 0 1 1 * * 2  + X P 1 2 . J 0 1 1 * * 2  + X P 1 3 . J B I l * * 2 1 / 4 1 9 4 3 0 4 .  
RCUBE = RSQRO 9 S Q R T F I R  SQROl 
PRCUBE = PRSPRO * RRELL 
R i J 0 I l  = R R t L L I 2 0 4 8 .  
00 14 K = l r 3  

14 P X i K l = S P R O K  B M A S S I J 0 1 1  * i l X P ~ K r J B I l / R C U B E I  + R B I K p J O I I / P R C U B t I /  
1 8 5 8 9 9 3 4 5 9 2 .  + Q X i K l  

GO T O  19 

PART 8. COMPUTE V E L O C I T Y  FROM V = 8 + ZCX + 3 0 X * * 2  + 4EXe.3 + 5 F X * * 4  
AN0 FROM REFERENCE BOOV VELOCITY i V E F M l I B 1 1 .  

VEFMIK.JB11 = 0. 
00 16 K T = 1 1 5  

15 DO 16 K = l r 3  

16 vEFMIK,J011 = i V E F M l K , J 8 1 1 ~ O T ~ T O A T A i K T ~ K , J 0 l * F L O A T F i - K T * 6 l I  
1 7  00 18 K=1.3 
10 VEFMIKIJB1l  = V E F M i K , l B l  + V E F M i K ~ J B I l * S I G N F I A U / S P O ~ F l B l  

GO TO 12 
19 CONTINUE 

RETURN 
E N 0  



SUBROUTINE EXTRA 
C 
C THIS ROUTINE IS EXECUTED BETWEEN FLIGHTS AND MAY THEREFORE 8 E  EXPANDED T O  
C 00 AOOITIONAL COMPUTATION BETWEEN SUCCESSIVE FLIGHTS- 
C 

C 

t 

connoN c 
DIMENSION A16001. B17001* C140001 

EQUIVALENCE 
llA * C  I IIlI.lB .C IIllllIrlQMAX V B  I 4411,  
2lSIGNAL.E I 3111 

c 
SIGNAL - 0. 
QMAX = 0. 
RETURN 
EN0 

C 
C 
c 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 

C 

C 

C 

C 
C 
C 

C 
C 

SUBROUTINE EXTRAS 
THIS ROUTINE IS EXECUTED BETWEEN STAGES A N 0  MAY THEREFORE BE EXPANDED T O  
00 CALCULATIONS BETWEEN SUCCESSIVE STAGES OF A FLIGHT. 

RETURN 
END 

SUBROUTINE ELIPSE I J B 1 1  
THIS SUBROUTINE IS CALLED FROM EPHMRS TO COMPUTE T H E  POSITION OF A BODY 
USING APPROXIMATE ELLIPTIC DATA. THE VELOCITY IS ALSO COMPUTE0 IF THE 
ORIGIN IS BEING TRANSLATED lTRSFER=l.OI. THE ELLIPSE DATA IS REAU FROM 
INPUT CARDS A N D  ORGANIZED IN SUBROUTINE ORDER. TPO IS TIME SINCE PERIHELION 
PASSAGE, ZM IS MEAN ANOMALY, U IS ECCENTRIC ANOMALY. 

TOATA ARRAY - 1K1 SEUILATUS RECTUM lK+7l PERIOD 
I K+Il ECCtNTRlC I TY lK+81 SIN OMEGA 
IK+21 OMEGA IK+91 SIN NODE 
lKi31 NODE lK+lOI SIN INCLINATION 
lM+CI INCLINATION lK+lll COS OMEGA 
IK+51 JD OF PERIHELION IK+12l COS NODE 
IK+61 FRACTIONAL PART OF IK+51 IK+L31 COS INCLINATION 

COMMON C 

DIMENSION A16001, 81700). C140001, 
I XPl3.81. VEFM13181. TUATAI1211 

EQUIVALENCE 
llA ,C I I I l l t l B  t C  111111 
210TOFFJ.A I 23lIvlTABLT rE I 201 
3lTRSFER.B I 8ll.IVEFM * E  I 2 4 1 )  

I( - 1B*IJE1-21+1 
TPO = lUTOFFJ-TOATAlK+5ll+lTABLT-TOATAlK+d 
ZN = 6.28318533/TOATAIK+71 
ZM = Z N ~ M 0 U F l T P O l ~ O A T A I K + 7 1 1  

.lCONSU ,A I 31111 
,ITDATA .B  I 2 6 5 1 1 ~  
IIXP , e  I 2171) 

I 

GEI IHE SINElSlhlRLI A N 0  THE COSINE ICOSTRUI OF THE IRUE AhUMALV 
B Y  ITERAllhG KEPLERS EQLIATlOh. IHEN COMPaJTE X O Y I L  IXPI- 
L = Z M t T D A T A l K t L I ~ S I N F I L M l + ~ S ~ ~ O A l A l U + ~ l ~ ~ 2 ~ S l h F l 2 . ~ Z ~ l  
00 1 J=I.lO 
OELM = ZM-U+TUATAlKiIl*SINFlUl 
DELU = OELM/ll.-TOATAlK+1l*CDSFlUl I 
U = U+DELU 
IF IABSFIOELMI-CONSUI 2.211 

1 CONTINUE 
2 COSU = COSFIUI 

OENOM = 1.-TOATAlK+ll*COSU 
COSTRU = lCUSU-TOATAIK+IIl/OENDM 
R - TOATA1Kl/1I.tlOAIAIK+1l~COSTRUl 
SlhTRU = S Q K T F I L . - T O A ~ A l U t I I ~ ~ 2 l ~ S I h F l U l / O E N O M  
SlNV = SINTKU~IOATAIKIIII+CDSIRU~TOAIAIKt8I 
COSV = C O S ~ ~ ~ ~ T O A T A l M r l l l - S l h l R U ~ T O A T A l U + E l  
XPII.JEI1 = R ~ l C O S V ~ T D A T A l K ~ I 2 l - S I " ~ T D A T A l M + 9 l ~ l O A T A ~ U t ~ 3 l l  
XPl2,JBIl - R ~ I C O S V ~ I O A T A I M t 9 I t S I N V ~ T O A T A I K t I 2 I ~ I O A I A I K ~ L 3 I I  
XPI3,JBll - R.SINV*IOATA1Kt10l 
IF (IRSFERI 3 9 4 1 3  

COMPUTE THE VELOCITIES FOR THE TRSFER OF ORIGIN. 

FX - T O A T A l K r l l ~ l O A T A l K + I 1 ) + C O S V  
CFACT = 2 N ~ ~ O A T A l K I / I S Q R T F I l 1 . - ~ O A T A l K t l l * ~ 2 1 ~ ~ 3 l l  
AX = E X ~ T D A T A I K t I Z l r F X ~ T O A T A I K + 9 I ~ I U A T A I K t l 3 1  
BX - F X ~ T U A T A l K + 1 2 l ~ T O A l A l M + ~ 3 l - E X ~ T O A T A l U + 9 l  
VEFMILIJBll = -AX.CFACT 
VEFMIZIJBIl - EX-CFACT 
VEFM13,JEll - FX.CFACT*TOATAlM+LOI 

C RETURN 
END 

3 EX - TDATAlKtll.TOATAlK+8l+SlNV 
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REM S U B R O U T I N E  EXAOD 1A.B.CI 
REM T H I S  R U U T I N E  WILL ADO I N  DOUBLE P R E C I S I O N  A  Q U A N T I T Y  C  TO THE OOUBLE 
REM P R E C I S I O N  V A R I A B L E  A+B WHERE A  IS T H E  MOST S I G N I F I C A N T  P A R T  A N 0  B IS 
REM T H E  L E A S T  S I G N I F I C I A N T  PART. 
ENTRY EXAOO 
COMMON - 2 0 6  

Q 1  COMMON 1 
02 COMMON 1 
T E M P I  COMMON 1 
T E M P 2  COMMON 1 

EXADD 

HTR 
B C I  l r E X A D O  
SXD -4.1 
S X O  .-4,2 
SXD -4.4 
CLA. 114 
F A D *  3.4 
STQ Q1 
F A D -  2 ,4  

F A D  01 

STO T E M P I  

sTa 02 

sTa 01 

C L A  ai 
FAD a2 
STO TEMP2 
F A 0  TEMP2 
F A 0  T E M P I  

FSB TEMP2 
STO* l r 4  

sTa ai 

sra az 
CLA ai 
FAD a2 
STO. 2 1 4  
TRA 4.4 
E N 0  

C  
C  
C  
C  
C  
C  
C  
C  
C  
C  
C  
C  
C  
C  
C  
C  
C  
C  
C  
C  

C  

C  

C  

101 

l oa  
1 0 3  
104 

105 
106 

C 
C  
C  
C  

I 
2 
3 

4 
5  
6  

7  
8 

C  

S U B R O U T I N E  I C A D  
S U B R O U T I N E  I C A D  D E T E R M I N E S  THE ATMOSPHERIC TEMPERATURE, PRESSURE. A N 0  
D E N S I T Y  AS A  F U N C T I O N  OF A L T I T U D E  ABOVE T H E  EARTH I N  ACCORDANCE Y l T H  
THE 1 9 6 2  U.S. STANDARD ATMOSPHERE I l C A O  TO 20 KM.1. A  SHORT F A P  
PROGRAM F D L L o n S  I C A D  W H I C H  P R O V I D E S  A  MEANS OF L O A D I N G  DATA I N T O  MACHINE.  
IT MUST BE LOADED D I R E C T L Y  AFTER ICAO.  I F  THE L E N G T H  OF I C A O  I S  CHANGEDI 
THE DATA MUST B E  RELOCATED-  

R  16 D I S T A N C E  TO CENTER OF E A R T H  I N  METERS. 
A L T  IS V E H I C L E  A L T I T U D E  ABOVE E A R T H  IN METERS. 

T A B L E  H IS METERS OF A L T I T U D E  FROM THE EARTHS SURFACE AND 15 
THE ARGUMENT OF ATMOSPHERE PROPERTY TABLE. 

ALM IS THE MEAN SLOPE OF THE T A B L E  H  VS. T M  CURVE AT T A B L E  H. 
TMR IS TM AT T A B L E  H -  

R E F  P  I 6  T H E  PRESSURE I N  M I L L I B A R S  A T  T A B L E  H. 
T M  IS THE TEMPERATURE T I M E S  STO. MOLECULAR WEIGHT / ACTUAL 

MOLECULAR WEIGHT. DEGREES K E L V I N .  
PRESS IS PRESSURE I N  M I L L I B A R S .  

O N S I T Y  IS D E N S I T Y  I N  K I L O G R A M S  PER C U B I C  METER. 
H E I G H T  IS E I T H E R  G E O P O T E N T I A L  A L T I T U D E  OR GEOMETRIC A L T I T U D E  I N  METERS. 

COMMON C  

D I M E N S I O N  A 1 6 0 0 1 .  8 1 7 0 0 1 ,  C 1 4 0 0 0 l r  
1 T A B L E H ( 2 3 1 1  T M R ( 2 3 1 .  R E F P 1 2 3 1 .  A L M l 2 3 1  9 R B I 3 1  

F D l l l Y A l  F N r F  -- - . . -. - - . . - - 
I I A  r C  I 1 1 1 1 , I A L T  ,A I 4 1 1 , I B  ,C 111111). 
2 1 D N S I T Y . B  I 2 9 1 1 ,  1OBLATN.A ( 4011. 
3 l P R E S S  V B  I 3 3 1 1 , I R  I 1021111RB , B  I 1 9 3 1 1 .  
4 l R E  r A  ( 2 5 1 1 p l T A B L T  . B  I 2OlI.lTM . B  L 3 4 1 1 ,  
5 lRESQRO.B I 711 

E Q U I V A L E N C E  I T A B L E H l 2 4 l ~ T M R l . l T A B L E H l 4 7 l ~ A L M l ~ l T A B L E H ~ 7 0 l ~ R E F P l  

I F  I D B L A T N I  1 0 2 . 1 0 1 ~ 1 0 2  
A L T  = R - RE 
GO T O  1 0 3  
A L T  = R-6356783.2B/SQRTF( .9933065783+.DD66934216B51RBl31/R1~~21 
I F  I A L T - 4 0 0 0 0 . 1  1 0 5 r 1 0 4 ~ 1 0 4  
H E I G H T  = A L T  
GO TO 1 0 t  
H E I G H T  = A L T / I 1 . 0 + A L T / 6 3 5 6 7 6 6 . 1  
K=K 

F I N O  T H E  H E I G H T  I N  A  T A B L E  OF BASE DATA. DATA ARE 
ARRANGED I N  D E C E N D I N G  A L T  W I T H  21 REGIONS.  ABOVE THAT. PRESSURE A N 0  
D E N S I T Y  ARE SET = 0 .  TEMPERATURE I S  S E T  TO 3 0 0 0 .  
I F  I K - 2 2 1  2.616 
I F  I H E I G H T - T A B L E H I K + 1 1 1  5 . 3 1 3  
K = K i l  
GO TO I 
K  = K - 1  
I F  I K I  7.7.6 
H l N C  = H E I G H T  - T A B L E H I K )  
I F  IH I N C I  4 . 8 1 8  
K = l  
I F  I A L M I K I I  9 1 1 0 0 1 9  
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C CONTROL C O M t S  H E R t  FOR N O N I 5 O T H E R M A L  L A Y E R S  
9 TM = T M R I K I  + ALMIK1.H I N C  

I F  I A L T - 9 0 0 0 0 . 1  1 0 7 . 1 0 7 , l O B  
1 0 7  PRESS = R E F P l K I ~ I T M R l K 1 / T M l ~ ~ l . O 3 4 ~ 6 3 ~ 9 4 l / A L M l K l l  

GU T n  i n  ._ . -  _. 
108 IF I K - K C I  109.110.109 
109 K C  I K 

C 1  = R E i T A B L E H I K l  
C 2  = T M R l K l / A L M l K l  
c3 - I./IC1-C21 
C 4  = -.0341631947.RES~RO*C3/ALMlKl 

110 P R E S S  = REFPlKl~EXPFlC4~lC3~LDGFlC~=lHlNC/C2+~.l/ 
I H I N C / C I / I R E + H E I G H T l l l  

10 O N S I T Y  = P R t S S / T M / 2 . 0 7 0 5 3 0 7 2  
GO TO 13 

C 
C CONTROL CUMES HERE FOR I S O T H E R M A L  L A Y E R S  

100 I F  I K - 2 2 1  11.12.12 
I1  TM = T M R I K I  

P R E S S  - REFPlKI*EXPFI-.034163l94l*HlNC/~MRlKll 
GO T O  10 

C 
C CONTROL COMkS HERE FOR t X T R E M E  A L T I T U D E S  

12 P R E S S  = 0.0 
O N S I T Y  = 0.0 
TM = 3000. 

13  R E T U R N  

A I  

A 2  

A 3  

A 4  

c 
C 
C 
C 
C 
C 
C 
c 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

E N 0  

REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
ORG 
OEC 
DEC 
DEC 
DEC 
DEC 
OEC 
OEC 
OEC 
OEC 
DEC 
DEC 
DEC 
E N D  

l R E + H E I G H T l I -  

T H I S  IS THE F A P  PROGRAM W H I C H  L O A D S  I C A O  D A T A  I N T O  MACHINE. 
T H E  2 5 6  I N  ORG 2 5 6  HAS FOUND B Y  S U B T R A C T I N 6  22 FROM THE DEC LOCA 
O F  R E F  P IFROM F A P  L I S T I N G  O F  ICAO. T H I S  YAS FOUND T O  BE 2 7 8 1 .  
THUS, L 7 8 - 2 2 = 2 5 b .  D I S C A R D  T H E  F I R S T  TWO B I N A R Y  CARDS A F T E R  ASSEM 
AND P L A C t  R E M A I N I N G  CARDS I M M E D I A T E L Y  B E H I N D  I C A O  B I N A R Y  DECK. 

A 1  15 R E F  P I 2 3 1  
A 2  IS A L M l 2 3 1  
A 3  1) T M R 1 2 3 1  
A 4  15 T A B L E  H I 2 3 1  

2 5 6  
0 . . 1 . 1 Y 1 8 E - 9 ~ 3 . 4 5 0 2 t - 9 . L . 0 9 5 7 E - 8 , 4 . 0 3 0 4 E - B ~ ~ ~ 0 B 3 B E - 7  
6 . 9 b 0 4 t - 7 r 1 . 6 B 5 2 E - 6 , 2 . 7 9 2 6 E - 6 ~ 3 ~ b 9 4 3 E - 6 . 5 . 0 b 1 7 E - b ~ 2 ~ 5 2 1 1 E - 5  
7 . 3 5 4 4 t - 5 . 3 . 0 0 7 5 E - 4 . 1 . 6 4 3 8 E - 3 . . 0 L 0 3 7 7 . . 1 0 2 0 9 9 ~ ~ 5 9 0 0 0 5  
1 . 1 0 9 0 5 1 0 . 6 8 0 1 4 r 5 4 . 7 4 B 7 ~ 2 2 6 ~ 3 2 0 ~ 1 0 1 3 ~ 2 5  
O . r 0 . ~ . 0 0 1 1 ~ . 0 0 L 7 ~ . 0 O 2 6 , . O O 3 3 1 . 0 0 4 1 . 0 0 5 1 . O O 7 ~ - O ~ ~ ~ O ~ 5 ~ ~ O Z ~ ~ O l  
. 0 0 5 1 . 0 0 3 ~ 0 . ~ - . 0 0 4 1 - . 0 0 2 , 0 . r . 0 0 2 8 1 . 0 0 1 r 0 . ~ - ~ O 0 6 5  
0 . . 2 7 0 0 . 6 5 r 2 5 9 0 . 6 5 , 2 ~ 2 O . 6 5 1 1 8 3 0 . 6 5 ~ ~ 5 5 O ~ b 5 ~ ~ 3 5 O ~ 6 5  
1 2 1 0 . b 5 r 1 1 1 0 . b 5 r 9 6 0 . b 5 , 3 6 0 . 6 5 ~ 2 6 0 . b 5 ~ 2 1 0 . b S ~ 1 B 0 ~ b 5 ~ 1 B 0 ~ 6 5  
2 5 2 . 6 5 1 2 7 0 . b 5 r 2 7 0 . 6 5 1 2 2 8 . 6 5 1 2 1 6 . 6 5 1 2 1 6 . 6 5 ~ 2 B B ~ 1 5  
1 E 3 0 ~ 7 t 5 ~ b E 5 . 5 t 5 1 4 E 5 r 3 E 5 1 2 . 3 E 5 r l . 9 E S 1 1 . 7 E 5 ~ 1 . 6 E 5 ~ 1 - 5 E 5 ~ 1 . 2 E 5  
l.lE5.lE5~.9E5,79000.r61000.r52000.r47000.~32000~~20000~ 

T l O N  

0 L Y  

11000.,0. 
I 

S U B R O U T I N E  NBODY 

NBODY COMPUTES THE T R A J t C T O R Y  I N  E I T H E R  O R B I T  E L E M E N T S  OR RECTANGULAR 
C O O R D I N A T E S  U S I N G  THE RUNGE-KUTTA TECHNIQUE. A LOWER ORDER I N T E L R A T I O N  
T E C H N I Q U E  IS A L S O  PERFORMED TO F A C I L I T A T E  A U T O M A T I C  S T E P  S I Z E  CUNTROL. 
THE X . X P R I M I X O O T ~ X I N C I E T C .  ARRAYS ARE AS FOLLOWS- 

X O R B I T  E L E M E N T S  RECTANGULAR C O O R O I N A T E S  

1 
2 
3 
4 
5 
6 
7 
B 

I M O L l t  
1 
2 
3 
4 

-1 
-2 
-3  
-4 

T I M E  T I N E  
MASS MASS 
E C C E N T R I C I T Y  X-VELOC I T Y  
ARGUMENT OF P E R I C E N T E R  Y - V E L O C I T Y  
ARGUMENT OF ASC. NODE . ? - V E L O C I T Y  
I N C L I N A T I O N  X 
MEAN ANOMALY Y 
S E M I L A T U S  RECTUM Z 

V A R I A B L E S  
ORBIT E L E M E N T S  
RECTANGULAR 
RECTANGULAR TEMPORARY 
E A R T H  SPHERICAL--CHANGE TO RECTANGULAR 
O R B I T  ELEMENTS--CHANGE TO RECTANGULAR 
RECTANGULAR--CHANGE TO ORBIT E L E M t N T S  
ORBIT ELEMENTS--CHANGE T O  TEMPORARY R E C T A N G U L A R  
E A R T H  S P H E R I C A L  -- CHANGE TO ORBIT E L E M E N T S  

COMMON C 

D I M E N S I O N  A l b 0 0 l r  B 1 7 0 0 1 r  Cl40001. 
1 X P R I M  1 1 0 0 1 2 1 .  X P R I M B  l100.21~ XOOTPM 1 1 0 0 . 2 ) 1  

3 XDOT 11001, RB ( 3 1 1  XK 11001. 

5 XWHOLE 161, VX 131. B E X  1141 

2 x IIOOI. X l N C  1 1 0 0 1 ~  O L O I N C  1 1 0 0 1 ~  

4 AMC 1 3 1 ,  AK 131. AW 141. 
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W U I V A L E N C E  
IIA , C  I Illl.IAl 10 
ZIACOEF1.B I 121)11ACOEF2rB 
31AK ,A I 5 l l I ~ l A M C  .B 
41611 . B  1 9011.IASYMPT.A 

EQUIVALENCE 
llNEQ .A 
21QMAX r B  
3lREVS .A 
41STEPGO.A 
51TRU ,0 
61VX .B 
7lXPRIM .C 
O1x ,0 
91a .B 

INSTART, B 
IRATIO ,B  
I P  . R  
i STEPNO;; 
ITTEST . A  
IXOOT .0 
I XPRlMBlC 
IERLOG 10 
I OUTPOT v B 

1111, 
141) .  
9111. 
551 I ,  

I l l ,  
2BII. 
271)t 

111, 
421 I 

911. 
19311, 
16lIr 

811. 
96) I I 

60111. 
1101), 
1311, 

C 
C PART 1. SET UP THE STARTING SEQUENCE FOR ERROR CONTROL AN0 DELAY CHECKING 
C THE ERROR UNTIL TWO STEPS ARE COMPLETED. THE ASSIGNED GO TOS NSTART AN0 
C IBEGIN CONTROL STARTING. 

NEQ = NEQ 
I 00 2 J=I,NEu 

XPRIMIJ,21 = XPRlMIJ.11 
XPRIHBIJ,ZI = XPRlMBIJt1) 

2 XIJI = XPRlMlJ.11 
NSTART = 0 
TRSFER = 0. 
H2 = OELT 
OELT = OELT/2. 

IF IOUTPOTI 222.2211222 
2 2 0  CALL EQUATE 

221 CALL OUTPUT 
222 00 3 J-1.3 

XWHOLEIJI=VXIJI 
3 XYHOLEIJ+3) = RBIJ) 

IF IlMOOEl 4.5.5 

GO TO 1 

IF ITRSFERI 1.205.1 
205 ASSIGN 2 1  TU NSTART 

C CHANGE INTtGRATION VARIABLES IF IMOOE 1s -. 
4 CALL TESTTR 

5 CALL TESTTR 

C STATEMENTS 7 TO 9 INITIALIZE NREVl AN0 NREV2 FOR USE IN PART 7A. 
IF IRBl2I) 796.8 

6 IFlVXl211 718.8 
7 ASSIGN 37 TU NREVl 

ASSIGN 35 TO NREVZ 
G O  T O  9 

ASSIGN 3 7  TO NREVZ 
9 00 10 J=I.NEQ 

XOOTPMIJ.11 = XOOTIJI 
XlNClJl = 0. 

8 ASSIGN 3 3  TU NREVI 

10 CONTINUE 
11 KSUB = 1 

ASSIGN 1 6  TU N 
C 
C PART 2 .  RUNGE-KUTTA SUBINTERVAL SCHEME. EQUATE PROOUCES THE NECCESSARY 
C DERIVATIVES XOOTIJI. 

12 00 1 3  J=l,NtQ 
XKIJI = XOOTIJI D€LT 
XINCIJI = XINCIJI + AWlKSUBI*XKlJI 

13 XIJI = XPRIMIJ,ZI + AKIKSUBl*XKlJI 
14 CALL EQUATE 
1 5  GO T O  N 1 1 1 6 1 1 7 r 1 8 ~ 2 0 1  

c 
C PART 3. SUBINTERVALS 2, 31 AN0 4, TO STATEMENT 1 9  FINISH A 
C RUNGE-KUTTA STEP AN0 INCREMENT XPRIMlJ.21 IN DOUBLE PRECISION. 

1 6  KSUB = 2 
ASSIGN 1 7  TU N 
G O  T O  12 

17 KSUB = 3 
ASSIGN 18 TU N 
G O  TO 12 

XlNClJl = XINCIJI + AYI4) *XOOTIJI OELT 

XIJI = XPRIMlJ,Zl 

18 00 19  J=l.NEQ 

100 CALL EXAODIXPRIMIJ.21~ X P R I R ~ I J . ~ I P  XINCIJI) 

1 9  CONTINUE 
C 
C PART 4 .  BEGIN A NEW RUNGA-KUTTA STEP. THIS ALSO GIVES DERIVATIVES 
C FOR THE LOWtR OROER INTEGRATION CHECK- 

ASSIGN 2 0  T O  N 
GO T O  14 

20 GO T O  NSTART.IZ7.23r211 
C 
C 
C 

21 

22 

C 

PART 5. STARTING PHASE PROGRAM. 
PART 56. THIS SECTION COMPLETES 
ASSIGN 23 TU NSTART 
DO 2 2  J=l.NEQ 
OLOINCIJI=XINCIJl 
XlNCIJl=O. 
XOOTPMlJ,ZI = XOOTlJI 
CONTINUE 
G O  TO 11 

THE FIRST STEP O F  STARTING PHASE. 

56 

. .. . .  



C PART 50. MAX ERROR TEST--STARTING ONLY--CHECK T H E  MAX ERROR A N 0  
C E I T H E R  € N T E R  R U N N I N G  M O O t  OR R E P E A T  START W I T H  SMALLER STEP. 

23 DO 24 J=Z,NEQ 
24 X I N C I J I  = l X I N C l J l + O L O I N C I J l I ~ 3 . - l X O O T P M l J ~ l l + X O O T P M l J ~ 2 ~ ~ 4 ~  

A 1  = A 2  
GO TO 31 

C 
C P A R T  6. R U N N I N G  PHASE PROGRAM. 
C P A R T  61. C H t C K  THE I N T E G R A T I O N  BY I N T E G R A T I N G  OVER THE L A S T  
C RUNGE K U T T A  S T E P  BUT U S E  DOTS FOR L A S T  TWO I N T E R V A L S .  OLODEL 
C A N 0  O E L T  R E Z P E C T I V E L Y .  5TATEMENT 28 IS THE LOWER I N T E G R A T I O N  
C M I N U S  RUNGE-KUTTA INCREMENTS. ERRORZ COMPUTES THE MAXIMUM R E L A T I V E  
C ERROR AND STATEMENT 29 T E S T S  T H I S  ERROR A G A I N S T  THE L I M I T  V A L U E -  

27 R A T I O  = O E L T / O L O D E L  
H F A C T = D E L T / I I . + R A T I O l  
ACOEF~--RATIO.RATIOIHFACT 
A C O E F 2 ~ R A T I O ~ l O E L T + 3 . r O L O D E L I  
ACOEF3-OELT+OELT+HFACT 
DO 20 J=Z,NEP 

1 + A C O E F 3 * X O O T l J l  
28 X I N C I J I  - A C O E F 1 ~ X O O T P ~ l J . I l + A C O E F 2 ~ X O O T P M l J ~ 2 l - 6 . ~ X l N C l J l  

280 C A L L  ERRORZ 
29 I F  I E 2 - E R L I M T )  3 0 , 3 0 . 5 7  

C 
C P A R T  7A. L A S T  P O I N T  OKAY. COUNT THE R E V O L U T I O N S  P A S T  TH€ X-AXIS.  
C A S T E P  GREATER THAN 112 REV. MAY F A I L  TO A 0 0  IN. 

C 

30 
3 1  

32 
33 

3 4  
35 

3 6  
37 

C 
C 

38 
3 9  

40 
400 

401 
41 

C 
C 
C 

42 

4 3  

HZ = O E L T  
QMAX = M A X I F l Q . Q M A X 1  
I F ( R B I 2 I )  3 L . 3 4 . 3 4  
GO TO N R E V l m  1 3 7 1 3 3 )  
A S S I G N  3 7  TO N R E V l  
A S S I G N  3 5  T U  N R E V 2  
GO TO 37 
GO TO NREV2,  1 3 7 . 3 5 1  
A S S I G N  3 3  TO N R € V I  
A S S I G N  3 7  TO NREVZ 
R E V S  = R E V S  + 1. 
I F  l X A B S F l I ~ O O E l - I l  42.3 18.42 

PART 70. I N  ORBIT ELEMENTS. ADJUST ARGUMENT OF P E R I C E N T E R  A N 0  MEAN ANUMALY 
10 + OR - P I  TO M A I N T A I N  ACCURACY I N  S I N - C O S  ROUTINES. 
I F  I E M O N E I  j9r42142 
DO 4 1  J = 4 . 7 . 3  
A O J 2 = I N T F I X Y R l M l J ~ 2 L / 6 . 2 B 3 ~ B 5 3 2 + S l G N F l ~ 5 ~ X P R l M l J ~ 2 ~ ~ I  
I F  l A O J 2 l  4 0 1 4 1 r 4 0  
AOJ3 = - A O J Z * 6 . 2 8 1 2 5  
C A L L  E X A O D l X P R l M l J ~ 2 I ~ X P R I M 0 l J ~ 2 ~ ~ A O J 3 ~  
A D J 3 = - A O J 2 * . 0 0 1 9 3 5 3 0 7 2  
C A L L  E X A O O l X P R l M l J ~ 2 l ~ X P R l M 0 l J ~ 2 l ~ A O J 3 1  
CON1 I N U E  

PART 7C. ADVANCE THE R E M A I N I N G  PARAMETERS. F I N O  NEW S T E P  S I Z E .  
AND T E S T  FOR A N  O R I G I N  TRANSLATION. 
00 43 K = l r 3  
X W H O L E I K I = Y X I K I  
X Y H O L E I K + 3 1  = R B ( K 1  
DO 4 4  J = l , N t Q  
XOOTPMlJ.11 = X O O T P M l J . 2 l  
X O O T P M I J , 2 1  = XOOTIJL 
X P R I M I J . 1 1  = X P R l M l J ~ 2 1  
X P R I M B l J , l L  = X P R I M 0 l J . 2 1  
X I N C l . 1 1  = 0. . . . . . - . . . . . 

4 4  C O N T I N U E  

4 5  C A L L  S T E P  
OLDDEL - D E L T  

I F  I O O N E I  6 7 . 4 5 0 1 6 7  
4 5 0  I F  I N S T A R T I  4 5 1 r l r 4 5 1  
4 5 1  IF lM0OOYSl 4 6 . 4 7 1 4 6  

46 C A L L  T E S T T R  

4 7  I F  I X A B S F I I M O O E I - 3 1  l l r 4 0 ~ 1 1  
I F  I T R S F E R I  l r 4 7 r l  

C 
C 
C 
C 
C 
C 
C 
C 
C 

48 

49 
50 
51  
52 
53 
54 

5 5  

5 5 5  

C 

PART 70. I F  I N  TEMPORARY RECTANGULAR COORDINATES. TEST FOR RETURN 
TO ORBIT ELtMENTS. F I R S T ,  E IS FOUND. I F  T I M E  H A S  NOT ADVANCE0 
S U F F I C I E N T L Y ,  I N T E G R A T I O N  C O N T I N U E S  I N  RECTANGULAR V A R I A B L E S  I S T A T E .  4 8 1 .  
STATEMENT 49 D E T E R M I N E S  I F  K E P L E R S  E Q U A T I O N  CAUSED IMOOE = 3. I F  NOT. 
A N  E CLOSE TO 1 CHECK IS MADE I N  STATEMENT 50- I F  IT 0 1 D t  R t C T A N G U L A R  
V A R I A B L E S  Y I L L  BE USED I F  THE L I M I T  IS TOO S M A L L  ( S T A T E M E N T  5 2 1 .  OR 
I F  E I S  5 OR GREATER I S T A T E M E N T  5 3 1  OR I F  THE P A T H  LIES CLOSE TO A N  
ASYMPTOTE I b T A T E M E N T  5 5 1 .  
C A L L  C O N V T l  I V X I A M C I  
EXMOOE=SQRTFl1.+AMSQRO/GK2M*lVSQRD/GK2M-2~/R~l 
EMONE=EXMOOE-l. 
I F  I I X P R l M l l I - T T E S T I . O E L T 1  11.11.49 
I F  I A S Y M P T )  5 1 9 5 0 1 5 1  
I F  I E T O L - A B S F I E M O N E ) )  55.11,11 
I F I E M O N E I  55 -55 -52  
1 F l C O N S T l b l . E - 7 1  1 1 . 5 3 . 5 3  
I F  IEXMOOE-5.1 5 4 ~ l l r l l  
C A L L  C O N Y 1 2  
I F  lABSFITRUl-2.2/SPRTFlEXMOOE~l 5 5 1 5 5 . 1 1  
ASYMPT = 0.0 
IMOOE*-2 
C A L L  TESTTR 
GO TO 1 
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C 
C 
C 

C 
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

P A R T  8. C O M t S  HERE WHEN ERROR T E S T  F A I L E D - - B O T H  S T A R T I N G  A N 0  RUN. 
R E T R I E V E  D L U  P O I N T  AND RtCOMPUTE W I T H  S M A L L t R  I N T E R V A L .  
I F  TWO C O N S t C U T I V E  T R Y S  F A I L  I S T A T E M E N T  591 T H E  S T A R T I N Q  SEQUENCE OCCURS. 

5 6  A S S I G N  I TO I B E G I N  
57 DO 5 8  J = l . N E Q  

X P R I M I J 1 2 1  = X P R I M I J , l l  
X P R I M B l J 1 2 1  = X P R I M B I J p I l  
X D O T I J l = X O O T P M l J . 2 )  
X I N C l J l =  0. 

S T E P N O = S T E P N O t l .  
H 2  = D E L 1  
DELT=SIGNFltXPFIltRLOG-A2l/5.l.DELT~ 

5 8  C O N T I N U E  

A 7  = d l  .._ 
59 I F  I F A I L - S T E P G O I  60e61.60 
60 F A I L  = STEPGO 

6 1  A S S I G N  1 TO I B E G I N  

62 GO TO I B E G I N .  111.1) 

GO TO I B E G I N .  111t1) 

I F  I S T E P N O  + STEPGO - STEPMX) 62162.45 

P A R T  10. P R I N T  OUT T H E  ERROR INFO. IF E R E F  H A S  A - SIGN. THEN RETURN. 
6 7  I F  I E R E F I  6 8 1 7 2 . 1 2  
60 W R I T E  OUTPUT T A P E  6.70 

REWINO 4 
00 69 l = l l l N D t R R  
READ T A P E  4 1  B E X  

69 Y R I T E  OUTPUT T A P E  6,71.BEX 
R E W I N D  4 
INCIERR = 0 

70 F O R M A T l 7 H I  S T E P 1 6 X . 4 H T I M E . 6 X , 4 H D E L T . 7 X I Z H b Z . B X I Z H E 2 ~ 7 X ~ 4 H M A S S ~ 6 X ~  
I 4 H E , V X , 4 X , B H O M E G A r V V , 2 X , B H N U D E S , V Z ~ 3 X ~ 6 H I N C L , X , 5 X , 4 H M A , Y ~ 6 X ~ 3 H P ~ Z ~  
2 4 X , l H K / / I  

71  F O R M A T I F ~ . I I H + F ~ . ~ ~ P ~ ~ G ~ O . ~ ~ ~ ~ )  
72 RETURN 

E N 0  

THIS R O U T I N E  T A K E S  T H E  BODY L I S T  REAO FROM CAROS AND SORTS THEM I N  
OROER SO THAT THE O I S T A N C E  FROM T H E  REFERENCE T O  EACH BODY IS 

S U B R O U T I N E  ORDER 

DEPENDENT UPON ALREADY COMPUTED D I S T A N C E S  ONLY. 

E L L I P S E  D A T A  ARE READ I N T O  A BLOCK O F  120 STORES RESERVEU FOR 
TEN E L L I P S E > .  O N t  E L L I P S E  IS R t A O  I N T O  A 1 2  STORE BLOCK. 
THE S I N E S  A N 0  C O S I N E S  OF THE 3 ANGLES ARE COMPUTED AND STORED 
I N  THE TOATA ARRAY ALONG W I T H  THE REST OF THE E L L I P S E  DATA. 
A BLOCK IS ARRANGE0 AS FOLLOWS‘ 

I 1 1  = NAME OF BODY I N  BCD,ONLY 6 CHARACTERS. 
I 2 1  = NAME U F  REFERENCE 6 0 D Y  I N  BCD,SAME R E S T R I C T I O N .  
131 = MASS OF THE BODY I N  SUN MASS U N I T S .  
1 4 )  = R A O U I b  I N S I D E  OF WHICH COORDINATES M I L L  B E  TRANSLATED TO THIS BODY. 
151 = S E M I L A T U S  RECTUM I N  ASTRONOMICAL U N I T S .  
I 6 1  = E C C E N T R I C I T Y  OF T H t  ORBIT.  
181 = L O N G I T U D E  OF A S C E N D I N G  NODE. 
171 = ARGUMtNT OF P E R I H E L I O N .  
191 = I N C L I N A T I O N  OF THE ORBIT. 
llO)= P E R I G t E  PASSAGE J U L l A N  DAY. 
I l l ) =  P E R l G t E  PASSAGE F R A C T I O N  OF DAY. 
1 1 2 1 =  P E R I O D  OF THE E L L I P S E  I N  MEAN SOLAR DAYS. 

AMASS 
8MASS 
BNAME 
BODYCO 
BODY L 

I BOOY 

KZERO 

MANE = 

NBODYS = 
MBOOYS = 
NAME = 
NEFMRS = 

NREFER = 

NNREFR = 

PNAME = 

REFER = 

COMMON C 

D I M E N S I O N  
1 AMASS 
2 BOOYL 
3 MANE 
3 NEFMRT 
4 NREFER 
5 R C R l T  
6 T D E L  
7 NDUD 

MASS OF EACH BODY. SUN MASSES. ORDER OF PNAME. 
S E L E C T E D  FROM AMASS. CORRESPONDS TO BNAHE L I S T .  
THE ORDERED L I S T  OF BCO BODY NAMES. CAN B E  USED I N  0UTPUT.COMMON. 
T H t  O R I G I N A L  BCO NAMES R E A D  FROM CAROS. 
T H t  L I S T  OF BCO BODY NAMES WITH THE REFERENCE BODY AT TUP. 
I N I T I A L L Y  EQUAL TO BODY CARD L I S T  IBOOYCO).  
ARRAY OF SUBSCRIPTS.  WHEN A D I S T A N C E  15 FOUND FROM E P H t M E R l S ,  I T  
MAY BE A D O t O  ( O R  SUBTRACTED) FROM THE BODY P O S I T I U N  G I V E N  B Y  
X P I I B O O Y )  TO O B T A I N  THE P O S I T I O N  OF T H t  PRESENT BOUY. COMMON. 
COUNT OF ZERO REFERENCES. THERE MUST BE ONE AND ONLY ONE ZERO. 
FROM L O C A T I O N  I N  BNAME L I S T .  NOT I N  COMMON. 
ARRAY OF SUBSCRIPTS.  I N V E R S E  OF NAME. G I V E S  NEW L O C A T I O N  OF 
BNAME L I S T  I N  T t R M S  OF BOOYL. NOT I N  COMMON. 
COUNTED I N T E R N A L Y .  TOTAL NUMBER OF BODYS. 
COMPUTED INTERNALV. TOTAL NUMBER OF E P H E M E R I D E S  INBOOVS-11.  
ARRAY OF SUBSCRIPTS.  G I V E S  OLO L O C A T I O N  OF NAMES I N  B O W L  
ARRAY O F  SUBSCRIPTS.  G I V E S  L O C A T I O N  O F  BODY I N  PNAME L I S T  
I N  T t R M S  OF THE EFMRS L I S T .  STORED I N  COMMON. 
ARRAY OF SUBSCRIPTS.  L O C A T E S  T H E  REFERENCE BODY I N  BDDYL. 
ORUER OF THE ARRAY CORRESPONDS TO BOOYL. NOT I N  COMMON. 
ARRAY OF SUBSCRIPTS.  L I K E  NREFER BUT REFERS AND CORRESPUNOS TO 
BNAME L I S T .  NOT I N  COMMON. 
A PERMANENT L I S T  OF BCO BODY NAMES. I WORD EACH 1 6  CHAKACTERS 
M A X I .  USED T O  I D E N T I F Y  MASS. REFERENCE NAMES, ETC. THt L I S T  15 
A MAXIMUM O F  30 NAMES. P R E C I S I O N  T A P E  NAMES ARE FROM i T O  201 
E L L I P T I C  NAMES ARE FROM 2 1  TO 30. 
A PERMANENT L I S T  OF BCD BOOYS T H A T  ARE THE R E F t R E N C E S  OF 
O I S T A N C E S  G I V E N  I N  EPHERMERIDES I T A P E S  OR E L L I P S E ) .  CORRESPONDS 
TO PNAME L I S T .  

B 1 7 0 0 I r  Cl4000). 
BMASS 1 B I 1  
EFMRS 1 7 ) .  

NAME IB), 
NNREFR 181 ,  

PNAME I30)t 
REFER 13011 

T I M  1 7 1 .  
X P R l M  1 2 0 0 1  
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,. , , -.- ..... 

C 
C 
C 
c 
C 
C 
a 

C 
C 
C 

C 
C 
C 

C 

C 
C 

C 
C 

E Q U I V A L E N C E  
1 l A  .C 
2 ( A U  .A 
3 l B N A M E  .B 
4 1 E F M R S  .0 
5 l G K 2 M  .B 

71PNAME .A 

9 1 R E  ,A 

l l R O T A T E , A  
2 I S Q R D K  .B 
3 C T F I L E  r A  
4 I X P R I M  rC 

b i n a o o Y s , a  

B I R B C R I T . ~  

E Q U I V A L E N C E  

E P U l Y A L E N C E  

I 2 1 1 1 ,  
( 131111 
I 15311. 
I 2 2 1 1 .  
I 1 7 7 1 1 1  
I 105111 
I 2 2 1 1 .  
I 3 1 7 1 1 1  
I 2 1 1 1  

I 4 7 1 1 .  
I 1 7 0 1 1 ,  
I ail, 

I 

2 

3 
4 
5 

b 

7 
0 

9 

10 
1.1 
12 
13 

1 4  
15 

16 
17 

19 
2 0  
2 1  
22 
23 

la 

2 4  

2 5  

THIS S E C T I O N  SEES WHAT E L L I P S E  D A T A  WAS R E A D  FROM CARDS A N 0  P U T S  THE 
NAMES I N  P L A C E  SO THAT D A T A  Y l L L  B E  USED I F  NEEDED. E L L I P S E  D A T A  H A S  
P R I O R I T Y  O V t R  TAPE DATA BECAUSE L A S T  D A T A  I N  LIST IS T H A T  A C T U A L L Y  USED. 
F U N C T I O N  C O M P A R F I A ~ B I  IS  E Q U I V A L E N T  TO ( A - 8 1  BUT WILL NOT UVERFLOU- 

C O M P A R F l A . 0 1  = I A + B l * I - l A * 0 l l  
DO 2 K = l . l Z O , I 2  
I F I E L I P S I K I I  1.2.1 
KOUNT = l K - I I / 1 2 + 2 1  
P N A M E I K O U N T I  - E L I P S I K I  
R E F E R I K O U N T I  = E L I P S I K + I I  
A M A S S i K O U N T I  = E L I P S I K + L )  
R C R I T i K O U N T l  = E L I P S I K + 3 1  
C O N T I N U E  

PART 0. THRUY AWAY B L A N K S  AND D U P L I C A T E S  I N  BNAME L I S T .  

I F  I T R S F E R I  4,3,4 
B N A M E I I I  = d O D Y C O l 1 ~  
DO 5 K = 1 . 8  
B N A M E I K + 1 1 =  B O D V C O i K l  

A L S O  COUNT THE BODIES.  

L = l  
BOOYLIOI = 0. 
00 0 1 = l r 9  
B O O Y L i I I  = 0. 
DO 6 K = l r L  
I F  ICOMPARF i B N A M E l I l r  B O D Y L I K - 1 1 1 1  
C O N T l N b E  
B O D Y L l L l  = d N A M E i I 1  

b.7.b 

L = L + l  
B N A M E I I I  = 0. 
CON1 I N U E  
NBODVS = L-1 
MBODYS NBUOYS-I  

P A R T  1. FINU THE REFERENCE aooy FOR EACH aooY IN THE LIST OF auoys 
R E A 0  FROM CARDS. CLEAR NREFER AND BNAME- 

DO 1 3  K L = l , N B O D V S  
N R E F E R I K L I  = 0 
N E F M R T I K L I  = O  
BNAME I K L I  = 0. 
DO 12 K P =  1.30 
I F  ICOMPARFiBODYLlKLI~PNAMElKPlll 1219112 
N E F M R T I K L I  = K P  
DO I1 K H  = 1.0 
I F  lCOMPARFIREFERiKPlrBOOVLIKRllI 11.10.11 
N R E F E R I K L I  = KR 
C O N T I N U E  
CON1 I N U E  
CON1 I N U E  
P A R T  2 . COUNTS 0 REFERENCES AND SAVES 1 
I F  INBOOYSI 2 4 . 2 4 1 1 5  

IEMPURARY S € T  OF I N U E X S -  

KZEROS = 0 
M I S P E L  = 0 
DO 20 K = 1,NBODYS 
N N R E F R I K I  = N R E F E R I K I  

M I S P E L  = M I b P E L  + 1 
I F I N R E F E R I K I I  20119.20 
KZEROS = KZEROS + 1 
C O N T I N U E  
I F  I K Z E R O S -  11 2 4 . 2 2 1 2 4  
I F  ( M I S P E L I  2 4 , 2 3 . 2 4  
I F  (NBODYS-81 2 8 . 2 8 . 2 4  

IF (NEFMRTIKII i a . 1 7 . 1 ~  

PART 3 . REPORTS ~ R R O R S  IN B o w  L I S T .  
k R l T E  OUTPUT T A P E  b r 2 5  ~ N B O D Y S ~ M l S P E L ~ K Z E R O S ~ l B O O V L l K ~ ~ K ~ ~ ~ N ~ U ~ Y S ~  
W R I T E  OUTPUT T A P E  6.26 r I N R E F E R I K l . K = l r N B O D Y S I  
Y R I T E  OUTPUT T A P E  6 - 2 7  ~ l K . P N A M E l K l . R E F E R l K l ~ K ~ l r 3 0 l  
FORMAT 12bHUGOOFY BODY L I S T  I N B O D Y S  = 1 2 . 1 3 H 9  M I S S P E L L  = 1 2 .  

I I 1 H .  K Z E R U S  = I 2 . 1 H l / l l H O B O D Y L I S T  = 8 1 3 X . A b 1 1  
26 
2 7  

28 

29 
30 

FORMAT lllH NREFER = I b r 7 1 9 1  
FORMAT 11513H K ~ X I ~ H B O D Y ~ X ~ ~ H R E F E R ~ X , I / ~ I ~ ~ ~ ~ X ~ A ~ ~ ~ X ~ A ~ ~ ~ X I ~  
C A L L  E X I T  

PART 4. TRACES OUT ..REFERENCE TO BODY.. R E L A T I U N S H I P S  
KK = 2 
K N  = I 
NA 
I F  

M E 1 1 1  = 1 
I N R E F E R i K N I I  2 4 . 3 1 . 3 0  

N A M E I K K I  - N N R E F R I K N I  
N N R E F R I K N I  = 0 
K N  = N A M E I K K I  

C 

. .. . . . . - 
GO TO 29 
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C 
3 1  

32 
33 

P A R T  5. TRACES OUT ..BODY TO REFERENCE 
00 34 K N  = 1,NBOOVS 
DO 34 K = 1,NBODYS 
I F  I N N R E F R ( K 1  - N A M E I K N I )  3 4 1 3 3 1 3 4  
N A M E I K K I  = K 
KK = K K  + I 

P A R T  5. TRACES OUT ..BODY TO REFERENCE 
00 34 K N  = 1,NBOOVS 
nn 36 K = 1 .~8nnvs  - . . . . . . . - - - . . 
I F  I N N R E F R ( K 1  - N A M E I K N I )  3 4 1 3 3 1 3 4  
N A M E I K K I  = K 
KK = K K  + I 

.. R E L A  T I O N S H I P  

. .. . . . . . . 
34 C O N T I N U E  

C 
C P A R T  6. I N V t R T S  NAME TO MANEISTORES BNAME. BMASS, R B C R I T t  A N 0  A 
C TEMPORARY NEFMRS. 

00 35 K = 1,NBOOVS 
N = N A M E l K )  
Y d t d F l M l  = Y . . - . . . . . . 
N E F  - N E F M R T I N I  
B N A M E ( K )  = P N A M E I N E F )  
B M A S S ( K I  = A M A S S I N E F I  
R B C R I T I K I  = R C R I T I N E F )  
N E F M R S t K )  = N E F  

35 C O N T I N U E  
C 
C PART 1. F I N D S  NNREFR REFERENCE FOR BNAME LIST t ALSO TEMP. ISOOV 

DO 36 K = 1. NBOOYS 
N = N A M E I K )  
N R F  = N R E F E R ( N 1  
N N R E F R I K )  = M A N E ( N R F )  

36 I B O O Y ( K )  = M A N E ( N R F 1  
C 
C 

3 7  
3 8  

39 
C 
C 
C 
C 

40 

41 
42 

43 

C 
C 

PART B F I N D S  I B O D Y  FOR BACKYARD REFERENCE. 
00 3 9  K=1,8 
I F ( N N R E F R ( K ) I  2 4 1 4 0 . 3 8  
N = N N R E F R I K )  
I B O O Y I N )  = -K 
CONT I N U E  
I B O D Y  L I S T  IS COMPLETE. 

PART 9 H R l T E S  OUT E P H E M E R I S  L I S T  TO BE USEO I N  S T O R I N G  D A T A  A N 0  

KK = 1 
DO 4 3  K=l ,NBOUYS 
I F ( N N R E F R I K I 1  4 2 1 4 3 1 4 2  
E F M R S I K K )  = B N A M E I K )  
N E F M R S I K K I  = N E F M K S ( K )  
KK = KK + I 
C O N T I N U E  
N E F M R S l N B O O V S l  = 0 

PART 10. SAVES E L L I P S E  DATA 

MAKES F I N A L  NEFMRS L I S T .  

F T l F  = " . .__ - _  
I F  IMBODYSI 4 3 0 , 4 8 0 , 4 3 0  

4 3 0  00 48 K = l . M b O D Y S  
44 I F ( N E F M R S l K ) - Z O )  4 1 . 4 1 r 4 5  
45 00 46 J=5,12 

46 T O A T A I J - 4 . K I  = E L I P S I L I  
L =  ( N E F M R S l K l  - 21) I 2  +J 

00 50 J=1.9 
L = ( N E F M R S l K ) - 2 1 ) * 1 2 + J  
T O A T A I J + 2 . K )  = S I N F I E L I P S ( L ) )  

5 0  T O A T A ( J + 5 r K I  = C O S F I E L I P S I L I )  
GO TO 48 

C 
C P A R T  10A.  LOADS A F A L S E  ( V E R Y  E A R L Y )  T A P E  T I M E  TO FORCE T A P E  
C R E A O I N G  B Y  T H E  EPHMRS ROUTINE.  F I L E  = 0 U N L E S S  TAPE I S  USEO. 

47 T O E L ( K I  = 0 
T I M I K )  = 2 4 0 0 0 0 0 . 5  
F I L E  - 10. 

40 C O N T I N U E  
C 
c PART 11. COMPUTE G R A V I T A T I O N A L  CONSTANTS. 1.9066 E + 3 0  = K I L O G R A M S I S U N  MASS 
C I F  O R I G I N  BODY H A S  AN ATMOSPHERE. SET R O T A T I O N  R A T E  A N 0  ATMOSPHERE RAOIUS. 
C P O S I T I O N  T H t  E P H E M E R I D E S  TAPE A T  THE B E G I N N I N G  O F  THE CORRECT E P H E M E R I S  
C B Y  M A T C H I N b  THE E P H E M E R I S  NUMBER READ FROM T A P E  I F l L E l  WITH THE D E S I R E D  
C E P H E M E R I S  NUM8ER ( T F I L E I -  
C 

400 RESQRO = R E * * Z  
SPROK = S Q R U K 1 * A U * * 3 / S P O * * 2  
GKZM = SQROK.(BMASSI l )  + X P R I M 1 2 ) / 1 . 9 8 6 6  E 3 0 1  
GKU = S P R T F ( G K 2 M )  
R E V O L V  = 0. 
RATMOS = 0. 
I F  I A T U N - B N A M E ( I ) J  5 1 1 4 9 1 5 1  

49 REVOLV = ROTATE 
RATMOS = RATM 

51 I F  ( F I L E )  5 6 r 5 6 r 5 2  
5 2  C A L L  B S F I L E l 3 )  
5 3  R E A 0  T A P E  31 F I L E  

5 4  C A L L  S K F I L E l 3 1  
I F  ( F I L E - T F I L E I  54.56.55 

GO TO 53 
55 BACKSPACE 3 

BACKSPACE 3 
GO TO 52 

C 
C P A R T  12. Y R I T E S  THE BNAME L I S T  ON TAPE 6 . 

5 6  I F  ( O U T P O T 1  5 8 9 5 9 . 5 8  
59 Y R I T E  OUTPUT T A P E  6.57.BNAMEllI.IBNAME~K~.K=2,NBOOYS~ 
5 1  FORMAT (19HOREFERENCE BODY I S  A 6 . 5 X 1 2 3 H  P E R T U R B I N G  B O D I E S  ARE 

60 

1 7 ( 2 X , A 6 ) )  
5 8  RETURN 

END 



C  
C  
C  
C  

C  

C  

C  

C  
C  
C  
C  
C  

C  

C  

C  

C  
C  

C  

S U B R O U T I N E  O d L A T E  
THIS S U B R O U T I N E  COMPUTES THE O B L A T E N E S S  A C C E L E R A T I O N S  I O B L A T I  DUE TO AN 
A X I A L L Y  SYMMETRIC EARTH. THE 2ND. 3RUg A N 0  4 T H  S P H E R I C A L  H A R M O N I C  COEFF. 
ARE O E L A T J .  OdLATH.  AND OELATO R E S P E C T I V E L Y .  

COMMON C  

D I M E N S I O N  A 1 6 0 0 1 .  B l 7 0 0 1 ,  C l 4 0 0 0 1 .  
I R B 1 3 1 1  O d L A T l 3 J  

E P U I V A L E N C E  
IIA ,C I I I l l v l B  r C  l l l l l l l ~ l G K 2 M  r E  I 3 6 1 1 .  
Z I O B L A T J I A  I 2 6 1 1 , 1 0 B L 1 T D 1 A  I 2 7 1 I . l O B L A T H v A  I 2 8 1 ) .  
3 l O B L A T  .B I 7 5 l l . l R  rB I 1 0 2 1 1 . I R B  .B I 1 9 3 1 1 .  
4 1 R E  t A  I 2 5 l l . l R S Q R O  ,B I 4 5 l l ~ l R E S P R O ~ B  I 7 1 1  

AA = R B 1 3 1 / R  
AB = AA*AA 
I F  I A B S F I A A I - 1 . E - 6 1  1.1.2 

1 AA=O. 
AB=O. 

2 AC = RESPRO/RSPRD 
AD = GK2M/RSPRO/R*AC 
AE = O B L A T J * A O  
AF = O E L A T H * A U * R E / R  
AG I OBLATD.AO*AC 
A H  E AE*l5~AB-1.l+AF~l7.AB-3~l~AA+AG*l6~AB-9.AB~~2-O~42E57l42E6l 
O B L A T I I I  = A H * R B l I I  
O B L A T I 2 1  = A H * R E I Z l  
O B L A T l 3 1  = l A H - Z . A E + A G * 1 4 . A B - 1 . 7 1 4 2 8 5 7 1 4 ) ) r R 8 ( 3 ~ - A F * l 3 . A E - O ~ 6 l * R  

3 RETURN 
E N 0  

S U B R O U T I N E  OUTPUT 
E N T S  A N 0  R€CTANGULAR COOROINATES ARE OUTPUTTED.  I F  THE O B J E C T  IS NOT W I T H  
T H I S  IS THE R O U T I N E  WHICH FORMS THE B A S I C  OATA OUTPUT. BOTH ORBIT ELEM- 
I N  AN ATMOSPHERE IPRESS=O. I .  ONE L I N E  OF OATA 15 DELETED.  L I K E W I S E ,  
ONLY THOSE P E R T U R B I N G  B O O I E S  PRESENT HAVE T H E I R  O I S T A N C € S  OUTPUTTED. 

COMMON C  

O l M E N S l O N  A l 6 O O l .  B 1 7 0 0 1 ,  C 1 4 0 0 0 1 .  
1 R 1 8 1 s  O R B E L S  1 6 1 r  
2 BNAME IBI. RBI 3 - 8 1  P 
3 X P R I M  120011 RAUC 15) 

E P U I V A L E N C E  
A I A  .C I 1 1 l l ~ l A L P H A  .A I 4 9 1  
Z l A M C  . B  I E 7 ) I s l A M  .B I 9 0 1  
S I B N A M E  ;B I 1 2 2 1 1 . 1 E  , C  
4 1 C L  r A  I 1 6 4 ) ) r l C O S A L F . B  
S l O T O F F J t A  I 2 3 ) l r I H Z  . B  
61MEOOYS1B I 4 2 ) I ~ l N B O O Y S . E  
7 l P R E S S  S B  I 3 3 ) ) v I P  * E  
E I P S I R  ,B I 3 9 E ) l . l P U S H  IA 
9 l R A M C  ,B i 3 9 3 ) I . i R M  r B  

1 I R  , B  I 1 0 2 j I . I S I N A L F 9 B  
21STEPGO.A I ~ ~ I ~ . I S T E P N O I A  
3 1 T R U  r B  I 4 0 ) ) , 1 V A T M  rB 
4 1 V  18 I 9 5 ) I . l V X  18 
5 l V Z  , E  I 9 4 ) I r l X P R l M  .C 

E P U I V A L E N C E  

DAYJ=IOTOFFJ-2.4E61+TABLT 
dl  D u a l  = AI PHA.57 .74577951  

111111 
I 481 
I 151 
I 41) 
I E41  
I 1 6 6 1  
i 1 9 3 1  

VATM 131, 
D I R C O S 1 3 . B I  

. ._ - - -. . .. . . - - . . . . . - - 
REV = REVS+ARCTANl-RBl2I~-RB1111/6~283L8532 
C A L L  C O N V T l I V X . A M C 1  
I H O D E - I M O O E  
GO TO 1 2 ~ l l l ) ~ I M O O E  
COOE=bHRECTAN 
C I C L  CONVT 2 
GO T O  4 
00 3 K = l r 6  
O R E E L S I K I  J X P R I M I K + 2 1  
CODE=SHORBIT 
TRU=ARCTANISINTRU,COSTRUl 
P S I  = d T A N F l I R B l 1 1 ~ V X + R B l 2 l ~ V Y + R B l 3 1 ~ V Z ~ / A M l  

+ .5 

5 7 . 2 9 5 7 7 9 5  

I 4 1 1 ,  
I 6 1 1 9  
I 1 6 5 1 1 .  
I 5 3 1 1 r  
I I ) ) ,  
I 1 1 6 1 1 .  
I 3 0 1 1 1  
I 5 9 1 1 r  
i 4811 

I 5211, 
I 2 0 1 1 ,  
1 10011. 
I 9 3 ) ) ~  
I 3 9 9 1 1  

I F  I O U T P O T I  1 9 ~ 6 ~ 1 9  
6 W R I T E  OUTPUT TAPE 6, I L ~ S ~ E P G O ~ S T E P N O ~ O R B E L S l ~ l ~ O R B E L S l 2 l ~ V ~ R l ~ ~ ~ E  
l N A M E l I l ~ C O O t ~ l U O O € l X P R ~ M l l l ~ O R E E L S ~ 6 l ~ T R U ~ V X ~ R B ~ l l ~ X P R l M l 2 ~ ~ O A Y J ~ O  
2 R B E L S i 5 l ~ 0 R B E L S l 3 l ~ V Y . R B ( Z l r R E V ~ A L P ~ A l ~ P S l ~ O R B E ~ S i 4 l ~ V Z ~ R B l 3 l ~ H 2  

I F  W I T H I N  A N  ATMOSPHERE COUPUTE ORAGt  L I F T .  GI E T C - .  A N 0  P R I N T  EXTRA L I N E .  
19 I F  I P R E S S I  5.7.5 

5 X I F T  = P * A R € A = C L  
DRAG = P * A R € A * C O  
G  - lPUSH-ORAG~COSALF+XIFT~SlNALFl/XPRlMl2~/9~EO665 

P S I R  = ATANFllRBl1l~VATMlll+RBl2l*VATU~2l+RBl3~*VATMl3~l/RAMCl41l* 

I F  I O U T P O T I  7.14.7 

1 7  C A L L  C O N V T I I V A T M r R A M C l  

I 5 7 . 2 9 5 7 7 9 5  

14  Y R l T E  OUTPUT T A P E  6 1 1 2 . A L T I P S I R 1 0 R A G , V P ~ G ~ P U S H  
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C  

C  

C 

C 

C  

C 

C 

C  

I F  P E R T U R B A T I N G  B O D I E S  ARE PRESENT,  F I N O  T H E I R  D I S T A N C E S  AND P R I N T  THEM. 
7  I F I M B O O Y S )  B v 1 0 p B  
B 00 9 Jr2 ,NEUDYS 

9 D I R C O S I K r J )  = - R B l K . J l / R I J l  
00 9 K=1.3  

I F  I O U T P O T I  1 0 ~ 1 5 . 1 0  
1 5  WRITE ouwur TAPE 6,13. 

l l B N A M E l J l r R I J I ~ D I R C O S l l ~ J ~ , O l R C O S l Z ~ J l ~ O l R C O S l 3 ~ J l ~ J ~ 2 ~ N B O O Y S ~  
10 RETURN 
11 f O R M A T 1 6 H O S T E P = F 6 . r Z H  + F ~ . , ~ X ~ ~ ~ H E C C E N T R I C ~ T Y = ~ P G ~ ~ . B S ~ H  OMEGA=GlS 

1.E14H V=G15.B,3H R=G15.8.7H R E F E R = A 6 , 1 X , A 6 , 1 2 / 6 H  T I M E = I P G 1 4 . 7 , 1 4  
2 H  S E M I L A T U S  R.=G15.B17H TRU A = G 1 5 . B V 4 H  VX=G15.8,3H X=G15.8,7H RMAS 
3S=G15.B/9H J D A Y -  2 4 0 P F 1 0 . 4 . 1 5 H  MEAN A N O M A L Y = I P G l 5 . 8 ~ 7 H  NOOE=GIS. 
4 B r 4 H  VY=G15.B,3H Y=G15.E,7H REVS.=G15.E/6H A L f A = G 1 4 . 7 1 1 4 H  P A T H  A  
5NGLE=G15.E,7H INCL=G15.8 .4H V 2 = G 1 5 . B f 3 H  Z=G15.8.7H O E L T ~ G 1 5 . B )  

12 F O R M A T l 6 H  ALT.= lPG14.7 .14H R P A T H  ANGLE=G15.B*7H ORAG=G15.E,4H VR 
L=G15.8.3H G=G15.B17H P U S H = G l S . B I  

13 F O R M A T 1 2 l I X , A 6 ~ 3 H  R = l P G 1 4 . 7 . O P 3 F 1 0 . 6 ~ 1 1 X ) )  
E N D  

F U N C T I O N  QUAD I X ~ I C I  
T H I S  R O U T I N E  COMPUTES A N I  V A R I A B L E .  QUAD, AS A  Q U A D R A T I C  F U N C T I O N  OF X. 

B E L O N G I N G  TU A  P A R T I C U L A R  R E G I O N  OF X. T H E  COEFN ARRAY IS ARRANGE0 AS -- 
WHERE A I . B I . C I  ARE THE C O E F F I E N T S  TO BE U S E 0  FOR X  E E T U E E N  X I  ANU XZtETC- 
AND X 1  IS L E S S  THAN X2. X 2  IS L E S S  THAN X 3 1  X 3  IS L E S S  THAN X 4 r  ETC. 
I C  I D E N T I F l t S  WHICH DEPENDENT V A R I A B L E ,  QUAD. IS B E I N G  SOUGHT. 
ICCIIC) D E F I N E  THE S T A R T I N G  L O C A T I O N S  I N  THE C O t F N  ARRAY FOR V A R I A B L E S  X. 

COMMON C  

U I M E N S I O N  A l 6 0 0 ) r  81700). C 1 4 0 0 0 ) #  

QUAD = A + nx + cxx. THERE M A Y  BE SEVERAL SETS OF COEFFIENTS, EACH SET 

X I . A 1 . B 1 . C l ~ X 2 . A 2 1 B 2 . C 2 1 X 3 r A 3 1 8 3 r C 3 1 X 4 ~  --..---.---..- 

1 C O E F N l 1 9 U I v  I C C 1 5 1  

E Q U I V A L E N C E  
1 I A  .C I 1 1 1 ) , 1 B  .C 1 1 1 1 1 ) 1 , l C O E F N  r A  I 4 0 7 1 1 ,  
Z I I C C  .A I 1 5 3 ) )  

I = I c c l I c )  
1 I F  I X - C O E F N I I I )  2.3.3 
z 1 = 1-4 

GO TO 1 
3  I F l X - C O E F N I 1 + 4 ) )  5.5.4 
4 1 = 1+4 

GO T O  3  
5  QUA0 = C O E F N I I + 1 ) + X ~ ~ C O E F N I I + Z ) + X . C O E F N ( I * 3 ) 1  

lcclIc)=I 
RETURN 
END 

S U B R O U T I N E  STAGE 
T H I S  R O U T I N t  IS C A L L E D  TO PREPARE DATA FOR USE I N  NBOOY. STAGE DATA IS 
TAKEN FROM P E R M I N E N T  STORES A N 0  LOADED I N T O  WORKING STORES. STAGE DATA 
MAY B E  SET A S I D E  FOR L A T E R  U S E  ( I F  ON NSAVE-NSTAGE) .  WHEN IMODE IS 4. 
C O N V E R S I O N  FROM E A R T H - S P H E R I C A L  TO RECTANGULAR OR OROIT E L t M t N T b  TAKES 
P L A C E  I N  TUUES. 

COMMON C 

D I M E N S I O N  A l 6 0 0 1 .  E I 7 0 0 ) t  C l 4 0 0 0 ) .  
1 X P R I M l Z 0 0 ~ . X P R l M B l 2 O O ~ ~ T B 1 1 0 ~ ~ F L O U l l l O ~ , A k X l T l l l O l ~ S l M P l l l O ~ r  
2 A R E A 1 l 1 0 ~ , O E L T 1 1 1 0 ~ r l O E N T l 1 0 ~ 1 T A B L E I 2 0 0 ~ 1 R M A S S l l l O ~ ~ O l 6 O O l  

F D I I I V A l  F N T f  

6 l F L O W  , E  I 5 I ) 1 I F L O W I  S A  I 8 3 ) ) t l I O E N T  r A  I 123))t 
711MODE ,A 1 1 ) ) s l L S T A G E . A  I 3 8 ) ) r l H O U O U T ~ A  I 2 0 ) ) .  
B I N C A S E  .C I 1 ) ) 1 1 N C A S E S 9 A  I 6 0 0 1 ) v I N S A V E  . C  1 4 1 1 1  
9 I N S T A G E . A  I 3 ) ) . l P U S H O  ,B I 3 9 1 ) ) 1 1 R M A S S l , A  I 7 3 1 1  

F O U l V A l  FNCF 
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C 
C 

99 
100 
101 

102 

97 
90 

103 

117 

110 
119 

3 

104 

105 

PART 0. SAVE I N I T I A L  UATA I F  UESIREO. L O A 0  STAGE UATA I N T O  NORKING 
STORAGE. ALLOY A U O l T l O N A L  STAGE INPUT. 
I F  ( V E L 1  IOOv99.LOO 
DEL = OELHAX-TKICK 
IF INSAVE-NSTAGE)  103~IOLvLO3 
NCASES = NCASE 
00 102 J=1,1100 
OlJI = A I J I  
I F  I O U T P O T I  1 0 3 , 9 7 . 1 0 3  
W R I T E  OUTPUT TAPE ~ . ~ ~ . N S T A G E I N C A S E  
F O R M A T I 2 9 H  bAVED I N I T I A L  O A l A  FOR STAGEI2 .0H OF C A S E 1 4 1 I H - I  
NSTAGE - N S I A C E  
TMAX = X P R l M l 1 I + T ~ l N S T A G t l  
X P R I M 0 1 2 )  = 0. 

X P R I M I Z I  = X P R l M l Z l t R M A S I I I N S T A G E l  
I F  I R M A S S L I N S T A G E I I  117.117,Ll0 

GO TO 119 
X P R l M l Z l  = R M A S S I I N S T A G E I  
FLOW = F L O W I I N S T A C E I  
S I M P  = S I M P I I N S T A G E I  
A E X I T  = A E X I T I I N S T A G E )  
AREA = A R E A I I N S T A G E )  
DELT = O E L T I I N S T A G E I  
I D  = I O E N T L N S T A G E I  
C A L L  I N P U T  1 l O ~ C ~ T A B L E l  
ERLOG = L O 6 F I A B S F l E R E F I I  
TTOL = 5 E - 8 * A B S F l T M A X ) + l E - 0  
PUSH0 - SlMP.FLOY.9.00665 
E X I T A  = AEXIT.100. 
MODOUT = MOUOUT 
I F  I D E L T I  1 0 5 . 1 0 4 9 1 0 5  
DELT = T B I N b T A G E 1 / 1 0 0 .  
O E L T I I N S T A G k l  = U t L T  

~ , GO TO 1 1 0 9 ~ L 0 6 1 1 0 6 1 1 0 9 1 ~  MODOUT 
106 I F  IOEL-OELMAXI  100.100.107 
107 DEL = MOOFlUEL.OELMAX1 
100 I F  lDELl 1 1 4 . 1 0 9 . 1 1 4  
114 DELT = M I N I F l U E L T , O E L )  
109 I F  I X A B S F l I M U O E I - 4 1  1.110.1 
110 CALL TUUES 

lMODE = X S I G N F I Z I I M O O E l  
I C A L L  NBOUY ~ ~~ 

2 C A L L  EXTRAS 
C 
C PART 9. C O M t S  HERE FOR END OF SUB TRAJECTORY- 

I F  IDONE)  1 1 3 ~ 1 1 1 . 1 1 1  
111 DONE = 0. 

I F  INSTAGE-LSTAGEI  1 1 2 1 1 1 5 1 1 1 5  
112 N S T A G t  = N S T A G E + l  

GO TO 100 
113 DONE = 0. 
1 1 5  C A L L  EXTRA 

I 1 6  RETURN 
I F  I R E T U R N 1  1 0 3 . 1 1 6 ~ 1 0 0  

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 
C 
C 

EN0 
S U B R O U T l N t  STEP 

SUBROUTINE S T t P  TESTS FOR THE END OF THE PROBLEM. COMPUTES STEP SIZE. A N 0  
CONTROLS U U A N T I T Y  OF OUTPUT OATA. EN0 OF PROBLEM UCCURS IF T I M E  = TMAXI 

STEPGO+STEPNO = STEPMX. OR C I L O O K X I  = XLOOK. T H t  L A 5 1  U P T I O N  ALLOYS STUP- 
P I N G  ON A U t P t N U E N T  VARIABLE.  THE TEST FOR STOPPING AT XLOOK I S  NOT MAUE 
U N T I L  C I L U U K S N )  I S  GREATER THAN SYLUOK. CONTROL ON QUANTITY U F  OUTPUT I S  

MOOOUT=I  UuTPUT EVERY NTH S T E P l N = S T E P S I  U N T I L  T I M E  = T H I N ,  THEN 

2 OUTPUT AT I N T E R V A L S  OF UELMAX U N T I L  T IME = TMAX. 
3 UUTPUT AT I N T E R V A L S  OF UELMAX U N T I L  T I M E  = T H I N ,  T H t N  

GO TO MODE 2 . 
LO TO MOUE 4 . 

4 OUTPUT EVERY NTH STEP U N T I L  T I M E  = TMAX- 

COMMON C 

D I M E N S I O N  A l 6 0 0 ) r  0 1 7 0 0 1 r  Cl4000). 
1 X P R I M l 2 O O ) r  OELTI 1101 

5 l l N L O O K . A  1 5 9 9 1 ) t l L O O K S Y ~ A  I 9 1 l . l L O O K X  r A  
61M000UT1A 1 ZOI) . INSTAGE.A I 3)IvlUELTI r A  
7 1 R A T 1 0  .0 I ~ ~ I I . I S I G N A L I B  1 ~ L I I . I S P A C E S I ~  
0 lSTEPGO.A 1 4 1 I I r 1 S T E P H X , A  1 1 6 ) I ~ l S T E P N O ~ A  
9 l S l E P S  ,A 1 17)1 . ISULOOK.A I L O l l . l T A t l L E  r C  

1lTHP.X .0 I 4 1 1 . 1 T M I N  ,A 1 1 0 1 1 ~ l T T O L  r A  
Z I X L O O K  .A 1 1 2 1 1 r 1 X P R I M  .C  1 7 1 1 ) 1 1 l X T O L  S A  
3 1 N S T A R T v B  I L 4 1 I . I S W I T C H . A  1 6 0 I 1 1 1 1 0 U T P 0 T 1 B  

EQUIVALENCE 

C H E C K F l A i 0 o C )  = A l3SFlA-B1 - A B S F I A - C I  

PART 1. TEST FOR EN0 OF THE PROBLEM IHPiXlMUM PROBLEM 

STEPGO = STEPGD + 1. 
our = o u r P o r  

NUM0ER OF S T E P S ) .  

.. 
IF I A B ~ F l T ~ A X - X P R l M 1 1 1  I - T T O L I  1 . 1 3 3  

1 DONE = 1.0 
112 

111 
2 

3 
4 

5 

C 

IF I S T E P G O I S T E P N D - S T E P M X I  7.4.4 
C A L L  OUTPUT 
U R l T E  OUTPUT TAPE 6.5vSTEPMX 
FORMAT 122HOSTEPGO+STEPNO=STEPHX=F6.1 
C A L L  E X I T  

81). 
1331 I ,  

1 6 1 1 ~  
1 421). 
119111 I 

I 4 5 1 1 .  
I I l l l r  

1 3 9 9 1 1  

T I M E  OR MAXIMUM 
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C 
1 

E 

9 
10 

11 
12 

1 3  
14  

1 5  
16 
17 
18 

19 

20 

2 1  
22 

c 
C 

23 
27 

44 
45 
28 
29 

30 
31 

32 

33 

43 
350 
35 
60 
36 
46 

63 
61 
51 
64 

PART 2. COMPUTE S T E P  S I Z E  I U E L T I  A N 0  
N= I 
A 3  = I A 2 - A l ) . R A T I O + A Z  
AA = l E R L O G - A 3 1 / 5 .  
I F  ~ I A B S F I A A I - 8 8 . O 2 B I ~ A H S F ( S W I T C H I I  88 
O E L T  = S I G N F I E X P F I  A A )  I D t L T  I 
I F  l O E L T / H 2 - 3 . 1  10~1Or9 
D E L I  = 3. rHL 
MOOOUT = MOUOUT 
GO TO l I l ~ l ~ r 1 3 r 2 1 1 ~ M O O O U T  
I F I o E L T * l X P R I M I I I  + 3 . * O t L T - T M l N I l  211 
MOOOUT = 2 
D E L  = T H I N  - X P R I M I I I  
GO TO 16 
I F I O E L T  I X P R I M I I I  - T H I N 1 1  15.15.14 
MOOOUT = 4 
GO TO 2 1  
D E L  = DEL-HL 
SPACES = INIFlIOEL/OELTl+SIGNFl~9~lOE~ 
I F t S P A C E S I  20. 18.20 
C A L L  OUTPUT 
u= T )  

. OUTPUT. 

1 

.. - 
D E L  = DELMAX 
I F  I A B S F I O t L I  - A B S F I O E L T I I  19.16~16 
D E L 1  = S I G N F I O E L , O E L T I  
GO TO 16 
D E L 1  = O E L / S P A C E S  
GO TO 2 3  
I F  I M O D F I S T t P G O I S T E P S I I  2 3 r 2 2 1 2 3  
C A L L  OUTPUT 
N = 2  

PART. 3. SEARCH FOR C I L O O K X I  = XLOOK U N L E S S  LOOKX=O. 
I F I L O O K  X I  27.42.27 
LOOK X = LOUK X 
LOOK SW = LOOK SW 
OUTPOT = 1. 
GO TO 1 4 4 r 4 5 1 . N  
C A L L  OUTPUT 
I F I S W I T C H I  3 2 , 2 8 1 3 3  
I F I S W  LOOK - C I L O O K  SWII 29~29.42 
X T O L l  = X T O L * A 8 S F I X L O O K I  
I F  I X T O L l I  31130131 
X T O L l  = XTOL 
SWITCH = -1. 
GO T O  4 1  
SUITCH = 1. 
A S S I G N  4 3  T U  MODE 
OVER = 0. 
F = 0. 
r=n. . - -  
SLOPE = l C 1 L O O K X l - O L O X l / H 2  
GO TO MODEl 1 4 3 1 3 5 1  
I F I S L O P E  * I L t L O O K  X I  - X L O O K I )  3 5 0 . 4 1 r 4 1  
A S S I G N  3 5  TU MODE 
I F I A B S F I C I L L I O K  X I -  X L O O K 1  - X T O L 1 1  3 6 , 3 6 1 3 1  
T = l .  
I F  I L I U T I  63146~63  
OUTPOT = 0. 
C A L L  OUTPUT 
I F  I T )  61r47.61 
I F  I O U T )  6 2 t 5 1 r 6 2  
Y R l T E  OUTPUT T A P E  6.64.  L O O K X , C I L O O K X ) r H 2 ~ L O O K X ~ S L O P E  
F O R M A T l 3 H O C l I 4 , 4 H l  = l P G L 5 . 8 . 3 1 H  C O N V t R G E N C t  TROUBLE. 

l G 1 5 . 8 . 1 4 H  SLOPE OF C 1 1 4 . 1 3 H I  VS. T I M E  = G 1 5 . 8 / / 1  
GO TO 6 2  

47 I F  IOUTI 6 2 1 5 0 . 6 2  
50 W R I T E  O U T P U I  TAPE 6 r 4 8 r L O O K  X I  C I L O O K  X I  
48 FORMAT13HOC114r2HI=IPG15.8//~ 
62 LOOKX = 0 

X T O L l  = 0. 
S I G N A L  = 1. 
SWITCH = 0. 
DONE = E N 0  
NSTART = 0 
NSTAGE=NSTAGE 
O E L T  = O E L T I I N S T A G E I  

I F  I O O N E I  1 1 0 t 4 2 ~ 1 1 0  
49 C A L L  1 N P U T l 1 N L O O K ~ C ~ T A B L E I  

110 I F  I O U 1 1  26.111.26 
37 S I G N  = C H E C K F I O L O X I X L O O K ~ C I L O O K  X I )  

I F I S I G N I  4 0 . 4 0 1 3 8  
40 OVER = 1. 

GO TO 400 
38 I F  ( O V E R )  4001401r400 

401 XGUESS I C I L O O K X ) + S L O P E * D E L T  

4 0 2  F = F + I .  

403 SLOPE = S L O P E l F  

404 OELT = SIGNFlA8SFlXL00K-ClLOOKX)I/SLOPE~SIGN*H2I 

I F  I C H E C K F I C I L O O K X I ~ X L O O K I X G U E S S I I  4 0 2 r 4 1 . 4 1  

I F  IF-7.1 40014001403 

400 IF ISLOPE) 404.60.404 

41 OLOX = C I L O O K  X )  
42 I F  IABSFITMAX-XPRIMIIIl-A8SFlDELTIl 2 5 r 2 6 r 2 6  
25 U E L T  = T M A X - X P R l U 1 1 1  

24 D E L  = DEL-DELT 
26 OUTPOT = OUT 

GO T O  1 2 6 ~ 2 4 ~ 2 4 r 2 6 1 t M O D O U T  

RETURN 
E N 0  

O E L T =  
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c 
c 
c 
c 

c 

c 

c 
c 

c 
c 

C  
C 

c 
c 

c 

SUBROUTINE STOATA 
T H I S  R O U T I N t  C L E A R S  THE A t  X P R l M t  X P R l M B  ARRARYS A N 0  LOADS A  SET OF 

I N P U T  1 I N  THE M A I N  PROGRAM. 

CDWMON C 

S T A N D A R D  O A T A  INTO THE MACHINE. ANY VALUES SET UERE M A Y  BE OVERWRITTEN n y  

D I M E N S I O N  A l b O O l .  8 1 7 0 0 1 .  C 1 4 0 0 0 1 .  
1 PNAME I l Z I .  AMASS 1 3 0 1 .  X P R l M  l 2 0 0 1 .  
2 GOEFN 11901. 
3  AK 131. XOOT ILOOI. 
4 R E F E R  l L 2 l t  RCRlT 1301, 
5 R M A S S l  I101 

I C C  141. 
1ND 1 3 1 ,  

A U  141. 

E Q U I V A L E N C E  
I I A  1 C  I 
2 1 A U  .A I 
3IBODYCD.A I 
41CONSU r A  I 
5 I E R L I M T . A  I 
6llCC * A  I 
7 l L O O K S h , A  I 
8 I N S T A G E . A  I 

1 1 I l ~ l A K  * A  
291 I I I A W  .A 

1 4 3 l l . l C U E F N  * A  
311 l * l O T O F F J , A  
1 4 l I ~ l E T O L  ,A 

1 5 3 1  1 .  I IMOOE t A  
9 1 1 r I M U O O U T ~ A  
3 1 l . I O B L A T O . A  

5111 
551 I 

4 0 7 1  I 
2 3 1  I 
3 0 1  I 

11 I 
201 I 
2 7 1  I 

( A M A S S  ,A I 3 4 7 1 1 ,  
I 0  .c 1111111. 
ICONSTU,A I 3 2 1 1 ,  
I E R E F  r A  I 1 3 1 1 1  
ICASFACIA I 4 6 1 1 ,  
( I N 0  * A  I 6 O I l r  
( N E 0  .A 1 211.  
1OBLATH;A I 2 8 1 1 ;  

9 l O B L A T J ; A  I 2 6 l l ; l P N A M E  ;A I 2 8 7 1 1 ~ l R C R l T  t A  I 3 7 7 1 1  

1 I R E F E R  * A  I 3 1 7 1 1 . l R E  r A  I L 5 l l r l S P D  * A  I 4 4 1 1 ~  
2 l S Q R O K l r A  I 4 7 l l r l S T E P M X , A  I L b l 1 . l S T E P S  .A I 1 7 1 1 .  
3 l T F I L E  t A  I 6 l l ~ l X O O T  9 8  I 5 O L l l . l X P R l M  . C  I 7 1 1 l l r  
4 1 X T O L  ,A I 1 1 l l t I R M A S S l ~ A  I 7 3 1 1  

E Q U I V A L E N C E  

C L E A R  I N I T I A L  C O N D I T I O N S  A N 0  CONTROL PARAMETERS. 
00 I J*1,1100 

1 A I J I  = 0. 

THE F O L L O W I N G  N H  STATEMENTS L O A 0  THE BOOY NAMES I N T O  THE MACHINE.  
P N A M E I I I  = J H S U N  
P N A M E I Z I  = bHMERCUR 
P N A M E l 3 1  = 5HVENUS 
P N A M E l 4 1  = SHEARTH 
P N A M E 1 5 1  = 4UMARS 
P N A M E I b I  = 6 H J U P I T E  
P N A M E l 7 l  = 6HSATURN 
P N A M E I B I  = 6HURANUS 
P N A M E l 9 1  = 6HNEPTUN 
PNAMEC 101- SHPLUTO 
P N A M E l L I l =  4 H M 0 0 N  
P N A M E I I Z l =  6HEARTHM 

F I L L  OUT SUN REFERENCE L I S T .  I N I T I A L I Z E  MASS AHRAY. 
00 2 K - 1 . 1 0  
R M A S S L I K I  i I .  

2 R E F E R l K + I l  = P N A M E I l I  
R E F E R 1 1 2 1  - PNAMEI  1 1  

F I L L  OUT E A K T H  REFERENCE L I S T -  
R E F E R ( 1 1  = P N A M E l 4 1  
R E F E R 1 4 1  = SHZERO+ 
R E F E R I 1 1 1  = P N A M E 1 4 1  
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C L O A 0  THE R E M A I N I N G  STANDARD DATA. 
A K l l l  = 0.5 
A K 1 2 1  = 0.5 
A K l 3 1  = 1.0 
A M A S S I I )  = 1.0 
A M A S S I Z )  = 1.016120000.0 
A M A S S 1 3 1  = 1 . 0 1 4 0 8 6 4 5 . 0  
A M A S S l 4 )  = 1.01332951.3 
A M A S S 1 5 1  = 1.0/3088000.0 
A M A S S 1 6 1  = 1 . 0 1 1 0 4 7 - 3 9  
A M A S S 1 7 1  = 1.013500.0 
A M A S S I B )  = 1.0/22869.0 
A M A S S 1 9 1  = 1 . 0 1 1 8 8 8 9 . 0  
A M A S S I 1 0 1  = 1.0/400000.0 
A M A S S I 1 1 1  = A M A S S 1 4 ) / 8 1 . 3 3 5  
A M A S S l I 2 I  =AMASS141+  A M A S S I I I I  
A U  = 1.49599 E l l  
A U l l l = l . / 6 .  
A W I 2 l = A U I I I + A W l 1 1  
A W 1 4 l = A Y l I l  
A Y l 3 l = 1 . - l A Y l 2 I + l A Y l 1 ) + A W 1 4 1 1 )  
BOOYCO = P N A M E 1 4 )  
C O E F N I I )  = - 1 E 2 O  
C O E F N 1 1 8 9 )  = l E 2 O  
CONSTU = 1.0 E - 6  
CONSU = I € - 6  
ETOL = 0.01 
O T O F F J  = 244 .E4  
€REF = 1 E - 6  
E R L I M T  = 3€-6 
GASFAC = 2 0 . 0 6 4 8 8 1  
ICCl11 =185 
I C C l 2 )  =I85 
I C C l 3 1  = I 8 5  
I C C l 4 1  =I85 
IMOOE = 1 
I N 0 1  II = 2  
I N 0 1  2 l = 3  
I N O l 3 1 = I  
LOOKSW = 711 
MOOOUT = 4 
NEP-8  
NSTAGE = 1 
O S L A T J  = 1 . 6 2 3 4 5  E-3  
O B L A T H  = -5 .75  E -6  
OBLATD = 7.875 E-6 
R C R I T 1 1 1  = 1.0 E+2O 
R C R I l I 2 )  = 1.0 E+8 
R C R I T I 3 )  = 6.14 E + 8  
R C R I T l 4 1  = 9.25 E+8  
R C R I T 1 5 1  = 5.78 E + 8  
R C R I T l 6 1  = 4.81 E + 1 0  
R C R I T l 7 1  = 5.46 E + 1 0  
R C R I T I B I  = 5.17 E + l O  
R C R I T l 9 1  = 8.61 E + 1 0  
R C R I T I I O I  =3.81 E + 1 0  
R C R I T I I I I  =1.60 E+8 
RE = 6 3 7 8 1 6 5 .  
SPO = 8 6 4 0 0 . 0  
S P R O K I  = 2 . 9 5 9 1 2 2 0 8 3  E-4  
STEPMX= 100.0 
STEPS = 1. 
T F I L E  = 1. 
XOOTIII = 1.0 
X P R I M l Z l  = K M A S S I I I I  
XTOL = 5 E - 8  
W R I T E  OUTPUT T A P E  6 9 3  

RETURN 
E N 0  

3 FORMAT l 1 5 H O S T A N O A R O  0 A T A . I  
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C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 

C 
C 

C 
C 

C 
C 

S U 0 R O U T I N E  T E S T T R  
S U B R O U T I N E  T E b T T R  MAY B E  C A L L E D  FOR ONE O F  TWO REASONS, 111 TO T E S T  FOR A N 0  
P O S S l 0 L Y  T R A N S L A T E  THE O R I G I N  (WHEN IMOOE IS + I  OR 12) TO CHANGE THE 
V A R I A B L E S  O F  I N T E G R A T I O N  (WHEN IMOOE IS - 1 -  A T R A N S L A T I O N  OF THE O R I G I N  
OCCURS WHEN THE OBJECT MOVES I N T O  A SPHERE OF I N F L U E N C E  W H I C H  IS SMALLER 
THAN ANY OTHERS IT MAY A L S O  B E  I N -  WHEN I H l S  HAPPENS. T H E  NAME O F  THE NEW 
O R I G I N  IS M O V t O  TO T H E  B E G I N N I N G  OF THE BNAME L I S T  A N 0  ORDER IS 
C A L L E D  TO REOROER T H E  BNAME L I S T .  

COMMON C 

1 I O U T P O T . B  I 3 9 9 1 1  

I M O O E  = IMOOE 
IF I I M O O E I  12,1211 

11 

12 

1 3  

1 4  

1 5  

16 
17 
18 

7 
19 
20 
21 

3 0  

22 
23 

24 
25 
26 
27 
29 
28 

I F  IMOOE 15 i n  T E S T  FOR T R A N S L A T I O N  OF THE O R I G I N .  

DO 4 JB=L,NdOOYS 
I F  I R I J B l - R U C R I T ( J B l 1  2,4,4 

2 I F  ( C H A M P - R t l C R I T l J B l I  4 . 4 . 3  
3 CHAMP = R t l C t l I T I J B )  

4 C O N T I N U E  

5 TRSFER = 1.0 
8 BTEMP = B N A M E l l I  

I CHAMP= 1.E+30 

NCHAMP = J B  

I F  I N C H A M P - I 1  26.26.5 

B N A M E I I I  = n N A M E ( N C H A M P 1  
B N A M E I N C H A M P I  = BTEMP 
T T E S T  = 0. 
R E V S  = 0. 
I F  I O U T P O T I  6.916 

9 W R I T E  OUTPUT T A P E  6r101BNAMEINCHAMP)rBNAME111 

6 C A L L  EPHMRS 
00 I 1  K - 1 . 3  
V X I K )  - V X ( K I - V E F M ( K . N C H A M P 1  
R B I K I  * R B ( K v N C H A M P 1  
X P R l M l K + Z , l ) = V X l K )  
X P R I M l K + 5 . I l = R B l K )  
X P R I M B l K + 2 . 1 1  = 0. 
X P R I M B I K + S I I l  = 0. 
X W H O L E I K I =  V X I K I  
X W H O L E ( K + 3 1  = R B ( K 1  

10 FORMAT l 2 0 H O O R I G I N  IS T R A N S L A T I N G  FROM A 6 1 4 H  T O  A b )  

GO TO 20 

I F  IMOOE IS - I  CHANGE T H E  V A R I A B L E S  O F  I N T E G R A T I O N .  
00 13 K=1,3 
X P R I M l K + 2 , I I = X W H O L E l K l  
XPRlMlK+S.Il=XWHOLE(K+31 
X P R l M B l K + 2 1 1 )  a 0. 
X P R I M B I K + 5 . 1 1  = 0. 
V X I K I  = X W H O L E I K I  
R B I K I  = X W H U L E I K + S l  
GO TO 1 1 6 ~ 1 4 ~ 1 5 1 t l M O O E  
COOE = 5HOR8lT 
IMOOE = I 
GO TO 10 
IMOOE * 3 
GO T O  17 
IMOOE - 2 
COOE = 6 H R E C T A N  
NCHAMP = 1 
I F  I O U T P O T )  2017120 
W R I T E  OUTPUT T A P E  6 , 1 9 1 C O O E  
FORMAT 1 3 3 H O I N T E G R A T I O N  MODE IS C H A N G I N G  TO A 6 1  
GO TO 1 2 1 r 2 b . 2 6 1 . 1 M O O E  
C A L L  C O N V T l  ( VXlAt4Cl  
GK2M= SPROK*~BMASS~NCHAMPI+XPRlM12,~1/~.9866 E + 3 0 )  
C A L L  C O N V T Z  
I F  O R I G I N  T R A N S L A T I O N  CAUSES P A T H  TO L I E  NEAR A N  ASYMPTOTE. CHANGE 
I N T E G R A T I O N  V A R I A B L E S  TO RECTANGULAR I F  T H E Y  ARE ORBIT ELEMENTS. 
IF I O R B E L S I I I - 1 . )  24t24.22 
I F  lABSFlTRUl-2~3/S9RTFlORBELSll~ll 24.24123 
ASVMPT = 1.0 
tn  Tn 1 5  ._ . -  _ _  
00 2 5  J=1,6 
X P R I M I  J + Z v  1) 
I F  ( T R S F E R I  
C A L L  I N P U T  I 
C A L L  ORDER 
R E T U R N  
E N 0  

- O R B E L S I J )  
27.28.27 
I O l . C s T A B L E )  



c 
C 
c 
c 
C 
c 
C 
c 

c 

c 

c 

c 
c 
c 
c 
c 
C 
C 
c 
C 
C 
c 

c 

c 

C 

S U 0 R O U T I N E  THRUST 
T H I S  R O U T l N t  COMPUTES X.Y.2 THRUST A C C E L E R A T I O N S .  THE THRUST VECTOR 15 
ASSUMEO C O I N C I D E N T  W I T H  THE L O N G I T U N O I N A L  A X I S  O F  THE V t H I C L E .  WHICH IS 
O R I E N T E U  TO THE R E L A T I V E  WINO V E L O C I T Y  B Y  THE ANGLE OF ATTACK I A L P H A I  A N 0  
THE R O L L  A N t i L E  I B E T A I .  ALPHA IS ASSUMEO T O  BE A Q U A D R A T I C  F U N C T I O N  U F  T I M E  
HHEREAS B E T A  I S  ASSUMEO TO BE CONSTANT. 
R E V O L V  IS THE EARTHS R O T A T I O N  R A T E  I N  R A O I A N S / S E C  1 7 . 2 9 2 1 1 5 8 5 E - 5 1  A N 0  THE 
FACTOR 8 5 8 9 9 3 4 5 9 2 . ~  2 * * 3 3  15 REMOVE0 TO PREVENT OVERFLOW. 

COMMON C 

O I M E N S I O N  A I 6 0 0 1 1  0 1 7 0 0 1 ~  C140001. 
1 F O R C E 1 3 1 .  P A R l 3 l n  V A T M l 3 l ~  P I 3 1 ,  I N O 1 3 l r R A M C l 5 1 r R B l 3 l . X o  

E Q U I V A L E N C E  
I I A  .C I I I I I ~ I A E X I T  r0 I 3 1 l ~ l A L P H A  ,A 1 49111 
216 .C 1 1 1 1 1 1 1 ~ 1 0 E T A  * A  I ~ O I I . I C O S A L F I B  I 4811, 
31COSBET.0  I 4 9 l I v l E X I T A  r0 I 3 9 2 l l . l F L O W  s 0  I 5 ) ) .  
4 l F O R C E  10 I 6 6 l l . I I N O  .A I 6 0 1  
5 l P M A G N  r B  I 5 0 l l ~ l P R E S S  90 1 3 3 1  
6 1 P U S H O  - 6  I 3 9 1 1 1 , l P U S H  .A I 1 6 6 1  
7 l R A T M O S . B  I 2 3 1 1 , I R B  .0 1 1 9 3 1  
B I R  .B I 1 0 2 l l ~ I R S Q R O  10 I 4 5 1  
9 I S I N A L F . B  I 4 6 1 1 1 1 S 1 N B t T t B  1 471 

E Q b l V A L E N C E  
1 l V Q  .B I ~ O O I I I ~ V P S Q R O ~ B  I 1 0 1 1  
2 l V Y  ,0 I 9 3 l l v l V Z  t B  I 9 4 1  

S I N B E T  = S I N F I B t T A / 5 7 . 2 9 5 7 7 9 5 I  
C O h 0 E T  = C O S F I B E T A / 5 7 . 2 9 5 7 7 9 5 1  
V A T M l l l = V X + K E V O L V ~ R B l Z l  
V A T M l 2 l = V Y - K E V O L V * R B I I I  
V A T M I 3 I = V Z  

3 C A L L  C O N V T 1 I V A T M ~ R A M C I  
4 ALPHA = Q U A U I X I 1 1 ~ 1 1 / 5 7 . 2 9 5 7 7 9 5  

S I N A L F = S I N F l A L P H A l  
C O S A L F = C O S F l A L P H A l  ... ~ 

00 1 J 1 = 1 . 3  
J Z = I N O I J l )  
J 3 = I N O I J 2 1  

PMAGN= S P R T F I P I 1 l * P l 1 l + P l 2 ~ . P o + P L 3 ) . P 1 3 ) )  
PUSH = P U S H O - t X I T A * P R E S S  
TOPMAG = P U ~ H / P M A G N / X 1 2 1  
R 4  = S I N B E T / V Q  
R 5  = C O S A L F I R A M C l 4 1  
00 2 J 1 = 1 . 3  
J Z = I N O I J 1 1  
J 3 =  I NO1 J 2 1  
P A R l J l I = P l J L l * V A T M l J 3 1 - P ( J 3 ) . V A T M ~ J 2 ~  

I P I J 1 1  = I V A T M l J Z I * R A M C l J 3 l - V A T M l J 3 ~ ~ R A M C l J 2 l ~ / 0 5 ~ 9 9 3 4 5 9 ~ ~  

2 F O R C E I J l I  = T U P M A G ~ I S I N A L F ~ l C O S B E T ~ P l J l l + R 4 . P * R o ) - R 5 ~ l P l J Z ~ ~  
1 RAMCIJ31-PlJ31~RAMClJ2ll~ 

RETURN 
E N 0  

S U B R O U T I N E  TUOES 
T H I S  R O U T l N t  C O M P U T t S  T H E  RECTANGULAR P O S I T I O N  A N 0  V E L O C I T Y  COMPONENTS 
YITH RESPECT T O  THE E A R T H  MEAN E Q U I N O X  AND EQUATOR OF 1950.0 FROM THE 
L A T I T U U E .  LUNGITUOE.  A Z I M U T H I  E L E V A T I O N ,  A L T I T U O E t  T O T A L  V E L U C I T Y .  AN0 
TIME. ALSO. WHEN T K I C K  DOES NOT EQUAL ZERO, A NON-DRAG V E R T I C A L  S T t P  OF 
S I Z E  T K l C K  IS MADE I N  C L O S E 0  FORM I S T A T E M E N T S  Z TO 41. THE I N T E G R A T I O N  
W I L L  THEN 0 t G l N  AT T I M E  EQUAL TO T I M E + T K I C K  WITH THE O R I E N T A T I O N  S P t C l F l E O  
BY THE A B O V t  FOUR ANGLES AND THE COMPUTED V A L U E S  OF A L T I T U U E  A N 0  V E L O C I T Y -  
FOR THE C L O 5 E U  FORM A P P R U X I M A T I O N I  A CONSTANT FLOW R A T E  I F L O W I t  VACUUM 
S P E C I F I C  I M P U L S E  I S I M P I  A N 0  E N G I N E  E X I T  AREA I A E X I T I  ARE ASSUMEO KNOWN- 
THE A T M O S P H t R l C  PRESSURE I S  TAKEN TO BE THE SEA L E V E L  V A L U E -  

COMMON C 

D I M E N S I O N  A 1 6 0 0 1 .  8 1 7 0 0 ) .  C 1 4 0 0 0 1 ~  
1 S I N A l 4 1 .  C O S A l 4 1 .  A N G L E 0 1 4 1 .  X P R I M l 2 O O I  

E Q U I V A L E N C E  
l l A  I C  I 1 I ) I . l A E X I T  10 I 3 l I . l A L T  r A  I 411, 
2 l A Z I  S A  I 3 5 1 I r l B  t C  1 1 1 1 1 I l ~ l O T O F F J ~ A  I 2 3 1 ) ~  
3 l E L E V  .A I 3 6 1 1 , l F L O W  I 511,lGKZM .B I 3 6 1 1 ,  
4 l L A T  ,A I 3 3 1 1 r l L O N G  .A I 3 4 ) 1 . 1 0 0 L A T J , A  I 2 6 1 1 ,  
5 1 0 0 L A T N l A  I 401111Rt r A  I 2 5 l l . l R E S O R O . 0  I 7 1 1 9  
L ( R 0 T A T E . A  I 3 9 ) I . l S l M P  .0 1 2 l I . l S P O  .A I 4411, 
7 1 S T E P G O r A  I 4 1 l l . I S T E P N O . A  I 4 2 1 1 . I T K I C K  r A  I 15llr 
B I T O F F T  .A I 2 4 l l . l V E L  ,A I 3 7 1 l ~ l X P R I M  r C  I 7 1 1 1 1 .  
910UTPOT.B I 3 9 9 1 1  

E Q U I V A L E N C E  l Q L A T . L A T I r l  Q L U N G i L O N G I  
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A L T 1  = 0. 
V E L l  = VEL 
D E L 1  = 0. 
D E L  = 0. 
A S S I G N  I TO NGO 
DAYS = O T O F F J  - 2 4 3 3 2 8 2 . 5  
GREEN = MOUFlL00.0755426+.9~5647346OAYS+2~9Ol5E-l3OAYS~ 
1+7.292115B5E-5*1TUFFT.SPU+XPRlMl1ll.57.2957795r360.l 

C 
C 
C  
C 
C  
C 
C 
C 
C  
C 
C 
C 
C 
C 
C 
C  
C 
C 
C  
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C  
C  
C 
C 
C 

C  

b.2 

S I N A I L )  = S I N F l Q L A T / 5 7 - 2 9 5 7 7 9 5 1  
I F  I O B L A T N I  1 0 2 r 1 0 1 1 1 0 2  

GO TO 8 

GO T O  8 
1 X P R l M l 6 1  = C O S A l 2 ) . C O S A I I l . R A D I U S  

X P R I M I T I  = ~ I N A I 2 I * C O S A l 1 1 . R A O I U S  
X P R I M I B I  = S I N A l I ~ * R A O I u S  
RMASSO = X P R l M l 2 1  
X P R I M I Z I  = X P R l M l 2 l - F L O W . T K I C K  
I F  I O U T P O T )  12.11.12 

101 R A O I U S  * RE + A L T  

1 0 2  RAOIUS=6356783.2B/SURTFl.9933O657B3+.OO669342~6B5~SlNAllI~~2l+ALl 

11 W R I T E  OUTPUT T A P E  6 ~ 3 , S T E P G D 1 S T E P N O ~ L A T l L O N G I A Z I t E L E V l d L T l X P R 1 M 1  
~ ~ I ~ V E L I R M A S S O ~ I X P R ~ M I J I . J = ~ , ~ I  

3 FORMAT16HOSlEP=F5.1ZH +F4. ,4X16H L A T . = l P G 1 5 . B 1 7 H  LONG.=G15.B16H AZ 
11.=G15.8.7H ELEV.=G15.B16H ALT.=G15.8/6H T I M E = G 1 5 . 8 , 6 H  VtL.=G15.B, 
6 7 H  R U A S S = G 1 5 . B 1 4 X , 2 H X = G 1 5 . 8 1 5 X , Z H Y = G 1 5 . B , 4 X ~ 2 H Z = G I 5 . B I  

12 I F  I T K I C K )  L . 5 0 ~ 2  
2  X P R I M I I I  = X P R I M I l I + T K I C K  

81 = L O G F I R M A S S O / X P R l M l Z l l  
S I U P S L  = SlMP-AEXIT/FLOW*10332.275 
V E L l  = VEL+~IMPSL.9 .80665*Bl -G-TKlCK 
A L T l  = T K I C K ~ I V E L - G ~ T K I C K / Z . + 9 . B O 6 6 S ~ S l U P S L . ( I ~ - B ~ ~ X P R l M l 2 l /  

I l R M A S S O - X P R l M l 2 l l l )  
4 R A D I U S  = R A U I U S  + A L T l  

GREEN = G R t E N  + 7 .292115B5E-5*TKICK*57 .2957195  
A S S I G N  5  TO NGO 
GO T O  8 

5  X P R l U l 6 1  = L O S A l 2 l ~ C O S A l I I * R A u I U S  
X P R I M 1 7 1  = ~ I N A l 2 ) * C O S A l 1 1 * R A O I U S  
X P R I M I B I  = S I N A l I l * R A O I U S  

5 0  IF I O B L A T N I  6.7.6 
6  D E L 1  = A T A N F l I C Z - 1 . ~ / l C 3 - 1 ~ I + S I N d ( l l l / C O S A l l ~  
7  D E L 2  = RAOIUS/G~SINAlll*COSAl~l*ROTATE*ROTAl 

DEL = D E L 1  + D E L 2  
A S S I G N  10 TU NGO 

A N G L E 0 1 2 1  = PLONG + GREEN 
B A N G L E B I I I  = P L A T  t D E L  

A N G L E 8 1 3 1  = A 2 1  
A N G L E 0 1 4 1  = E L E V  
DO 9  1-1 .4  
S I N A I I )  = SINFlANGLEBllI/57.2957795) 

9 C O S A I I )  = COSFlANGLEBII)/57.29577951 

1.57 .2957795-Ql  
. E * 5 7 . 2 9 5 7 7 9 5 L  

.AT 

C 1  = 5 . * R E S U R O / R A D I U S / R A O l U S ~ O B L A T J  
C 2  = C I * l S I N A I I l * S I N A I 1 1 - . 6 1  
C 3  = C 1 * 1 S I ~ A I I I * S I N A I 1 1 - . 2 1  
G = G K 2 M / R A U I U S / R A D I U S  
GO T O  NGOt  1 1 t 5 1 L 0 1  

COS2 = C O S A l 4 l * S I N A 1 3 1  
X P R l M l 3 1  = VELI~lCOS1~COSAl21-COS2~SlNAl2ll-XPRIMl7lrROTATE 
X P R l M l 4 1  = VELI~lCOSl~SINAlZl+COS2~COSAl2ll+XPRlMl6l~ROTATt 
X P R I U I S )  = VEL1~lSINAlll*SINAl4l+COSAlll~COSAl3~*COSAl4~l 
RETURN 
END 

10 C O S 1  = COSAl11*SINA141-COSA141*COSAI3~~SlNAl11 

S U B R O U T I N E  TAPE 
SUBROUTINE I A P E  USES THE MASTER MERGED E P H E M E R I D E S  TAPE I T A P t  9  AT L E W I S )  
TO C O M P I L E  A  WORKING E P H E M E R I S  TAPE I T A P E  3  AT L E W I S )  WHICH C O N T A I N S  ONLY 
THAT DATA N t E D E U  AT E X E C U T I O N  T I M E .  THIS M I N I M I Z E S  TAPE H A N D L I N L  D U R I N G  
EXECUTION.  2  E P H E M E R I S  F I L E S  ARE ON TAPE 9. FIRST F I L E  H A S  UATA ANU I S  
I U E N T I F I E U  d Y  THE SECDNO WORD OF EACH 2 5 4  WORU R t C O R O  ( F I R S T  WORU IS THE 
OUMUY FORTHAN C O M P A T I M L E  WORO. SECOND WOR0=21. THE SECOND F I L E  IS ONLY 2  
UORDS LONG, F I R S T  WORO IS FORTRAN C O M P A T I B L E ,  SECOND WORD=31.  
MASTER F I L E  1 -- P L A N E T S  [ E X C E P T  MERCURY AND E A K T H I r  SUN, MOUN, AND 

EARTH-MOON BARYCENTER FROM SEPT.25, 1 9 6 0  TO ABUUT 2 0 0 0 .  
EACH E P H E M E H I S  C O M P I L E 0  K E Q U I R E S  A  SET OF I N P U T  300 DATA. THE F I R S T  P I t C t  
OF DATA k R l T T E N  ON A  F I L E  IS THE F I L E  I D E N T l F l C A T l O N  NUMtIERt  F I L t .  EACH 
F I L E  IS NUMBEREU C O N S t C U T I V E L Y  S T A R T I N G  WITH F I L E = 1 .  S I N C E  MUUN DATA IS I N  
TERMS OF E A K T H  R A D I I .  THE C O N V E R S I O N  OF MOON D A T A  TO A-U.  I S  M A D t  B t F D R t  
W R I T I N G  ON T A P E  3. THE COUMON U S E U  I N  S U B R O U T I N E  TAPE IS L O C A L  A N 0  A L L  
BUT T A P E 3  IS C L E A R E D  BY A  F I N A L  C L E A R I N G  LOOP. 
F U N C T I O N  C O M P A R F I A r O l  IS E Q U I V A L E N T  TO ( A - 8 1  BUT WILL NOT OVERFLOrl. 
NORMAL I N P U T  - E L I S T I  T B t G I N v  TEND. T A P t 3  

ELIST- 

TMAKE- 

TUAOE- 
TBEGIN- 
TENO- 
I N T V A L -  

EOATE- 
E R T O A U -  

THE BCO L I S T  OF E P H E M E R I S  DATA NAMES TO B E  P L A C t D  ON 
TAPE 3  . THE NAMES ARE READ FROM CARDS, A N 0  I S  USEO TO 
MAKE THE TMAKE LIST. E L I S T  IS NOT C H A N G t U  I N  STORAGE U N T I L  
THE F I N A L  C L E A R  FOR THIS SUBROUTINE.  
THE L I S T  O F  E P H E M E R I S  NAMES W I T H  D U P L I C A T E S  DROPPED AND 
ZERO SPACES C L O S E 0  IN. A S  THE E P H E M t R I O E S  ARE F l N l S H t O  THE 
NAUES ARE ERRASEO FROM T H I S  L I S T .  
L I K ~  TMAKF RUT IS HFI n FnR n i n p i n .  
~HE-EEGINNINE D ~ T E  - E i ~ ~ i s s i t i  A; A JULIAN DAY. 
E N D I N G  D A T E  EXPRESSED AS A  J U L I A N  DAY. 
THE APPROX. NUMBER OF OAYS COVERED B Y  ONE SET OF C O t F F .  IT 
IS USED TO O E C I D E  Y H l C H  DATA ARE TO BE ENTERED UOUBLE. THE 
OOUtILE E N T R I E S  P E R M I T  F A S T E R  O P E R A T I O N  I F  R E V E R S A L  OF 
I N T E G R A T I O N  IS R E Q U I R E D  FOR ANY REASON. 
J U L I A N  E N D I N G  D A T E  FOR THE MASTER EPHEUERIS.  
E A R T H  R A D I I  PER A.U. 

COMUON C 
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C 

C 
B 

C 
C 
C 

C 
C 

C 
C 
C 

C 
C 
C 

C 
C 

C 

C 

C 

O I M E N S I O N  
I c 1 7 0 0 1 *  TMAKE 1 1 2 1 .  LIST 1 3 0 1 ,  
2 EOATE 1 1 2 1 r  I N T V A L  1 3 0 1 9  K T A G  1 1 2 1 .  
3 E L I S T  I l I I t  TMAOE 1 1 2 1 .  I N T V A  121, 
4 PNAME 1 3 0 1 ,  TOATUM I 2 5 2  I v OATUMT 1 2 l r 1 2 I  

E Q U I V A L E N C E  
1 1  T A P E 3 . C l  2 1 1 r l E R T O A U I C l  3 l l r l  K T A G I C I  411.1 F I L E , C l  1611~ 
21 E L I S T I C (  1 7 1 1 r l T B E G I N I C l  2 9 1 1 , l  . T E N 0 , C I  30llrl P N A M E v C I  3111, 
31 KHAMP.Cl  6111.1 TMAOE.Cl 73)lrl T M A K E v C I  8 5 l l ~ ~ T O A T U M ~ C l 4 4 1 l l r  
4 t  E O A T E ~ C ~ 1 2 7 ~ l r l I N T V A L ~ C l 1 5 7 ~ l ~ l  INTVA~Cl1561l~lOATUMT~Cll89lI 

1 

2 

8 

3 
10 

20 

4 

5 

6 

7 
9 

11 

1 2  

13 

1 4  

C O M P A R F I A , B l  = l A + B l * 1 - 1 A + B 1 1  
R E Y I N D  3 
00 1 K = l r 4 0 0 0  
C I K I  = 0.0 

THE F O L L O W I N G  NH STATEMENTS L O A 0  THE BODY NAMES I N T O  THE MACHINE.  
NOTE. T H E  E A R T H  IS NOT I N  THIS L I S T  I N 0  E P H E M E R I S  FOR E A R T H - I  
P N A M E I I I  = 3HSUN 
P N A M E ( 2 1  = LHMERCUR 
P N A M E l 3 1  = 5HVENUS 
P N A M E l 4 1  = 4HMARS 
P N A M E I S I  = 6 H J U P I T E  
P N A M E l 6 1  = 6 H S A T U R N  
P N A M E l 7 I  = LHURANUS 
P N A M E I 8 I  = L H N E P T U N  
P N A M E 1 9 1  = 5 H P L U l U  
P N A M E l A O I =  4HWOON 
P N A M E I 1 1 1 =  6HEARTHM 

PART 2. SET UP J U L I A N  D A T E S  E N D I N G  EACH E P H E M E R I S -  
E D A T E I I I  = 2 4 5 1 8 7 2 . 5  
E O A T E l 3 1  = 2 4 5 1 8 4 8 . 5  
E D A T E 1 4 1  = 2 4 5 1 0 2 0 . 5  
E D A T E I S 1  - 2 4 7 3 5 2 0 . 5  
E D A T E 1 6 1  = 2 4 7 3 5 2 0 . 5  
E O A T E l 7 1  = 2 4 7 3 5 2 0 . 5  
€ D A T E 1 8 1  = 2 4 7 3 5 2 0 . 5  
E D A T E 1 9 1  = 2 4 7 3 5 2 0 . 5  
E D A T E I  101= 2 4 4 0 9 1 6 . 5  
E O A T E l I I l =  2 4 5 1 8 4 8 . 5  
I N T V A  = 3 0 0 0 0  
I N T V A L I I I  = 8 
I N T V A L 1 2 1  = 5 
I N T V A L l 3 1  = 15 
I N T V A L l 4 1  = 44 
I N T V A L l 5 1  = 3 3 0  
I N T V A L 1 6 1  = 8 2 5  
I N T v A L l 7 1  = 1 2 1 1  
l N T V A L l 8 l  1 1 7 2  
I N T V A L l 9 1  = 1101 
I N T V A L l 1 0 1  = 2 
I N T V A L I I L I  = 15 
F I L E  = 1. 
ERTOAU = 4 . 2 6 5 4 6 5 1 2  E-5  
MOON = 0 
LI = 1 

1 1 / 2 4 / 0 0  
1 0 / 3 1 / 0 0  

7 / 2 6 / 9 8  
2 0 6 0  
2 0 6 0  
2 0 6 0  
2060 
2 0 6 0  

1 1 / 2 6 / 7 0  
1 0 / 3 1 / 0 0  

PART 2 8 .  C A L L  I N P U T  A N 0  SEE I F  T A P E  IS TO B E  MAOE. I N P U T  MUST A L Y A V S  
MAKE TAPE310.O I F  T A P E  IS TO B E  MAOE. 

T A P E 3  = 3. 
C A L L  I N P U T I ~ O O , C I L I S T I  
I F  ( T A P E 3 1  6 3 . 3 ~ 6 3  
I F  ( F I L E - 1 . 1  20~10.20 
C A L L  S K F I L E l 9 . 2 1  

PART 3. T A P t  IS TO B E  MAOE SO MOVE E P H E M E R I S  LIST TO TMAKE A N 0  
TO T M A l J t  I F O R  O U T P U T I ,  CANCEL ANY ZERO OR O U P L I C A T E  NAMES. 

KOUNT = I 
00 6 K = l . l l  

T M A O E I K I  = 0. 
DO 5 J=l.KOUNT 
I F  ICOMPARFIELISTIKI~TMAKEIJ-1111 5 . 6 7 5  
CONT I N U E  
T M A K E I K O U N T I  = E L I S T I K I  
T M A O E I K O U N T I  = E L I S T I K I  
KOUNT = K O U N T + I  
CONT I N U E  

T M A K E I K I  = 0- 

KOUNT = KOUNT - 1 

PART 4. F I N O  I N P U T  ERRORS. 
I F I T B E G I N - 2 4 3 7 2 0 2 . 5 )  6 6 . 9 9 9  
KM = 2 
ERROR = 0 .  
W R I T E  T A P E  3 , F I L E  
DO 2 1  J = l . K O U N T  
K T A G I J I  = 0 
DO 1 3  K = l r 2 0  
I F  I C O M P A R F l P N A M E I K I ~ T M A K E l J l l l  1 3 ~ 1 6 . 1 3  
C O N T I N U E  

PART 5. P R I N T S  OUT THE M I S S P E L L E D  NAMES A N 0  OTHER ERRORS. 
P R I N T  15. T M A K E I J I .  T B E G I N I  T E N 0  
WRITE OUTPUT T A P E  6 , 1 5 ,  T M A K E I J I ,  W E G I N .  T E N O ~ I P N A M E I K I s  

I E D A T E I  K I .K= I .  2 0 1  

I T €NO= F 1 0 . I / / Z 1 2 X . A 6 . F 2 0 . 1 1 1  
15 FORMAT1 2 3 H  TROUBLE ON T A P E  3 MAKE / Z X . A 6 , l O H  T B E G I N =  F l O . I . 8 H  

ERROR = 1. 
GO ro  21 



C 
C 

C 
C 
C 
C 
C 

C 
c 

c 

c 
C 
c 

C 
C 
C 
c 

c 
c 
C 
C 
c 
c 
c 

PART 40.  C H t C K S  DATES AND STORES I N D E X  FOR MOON SO THAT EARTH 
R A O I I  CAN B t  CONVERTED T U  A.U. 

16 I F  1 1 0 - K )  18.17.10 
1 7  MOON = J 
10 K T A G I J I  = K 
19 I F  I E O A T E I K I -  T E N 0 1  14.21121 
21  CONTINUE 

A S S I G N  3 6  T O  N S l  
I F  (ERROR) 2 2 1 2 2 . 6 0  

PART 6. F I X  UP A TAG ( K T A G I  TO I N D I C A T E  WHETHER TO ENTER DATA DOUBLE OR 
NOT. KHAMP WILL BE SHORTEST I N T E R V A L -  KTAG WILL BE NON-ZERO I F  
ANY DATA ENTERS MORE THAN ONCE FOR 10 E N T R I E S  OF THE MOST 
FRFOl lFNT OATA. . 

22 KHAMP = I N T V A L I O )  
00 2 3  J=I.KOUNT 
K = K T A G I J I  
KHAMP = X M I N O F i K H A M P . I N T V A L l K l 1  

KHAMP = KHAMP .I0 
00 24 J=I,KOUNT 
K = K T A G I J I  

23 CONTINUE 

24 K T A G I J )  = I N T V A L ( K 1  I KHAMP 

PART 7. LOCATE F I L E  2 ON TAPE 9. 
2 5  READ T A P E  91 K F l L E  
2 6  I F  I K M - K F I L t I  2 7 r 3 1 1 2 9  
2 7  I F  ( K F I L E  - 3 1  20128129 
28 BACKSPACE 9 -. ~ . . ._ 

BACKSPACE 9 
C A L L  B S F I L E i 9 1  
GO TO 25 
BY PASS A F I L E .  

GO TO 25 
29 C A L L  S K F I L E ( 9 1  

PART 0. T H 1 h  15 CORRECT F I L E  ON TAPE 9. READ DATA. THERE CAN BE UP 
TO 12 SETS OF DATA PER RECORD. A SET OF DATA 15 2 1  YOROS. 

31 BACKSPACE 9 
32 READ T A P E  9. K T A P E . I T D A T U M I I 1 .  1 - 1 . 2 5 2 )  

36 

3 7  
38 

39 
40 

41 
42 

43 
44 
4 5  

46 

4 7  

4 0  

4 9  
5 0  
5 2  

5 3  

54 
55 
5 6  
5 7  
5 8  
5 9  

60 

GO TO N S l v  ( 3 6 . 4 6 1  

PART 9. IS THIS A SATISFACTORY S T A R T I N G  P O I N T .  W E S T I O N  MARK. 
THE 1ST SET OF DATA FOR EACH PLANET MUST PRE DATE TBEGIN. 
PART 9 IS EXECUTED ONLY ONCE. 
DO 4 2  J-LI IKOUNT 
00 37 K - l r Z 3 2 , 2 1  
I F  ICOMPARFllUATUMiKlrTMAKEIJII) 3 7 . 3 9 . 3 7  
CONTINUE 
L I  = J 
BACKSPACE 9 
BACKSPACE 9 
GO TO 32 ._ ~ ._ 
I F  lTOATUMlKtll-TOATUMlK+2l-TBEGlNl 40.40138 
00 41 K J = l . L l  
K I  = K t K J  - 1 
0 A T U M T I K J . J I  = T D A T U M I K 1 1  
CONTINUE 
I F  (MOON) 43.45.43 
00 44 K J = 4 , 2 1  
OATUMTIKJIMUONl = DATUMTIKJ,MOONI.ERTOAU 
A S S I G N  46 TO N S 1  

K I  = K t K J  - 1 
0 A T U M T I K J . J I  = T D A T U M I K 1 1  
CONTINUE 
I F  (MOON) 43.45.43 
00 44 K J = 4 , 2 1  
OATUMTIKJIMUONl = DATUMTIKJ,MOONI.ERTOAU 
A S S I G N  46 TO N S 1  

PART 10. PUT AWAY NEEDEO DATA. T E S T  NAME, T I M E  OF B E G I N  A N 0  tNU.  DO NOT 
WRITE TAPE 3 U N T I L  T B E G l N  PREDATES THE E N 0  OF THE F I T T E O  
INTERVAL.  5 0  REPEATS OLD DATA. 5 7  WRITES NEW UATA. T H t  NAMES 
A R E  FRACEO FROM TMAKF AS SOON AS THE DATA POST DATES TENO. YHEN - . __. . 
A L L  NAMES ARE GONE, RETURN TO I N P U T  300 TO SEE I F  ANOTHtR 
EPHEMERIS IS TU BE CONSTRUCTED. 

00 6 5  K = 1 . 2 3 2 . 2 1  
00 4 7  J=l .KUUNT 
I F  i C O M P A R F i T D A T U M l K l r T n P I I ( E I J L ) I  4 7 1 4 8 . 4 7  
CONT I N U E  
GO TO 6 5  
SYT = T B E G I N - T D A T U M l K + 1 I - T O A T U M l K * 2 1  
I F  I S W T I  4 9 1 4 9 . 5 2  
I F i K T A G l J I )  50.52.50 
WRITE TAPE 3 . l O A T U M T i K J . J )  1 K J - 1 1 2 1 1  
DO 5 3  K J = l r 2 1  
K L  = K + K J  
D A T U M T i K J . J I  - T D A T U M I K I - 1 1  
I F  (J-MOON) 5 6 . 5 4 . 5 6  
DO 5 5  K J  = 4 . 2 1  
O A T U M T ( K J , J I  = D A T U M T I K J , J l * E R T O A U  
I F  ISYTI 5 7 , 5 7 . 5 8  
WRITE TAPE 3,1DATUMTIKJ,J),KJ=lr211 
I F ~ T E N O - O A T U M T I 2 ~ J ~ - O A T U M T l 3 ~ J l ~  5 9 , 5 9 1 6 5  
T M A K E i J I  = 0. 
DO 60 KK=l ,KOUNT 
I F  I T M A K E I K K ) )  6 5 r 6 0 . 6 5  
CONTINUE 
W R I T E  OUTPUT TAPE 6 .  61. FILE.TBEGINITEND. K O U N T I I T M A D E I K K ) ~  

GO TO 2 

R E M I N D  3 
REMIND 9 

63 WRITE TAPE 3, F I L E  

T A P E 3  - 3. 
DO 64 J=3.4000 

6 4  C I J I  = 0. .... 
RETURN 

C 



C O N T I N U E  65 

66 

61 
68 

B S F I 1  .E 

GO TO 32 
P R I N T  67. T B E G I N  
U R I T E  OUTPUT T A P E  6 . 6 7 1 T B E G I N  
F O R M A T 1 3 3 H  T B t G I N  P R E O A T t S  2 4 3 7 2 0 2 . 5 . 1 T  IS F l O . 1 1  
C O N T I N U E  
R E Y I N O  9 
E N 0  

REM B S F 1 L E I I . J J  B A C K S P A C E S  T A P E  I U N T I L  I T  IS P O S I T I O N E D  J U S T  
REM B E H I N O  T H E  
REM 
E N T R Y  E S F I L E  
P Z E  
P Z E  
P Z E  
EGO l B S F I L k  
sxo .-4,1 

J T H  

E T 1 1  

B S F  

6112 

B A C K  

CHECK 

E R R  

S X O  .-4.2 
sxo  .-4.4 
XEC* S I T E S 1  
T 5 X  I l K E R I . 4  
L X O  B S F I L E - 2 9 4  
CLA. 1.4 
T S X  S I 1 0 5 1 ~ 4  
CLA. S I R D S I  
S T A  BSF 
ANA A 0 7 0 0 0  
S T A  B T T l  
S T A  B T T 2  
L X O  B S F I L E - 2 9 4  
G A L  2.4 
ANA = 0 7 7 7 7 7 7 7 0 0 0 0 0  
E R A  = 0 0 0 7 4 0 0 0 0 0 0 0 0  
TNZ ONEARG 
CLA. 2,4 
TZE B A C K  
POX . I  
AXC * + A s 4  
XEC. SIICOI 
B T T A  .* 
TRA *+A 
B S F A  * *  
XEC. LIMOS1 
X E C *  S l t l S R I  
AXC .+1.4 
XEC. S I T C O I  
B T T A  * *  
T R A  CHECK 
T I X  ESF.1.1 
XEC. SIROSI 
AXC *+1.4 
XEC. 5lTCOl 
AXC * + l r 4  
XEC. S I T R C J  
NOP 
A X C  * + I 1 4  
XEC. S l T E F l  
NOP 
L X O  B S F I L E - 4 . 1  
L X O  B S F I L E - 3 . 2  
L X O  B S F I L E - 2 . 4  
TRA 3 . 4  
T X L  B A C K . I . 1  
L X O  B S F I L E - 2 . 4  
C L A  E R R + 1  
S T O  0 
C L A *  1.4 
LOO* 2.4 
T S X  8 . 4  
T X I  BACK,Ow14 
P Z E  B S F I L E - Z v O v E R R  

ONEARG C L A  B S F I L E - 2  
A 0 0  =01000000 
STO B S F I L E - 2  
L X D  CHECK.1 
T R A  B T T 1 - 2  

E N 0  
A07000 OCT 7 0 0 0  

EOF MARK. 

72 



S K F I L E  

GOGO 

LOOP 
ROS 

BUMP 

ONEARG 

REM S K F  
REM 
ENTRY 
P Z E  
P Z E  
P Z E  
S X O  
S X O  
sxo 
T S X  
T E F A  
T E F B  
L X O  
CLA. 
T S X  
L X O  
C A L  
ANA 
ERA 
TNZ 
CLA. 
T Z E  
SUB 
XEC. 
TCOA 
TCOB 
T E F A  
T E F B  
TRA 
TNZ 
L X O  
L X O  
L XO 
NOP 
TRCA 
TRCB 
TRA 
C L A  
A 0 0  
S T O  
PXO 
TRA 
E N 0  

I L E ( I I J l  S K I P S  TAPE I OVER J EOF MARKS. 

S K F I L E  

*-3 , l  
-3 .2  
.-3.4 
I I R E R )  v 4  
. ,I  
.+A 
S K F I L E - l r 4  
1.4 
1 1 1 O S ) , 4  
S K F  I L E -  1 4 
2,4 
= 0 7 7 7 7 7 7 7 0 0 0 0 0  
= 0 0 0 7 4 0 0 0 0 0 0 0 0  
ONEARG 
2 1 4  
B U M P + I  

CHECK L A S T  REAO 

P I C K  UP THE T P E  NUMBER 
SET UP THE T A P E  AOORESSES 
L O A 0  IT AGAIN--MAN 
IS THERE A SECONO ARGUMENT 

NO SECONO ARGUMENT 
P I C K  UP THE SECOND ARGUMENT 
010 SOME DUMMY WANT NO F I L E S  

=01000000 
S l R O S 1  REAO THE T A P E  

BUMP 0 1 0  WE H I T  
BUMP AN E N 0  OF F I L E  
Rob GO REAO SOME MORE 
LOOP 
S K F I L E - 3 . 1  
S K F I L E - ~ I ~  
S K F  I L E - 1 . 4  

.+1 TURN OFF T A P E  CHECK 

. + I  
3 . 4  
S K f  I L E - 1  
=01000000 SET UP XR4 FOR PROPER RETURN 
S K F  I L E - 1  
o r . 0  
R O S  

SET UP FOR ONE F I L E  

CDUNT 1 2 0 0  
REM I N P U T  R O U T I N E  U S I N G  A R I T H M E T I C  STATEMENTS. CF NASA T N  0 - 1 0 ' 3 2  
L B L  I N P U T . 6  
ENTRY I N P U T  
REM T H I S  15 S U B R O U T I N E  INPUT.  ITS C A L L I N G  SEQUENCE 
REM C O N T A I N S  THREE ARGUMENTS--AN I O E N T I F I C A T I U N  
REM CODE NUMBER, THE F I R S T  L O C A T I O N  R E L A T I V E  TO WHICH 
REM A L L  DATA IS TO B E  LOAOEO. AN0 THE F I R S T  L O C A T I O N  
REM OF A T A B L E  TO B E  U S E 0  BY T H E  R O U T I N E -  
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 

I N T A P E  P Z E  
OUTAPE P Z E  

I N O X  P Z E  
P Z E  
P7F . _ -  
BC I 

I N P U T  SXO 
S X O  
S X O  
NZT. 
TRA 
C L A  
A 0 0  
S T A  
S T A  

I N C L U O t O  I N  T H I S  ASSEMBLY ARE S U B R O U T I N E S  
1 I N P U T  
2 LHRCTR 
3 G L E A R  
4 LOMPAR 
5 ERROR 
6 LOOK 
7 NAME 
8 NUMBR 
9 STORE 

10 T A B L E  
11 T E S T  
1 2  ACCUM. F I X .  FLT.  B I N A R Y  
1 3  P R l N X  
14  REAO- 

0 . 1 7  L E W I S  I N P U T  TAPE NOT STO. 
0.,6 FORTRAN STANDARD OUTPUT T A P E  

STORAGE FOR I R A  
I RB 
I R C  

1 . INPUT 
1 N U X . l  
I N U X + I  2 
I N O X + 2 r 4  
1.4 
4.4 
- 1 8 3 5  
2 1 4  
S E T  
L O C l  

SAVE I N D E X  R E G I S T E R  A. 
SAVE I N D E X  R E G I S T E R  8. 
SAVE I N D E X  R E G I S T E R  C. 
I F  THE I O E N T I F I C A T I O N  NUMBER I S  Z 
RETURN 10. THE C A L L I N G  PROGRAM, 

2.4 IS THE BASE L O C A T I O N .  

S T A  L O C 4  
C L A  T S X B S  OPEN BACKSPACE GATE 
STO. I I L I N K I  C A L L  C H A I N  WILL BACKSPACE 

L O C I  C L A  1.4  1 . 4  I S  THE I O E N T I F I C A T I O N  NUMBER- 
STA N R E G l  
A X 1  36.1 I N I T I A L I Z E  3 6  
S T Z  1+1.1 
T 1 X  r-1.1.1 TO ZERO. 
S I 0  I L O C l  MAKE NON'ZERO- 
C L A  3.4 3 . 4  I S  THE L O C A T I O N  OF THE TABLE.  
STA LOCFC PREPARE 

LOCAT I O N S  

STA N R t G l - 1  
A 0 0  = 1 B 3 5  T H E  
STA LOGFA ARGUMENT STORAGES 
S T A  L O C K L  
TSX C L t A R t 4  CLEAR THE VAR REGION.  

0 0 0 2 0  
0 0 0 3 0  
00040 
0 0 0 5 0  
00060 
00070 
OOOBO 
00090 
00100 
00110 
0 0 1 2 0  
0 0 1 3 0  
00140 
0 0 1 5 0  
001 bO 
0 0 1 7 0  
O O l B O  
00190 
0 0 2 0 0  
00210 
0 0 2 2 0  
0 0 2 3 0  
0 0 2 4 0  
0 0 2 5 0  
0 0 2 6 0  
0 0 2 7 0  
0 0 2 8 0  

0 0 2 9 0  
0 0 3 0 0  
0 0 3 1 0  
0 0 3 2 0  
0 0 3 3 0  
00340 
0 0 3 5 0  
0 0 3 6 0  
0 0 3 7 0  
00380 
00390 
00400 
00410 
0 0 4 2 0  
00430 
00440 
0 0 4 5 0  
00460 
0 0 4 7 0  
00480 
00490 
00500 
0 0 5 1 0  
0 0 5 2 0  
0 0 5 3 0  
00540 
00550 
00560 
00570 
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L D C A l  C L A  = 0 0 7 6 1 0 0 0 0 0 0 0 0  I N H I B I T  R E A D I N G  U N T I L  
S T D  READ. ARRAY RECORD R t F R E S H E D  
A X 1  43.2 4 3  FORCES RECDRO TO B E  F I L L E D  
S X D  1 1 2  I N  CHRCTR 
REh LOOK A T  T H E  F I R S T  CHARACTER ON T H E  F I R S T  C A R D  
R E M  I N  SEARCH O F  A I S I G N .  

SUB =hU000I0 CHECK FOR A S S I G N  

T S X  C O M P A R I ~  
OCT 242517630000 De E t  F I L E  F L A G .  T 
L X A  NREG1.4 ZERO I F  I D  H A S  B E E N  READ. 
T X L  *+2.4.0 
T X I  *+1.214 B t F O K E  I D  ADD 4 TO I N D E X  2. 
T X H  E R H U 1 2 r 7  J U N K  
T X H  SGNOUT9ZI6 I17 B E F O R E  ID.  F I L E  F L A G -  O F F  
T X L  .+3.2.5 I E  BEFORE I D  
T S X  READ.+1,4 C R A S H  R E A D  G A T E  
T R A  L O L A 1  SHOULD N O Y  H A V E  I D  CARO 
T X H  LOLAO.2.4 F I R S T  SO- 
T X H  L D L A J t Z . 3  IT A F T E R  IO. 
T X H  LOLCK.2.2 $ 1 7  A F T E R  $0. F I L E  F L A G  
T X H  L O L t l G 1 2 . 1  I E  A F T E R  IO. 
REM 

T X L  ERKU.4.0 O V E R W R I T T E N  
REM T H I S  I >  T H E  PROGRAM RETURN. 

R T N  L X O  1 N U X . l  R t S E T  I N D E X  A -  
L X O  I N U X + l r 2  RESET I N D E X  8. 
L X O  I N U X + 2 1 4  RESET I N D E X  C. 
T R A  4,4 R t T U R N  TO C A L L I N G  PROGRAM. 
REM HUNT FOR THE = S I G N  O F  THE I D A T A  CARD. 

LOCAO C L A  =0076100000000 I N H I B I T  R E A D I N G  U N T I L  
S T O  R€AU. I D A T A  F l E L U  SCANNEU 
T S X  CHHCTR.4 
T S X  C U M P A R t 4  
B C I  1.=00000 
TRA *+5.2.2 
T R A  ERKD J U N K  
TRA L O L A 0  A L P H A B E T I C  
TRA ERKD N U M E R I C  
S X D  A L F . 4  = S I G N  
REM U S E  A L F  MODE TO T E S T  A L L  CHARACTERS. 
R F H  

L U C A A  T S X  CHKCTR.4 

L O C I .  S T O  WOLD 

LOCAC L X A  RtAD.,4 I D  A F T E R  IO. T E S T  I F  B U F F E R  

REM 
REM 

L O C A F  L X O  
T X H  
T X H  
T S X  
T 5 X  

. .... 
TRA 

L O C A E  T S X  
TRA 
SKO 

COMES HERE WHEN = S I G N  H A S  B E E N  FOUND. GET T H E  
I O E N T I F I C A T I U N  NUMBER FROM T H E  CARD. 

I 1 4  
.+L,4,43 
L O L A G , 4 , 4 2  CARO SCANNED OUT. 
C H R C T R t  4 
COMPAR14 

BCI I,.$+- 0 
TRA *+9,2.2 
T R A  ERRM JUNK 

EKRM A L P H A t l E T I C  
B I N A R Y  4 FORM B I N  WD I N  VAR 
LOCAF B L A N K  
ERSW.2 M I N U S  S E T  TO B Y  PASS. 

T R A  L O L A F  P L U S  NO E F F E C T -  
S T O  S 1 b N  D O L L A R S  
REM COMES HERE TG CHECK THE R E G I O N  CODE AND T H E  
REM VALUE A P P E A R I N G  ON THE I O A T A  CARD. 

T Z E  ERRU U A T A  SET NO. M I S S I N G  
L U C A G  C L A  VAR COMMA 

A L S  18 
STO * *  S A V E  I O E N T  A T  T A 0 L E l 1 1 1  

T N Z  R T N  0 I F  C A L L  CODE = I O A T A  C O O t  
S T Z  A L F  A L F  = 0 MEANS NO A L F  I N F U .  
SXA N R t G 1 . O  I N D I C A T E  I O A T A  IS READ. 

N H E G l  S U B  * *  P L A C E  F I R S T  ARG I N  T H I S  ADDRESS. 

REM I N S T .  t)ELOW A L S O  E X € C U T t O  A T  READ.. P L A C E 0  THERE B Y  CHHCTR 

S X D  TESTJKIO 
TRA L O C A N  
REM 
REM COMES HERE I F  I T  WAS A I T A B L E  CARD. 

T R A  L O C A N 3  
REM 
REM COMES HERE I F  A N  A L P H A B E T I C  CHARACTER WAS FOUND. 

T N Z  S E T - 1  ZERO MEANS ON L E F T  O F  = SIGN. 
L X D  J K l . 1  I F  J K I  O I D N O T  I N C R E A S E  THEN 

T E S T J K  T X L  ERRL. I . **  A N  = S I G N  WAS NOT USED. 
SXO T t b T J K e 2  SAVE J K 1  FOR N E X T  TEST. 
C L A  I L O C  S A V E  S I G N  O F  T A B L E  ENTRY. 
STO I L U C l  
TRA L O C A N 2  

TSXRD T S X  READ.+1,4 HERE SNEAK P A S T  READ. G A T E  

L O C A J  T S X  T A t i L E . 4  

L O C A K  T S X  NAME.4 

S t T  

L O C A L  

REM 
L X D  JK.2 PREPARE T O  ACCUMULATE THE NUMBERS 
C L A  +*.2 I N  THE PSEUDO ACCUMULATOR. 
S T D  TEMP 
C L A  I L U C  
T P L  L O L A M  M I N U S  MEANS F L O A T  THE NUMBtR.  
T S X  F L T . 4  
T R A  L O L A M  
REM 
REM COMES HERE I F  N U M E R I C  F I E L D .  
T S X  NUMB€R,4 
S T D  TEMP 

00580 
0 0 5 9 0  
00600 
00610 
00620 
0 0 6 3 0  
00640 
0 0 6 5 0  
00660 
00670 
00680 
00690 
d0700 
00710 
d0720 
0 0 7 3 0  
00740 
d0750 
00760 
0 0 7 7 0  
0 0 7 8 0  
0 0 7 9 0  
00800 
00810 
0 0 8 2 0  
0 0 8 3 0  
00840 
00850 
0 0 0 6 0  
00870 
00880 
0d890 
00900 
00910 
00920 
00930 
00940 
00950 
00960 
00970 
0 0 9 8 0  
00990 
OlOOO 
OIOlO 
01020 
0 1 0 3 0  
01040 
01050 
01060 
01070 
01080 
01090 
01100 
01110 
01120 
01130 
01140 
01150 
01160 
01170 
01180 
01190 
01200 
01210 
01220 
01230 
0 1 2 4 0  
0 1 2 5 0  
01260 
0 1 2 7 0  
01280 
0 1 2 9 0  
01300 
01310 
01320 
0 1 3 3 0  
01340 
0 1 3 5 0  
01360 
01370 
01380 
0 1 3 9 0  
01400 
01410 
01420 
01430 
01440 
01450 
01460 
0 1 4 7 0  
01480 
01490 
0 1 5 0 0  
01510 
0 1 5 2 0  
0 1 5 3 0  
01540 
0 1 5 5 0  
01560 
0 1 5 7 0  
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I 

LOCAM 

L O C I  
L O G A N  
L O G A N 1  
L O C A t i 2  
L O C A N 3  

E R R L  

L O C A O  
L O C A P  
L O C A Q  

LOCAR 

L U C A T  

L O C A U  

T S X  ACLUM.4 ACCUMULATE R E S U L T S  I N  ACC. 
TSX C L t A R . 4  
L X A  W O R 0 1 4  
P X A  0.4 + WORD I N  ACC FOR LOCAR 
T X L  L O L A R , 4 v 5 8  NOT COMMA 
T X H  L O C A R . 4 r 5 9  NOT COMMA 
LKO J K 1 1 2  
C L A  A C L  
S T Z  ACC 
LOQ I L O C l  
TOP L O L l  
TSX F I X , 4  
STO * r .2  
L xo 
TXI 
sxo 
L X D  
T X L  
TSX 
BC I 
C L A  
T N Z  
REM 
REM 
T S X  
T S X  
T 6 X  
B C I  
TRA 
TRA 
T R A  
TRA 
T R A  
TRA 
L X O  
T X H  
SUB 
T P L  
REM 

.~ 
J K l t 2  
.+I.2.I 
J K l t 2  
OPER, I 
.+4.1,0 
E R R O R 1 4  
1 , O I L )  
A C L  
E R K L  

C A L L  THIS THE 
CLEARIS 
CHRCTR,4 
COMPAR.4 
I , .  (0000 
.+6.2,2 
LOCAR 
L O L A K  
L O L A L  
L O C A T  
L O C A L  
0 P t R . I  
E R R L t  1.0 
=HOOOOSO 
LOLA. 

WHAT K I N O  OF 

COMMA 

I N I T I A L I Z E  
15 T H I S  V A R I A B L E  F I X E D  P O I N T .  
N E G A T I V E  I S  F I X E D  P O I N T -  

STORE T H E  N,UMBER R E L A T I V E  TO B A S E -  

R A I S E  S T O R I N G  I N D E X  B Y  ONE- 
SAVE IT. 
ANY OPERATORS L E F T  OVER. 

ANY D A T A  L E F T  OVER. 

S W I T C H  HOUSE. 

$0. $TI OR OPERATORS. 
A L P H A B E T I C  
N U M E R I C  
( S I G N  
D E C I M A L  
ANY OPERATORS L E F T  OVER. 
H I G H  MEANS A L R E A D Y  H A S  OPERATOR- 
S P L I T  O F F  S FROM OTHERS 
I F  + PROCESS L T Y P E  CH 

OPERATOR I S  T H I S .  
T S X  COMPAR,4 

T X H  E R R L 1 2 * 5  REMOVE THE J U N K -  
T X H  L O C A N . 2 v 4  COMMA 
S X O  O P t R . 2  S A V E  REST.  U l L L  8 R A N C H  I N  SUB ACCU 
TRA L O L A P  A F T E R  B O T H  OPERANDS H A V E  B E E N  FOUN 

B C I  I.+-/..O 

REM 
REM 
TSX 
T S X  
B C I  
TRA 
TRA 
T R A  
TRA 
REM 
REM 
7 s x  
TOP 
T S X  
C L A  
STO 
L KO 
TRA 
REM 
T S X  
SUB 

COMES HERE I F  
CHKCTR.4 
C O M P A R I ~  
1.)OAOOO 
*+5r2 
E R R L  
L O C A Z  
L O C A U  

COMES HERE I F  
C H K C T R 1 4  
.+7 
T E b T 1 4  
I L O C l  
I L U G  
J K l r 2  
SET 

COMES HERE I F  
C H H C T R I ~  
=H000001 

R Q L  3 
L G R  3 
R a L  3 

THE OCT OR A L F  MODE- 

J U N K  
A CHARACTER 
0 CHARACTER 

E M P T Y  P A R E N T H E S I S  WERE FOUND. 
) S I G N ,  GET N E X T  CHARACTER 
M I N U S  FOR NEW CARO 
I N S E R T  COMMA I F  NEEOEO. 

PREPARE TO GET V A L U E  OF 
CURRENT L E F T  SIOE.  

O C T A L  MODE. 

REPLACE 
B Y  N E X l  
PUT I N  

STQ VAR 
REM COMES H E R E  WHEN ) 15 FOUND- 

TQP *+L M I N U S  FOR NEW CARO 
L O C A Y  T S X  CHRCTR.4 

T S X  T E S T 1 4  
L X A  WOR014 CHARACTER TO I R C  
T Y L  L O L A V , 4 r 7  O C T A L  D I G I T S  
T X L  ERWJ.4158 A L P H A B E T I C .  JUNK. 8. 9. 
T X H  E R K J t 4 . 5 9  S P L I T S  I 

C L A  VAR 
TRA L O C I  
REM CONVERT T H E  NUMBER TO B I N A R Y .  

REM 
REM COMES H E R E  I F  A L F  MODE. 

L O C A Z  T S X  CHRCTR.4 
TSX C O M P A R I ~  

TRA * + 5 . 2 1 2  
TRA ERRK J U N K  
TRA L O L A Z  A L P H A B E T I C  
T R A  L O L A Y  N U M E R I C  
REM COMES HERE YHEN I IS FOUND 

L O C A X  L X O  J K l . 2  COMMA 

L O C A V  T S X  B I N A R Y v 4  

B C I  1.)00000 

0 1 5 8 0  
0 1 5 9 0  
01600 
01610 
01620 
01630 
01640 
01650 
01660 
01670 
01680 
01690 
0 1 7 0 0  
0 1 7 1 0  
0 1 7 2 0  
0 1 7 3 0  
01740 
0 1 7 5 0  
0 1 7 6 0  
0 1 7 7 0  
0 1 7 8 0  
0 1 7 9 0  
OlBOO 
01810 
0 1 8 2 0  
01830 
01040 
0 1 8 5 0  
01860 
0 1 8 7 0  
01880 
0 1 8 9 0  
01900 
01910 
01920 
01930 
0 1 9 4 0  
0 1 9 5 0  
01960 
0 1 9 7 0  
0 1 9 8 0  
01990 
02000 
02010 
0 2 0 2 0  
0 2 0 3 0  
0 2 0 4 0  
0 2 0 5 0  
0 2 0 6 0  
0 2 0 7 0  
0 2 0 8 0  
0 2 0 9 0  
02100 
0 2 1 1 0  
0 2 1 2 0  
0 2 1 3 0  
0 2 1 4 0  
0 2  1 5 0  
0 2 1 6 0  
0 2  1 7 0  
0 2 1 8 0  
02190 
02200 
02210 
0 2 2 z 0  
0 2 2 3 0  
0 2 2 4 0  
0 2 2 5 0  
0 2 2 6 0  
0 2 2 7 0  
0 2 2 8 0  
0 2 2 9 0  
0 2 3 0 0  
0 2 3 1 0  
0 2 3 2 0  
0 2 3 3 0  
0 2 3 4 0  
0 2 3 5 0  
0 2 3 6 0  
02310 
0 2 3 8 0  
02390 
02400 
02410 
0 2 4 2 0  
0 2 4 3 0  
0 2 4 4 0  
0 2 4 5 0  
02460 
02470 
02480 
02490 
0 2 5 0 0  
0 2 5 1 0  
02520 
0 2 5 3 0  

75 



L O C L A  L X A  VAR.1 I S I G N  
T N X  ERRK.I ,O A L F  COUNT WAS ZERO- 
s x o  
T S X  

T S X  

T Z E  
T S X  
T I X  
LXO 
L X O  
C A L  
LGR 
O R s  

L O C B 0  A X T  
L X O  
C L A  

sue 

s ro  
Locec s x o  

C L A  
L O G 4  STO 

T X I  

T X I  
L O G 0 0  S T Z  

Locec i  T X H  

A L F . 1  
C L E A K . 4  

C H R C T R p 4  
=017 
E R K 0  
STORE,4 
.-4, I ,  1 
J. I 
M S H I F T . 4  
B L A N K  
4 2 . 4  
V A R + I , I  
1.4 
J K l r 2  
J 

J K l t L  
VAK+1.4 
s.12 
.+1*4.1 
LOL0U,4.**  
L O L 0 C , Z 1  I 
A L F  

Locec i  

E R R 8  

E R R 0  

E R R J  

ERRK 

t R R M  

ERRU 

P U L L  THROUGH CHARACTERS A N 0  STORE 
F I L E  FLAG, NEVER NEG- 

THEM ONE A T  A T I M E .  
GO BACK T I L L  NCHAR = 1 

COUNT WENT P A S T  E 0 J O B -  

F I L L  I N  P A R T I A L  WORD W I T H  BLANKS. 
I R C  TO 1 

PREPARE TO STORE A L F  WOS 

J = J + I  

J K = J K + 1  

T S X  C L t A R 9 4  
T S X  C H K C T R 1 4  LUOK AT N E X T  C H A R A C T E R -  
T a p  *+L M I N U S  FOR NEW CARO 
T S X  T E h T . 4  PUT I N  COMMA I F  NEEOEO- 

T Z E  L O L A N  GO R A I S E  A N 0  STORE J K 1 -  
R F M  

sue =HOOOOO, 

REM T H E S E  A R t  ERROR C A L L S  
T S X  ERKOR.4 

T S X  ERKOR.4 
eci i . o i e i  

BCI 1,010) 
T S X  ERKOR.4 
B C I  l , O I J )  
T S X  E R R O R v 4  
0 C I  1 . O l K l  

L O C B G  

T S X B S  
L O C t l S  

REM 
REM S t  COMES H E R t  A F T E R  SO 
C L A  = U U 7 6 1 0 0 0 0 0 0 0 0  NOP 
S T O *  $ ( L I N K 1  CLOSE BACKSPACE GATE 
TRA L O L A C  R E T U R N  
REM P U R P O S t  O F  $ € N O  CARU IS TO PROTECT F O R I E G N  DATA FROM 
REM 0 A C K b P A C E  WHkN C H A I N  IS CALLED. 
REM 
REM E N U  O F  THE M A I N  SEGMENT 
REM T H I S  A R O U T I N E  TO L A C K S P A C E  T H E  I N P U T  T A P E  WHEN A 
REM C A L L  C H A I N  IS G O I N G  T O  S P I L L  T H E  BUFFER. 
REM T H I S  R O U T I N E  IS E X E C U T E 0  FROM C H A I N  V I A  T H t  ONE 
REM WORO S U B R O U T I N E  [ L I N K )  W H I C H  C O N T A I N S  E I T H E R  T S X  OR NOP 
T S X  LOCBS.4 T O  B E  S T O R E 0  A T  ( L I N K  
SXA *+4,4 SAVE I N D E X  4 
C L A  l N T P P E  I N P U T  T A P E  NUM0ER 
C A L L  SllOSl S E L E C T  I N P U T  T A P E  
XEC. I l r t S R l  BACKSPACE I T  
A X T  **,4 RESTORE I N D E X  
TRA 1.4 R t T U R N  TO T H E  C H A I N  R O U T I N E  
E J E C T  
REM T H I S  I b  S U B R O U T I N E  CHRCTR. I T  S T O R E S  S U C C E S S I V E  
REM C H A R A C T t R S  FROM THE CARO A T  L O C A T I O N  WORD, REAOS 
REM S U C C E S S I V E  CAROS I N T O  THE ARRAY RECORD. A N 0  P R I N T S  
REM IS T Y P E  CAROS. T H E  F I R S T  CHARACTER FROM A NEW CARO 
REM IS S T O K E 0  I N  WORD W I T H  A M I N U S  S I G N .  
REM 
REM 

CHRCTR SXO T E M P - 1 0 1 2  
SXO TEMP-17.4 
L X O  I,,! CARO COL COUNT, SAW COUNT 
T X H  * t212103  TOO E A R L Y  T O  READ. 
XEC READ. GATE MAY BE C L O S E 0  
L O P  Q H A S  UNUSED CHARACTERS FROM BEFORE 
C L A  S I b N  Z f R O  OR S GOES TO TAG 

LOCCA A L S  6 
SLW T A L  

LOCCB L X O  A L P 1 4  
L U C C C  T X H  L O L C O . Z r 4 3  

T X H  LOCCG.2.42 
LOCCO P X D  0.0 

L G L  6 
T I X  L O L C t . 2 . 1 4  
LOQ R E L O R O + 3 1 2  
T X I  .+lr2,69 

P A X  0.1 
T X H  L O L C F , ~ , ~ ~  
T X H  L O L C C l l . 4 7  
T X H  L 0 L C F 1 l 1 4 3  
T X L  L O L C F t 1 . 4 2  
Z E T  TAG 
TRA P R I N T  
T R A  LOLCA 
REM 

L O C C E  T X H  L 0 c C F 1 4 . 0  

S H I F T  L E F T  I CHARACTER 
C L E A R S  OR P R E L O A O S  T A G  
NONZERO MEANS A L F  MOO€. 
SAW COUNT G I V E S  C O L  01 = 43. 
WAS COL 00 PROCESSED. 
CLEAR ACCUMULATOR. 
S H I F T  N E X T  CHARACTER I N T O  ACC. 
COUNT DOWN B Y  14 
L O A 0  N E X T  WORD 
JUMP BACK COUNTER. 
RETURN I F  A L F  MOOE. 
MOVE CHR. I N T O  I N D E X  I 
TRA M t A N S  GOO0 CHARACTER. 
TRA I F  B L A N K  
TKA I F  GOOO CHARACTER. 
TRA I F  GOOO CHARACTER. 
HERE ON S 
HERE ON SI GO P R I N T  
L GOES T O  TAG. 

02540 
0 2 5 5 0  
0 2 5 6 0  
0 2 5 7 0  

02500 
0 2 5 9 0  
02600 
02610 
02620 
0 2 6 3 0  
02640 
02650 
02660 
02670 
02600 
02690 
02700 
02710 
02720 
0 2 7 3 0  
0 2 7 4 0  
0 2 7 5 0  
02760 
0 2 7 7 0  
0 2 7 0 0  
02790 
02800 
0 2 8 1 0  
02820 
0 2 0 3 0  
0 2 0 4 0  
02050 
02860 
02070 
0 2 8 0 0  
02090 
02900 
02910 
02920 
02930 
02940 
02950 
02960 
02970 
0 2 9 0 0  
02990 
0 3 0 0 0  
03010 
03020 
03030 
03040 
0 3 0 5 0  
03060 
0 3 0 7 0  
03000 
03090 
03100 
03110 
03120 
0 3 1 3 0  

03150 
03160 
0 3 1 7 0  
03100 
03190 
03200 
03210 
03220 
03230 
0 3 2 4 0  
03250 
0 3 2 6 0  
03270 ..- . 
03200 
03290 
03300 
0 3 3 1 0  
0 3 3 2 0  
03330 
03340 
0 3 3 5 0  
0 3 3 6 0  
0 3 3 7 0  
03300 
03390 
03400 
03410 
0 3 4 2 0  
0 3 4 3 0  
03440 
03450 
0 3 4 6 0  
0 3 4 7 0  
03400 
0 3 4 9 0  
03500 
0 3 5 1 0  
0 3 5 2 0  
0 3 5 3 0  



LUCCF 

P R I N T  

s x o  1.2 
S T P  a 
AUO TAG 
S T O  WORD 
L O P  S L L N  
S T L  S I b N  
S T L  T A L  
L X O  T E H P - 1 7 . 4  
L X O  TEMP-10,L  
TRA 1 . 4  
REI4 P R I N T  O U I  THE 
STP 
XEC. 
XEC 
L o a  
L G L  
LOP 
P I T  
STP 
T I X  
LGR 
S T Q  
A X 1  
L O P  
STP 
T I X  
TSX 
TRA 

LOCCG XEC 
XEC. 
S T Z  
A X 1  
L O P  
STP 
T I X  
C L A  
S T O  

L O C C J  A X T  
C L  s 
S T O  
L G L  
L O P  
LGR 
STP 
L O P  
TRA 
REM 
REM 

LOCCK L X O  
T X H  

SGNOUT XEC. 
AXT 

0 
S I T E S 1  
REAO. 
a 
6 
b L A N K  
4.4 
OUTBUF+19,4  
* -1 .4 .1  
6 
OUTBUF 
14.4 
R E L O R O i 2 , k  
O U T B U F i 1 5 n 4  
* - 2 . 4 ~ 1  
P R I N X . 4  
.+J 
REAO. 
S I T E S )  
T A L  
1 4 . 2  
1NI(UF+14.2 
RECOR0+2,2  
.-2,2,1 
T S X R O  
REAO. 
8 4 , 2  
=0 
S I G N  
12 
B L A N K  
1 2  
R E L O R O i I  
RECORD-I2 
LOCCA 

SI 
R t T U R N  
CARDS. 

CHECK FOR UUIET  BUFFERS. 
F t T C H  NEXT CARO. 

SPACE CONTROL SAFE I N  ACC 

F I L L  E N 0  OF OUTPUT 
BUFFER W I T H  BLANKS.  

SPACE CONTROL 8 A C K  TO M a -  
STORE SPACE CONTROL. 

ALMOST ALWAYS A NOP- 
W A I T  FOR Q U I E T  REAO BUFFER.  
CLEAR THE IS CHARACTERS. 
F t T C H  CARO. 
14 WORDS 

OPEN READ. GATE 

CARO COL 1 IS 8 4  
S t T  H l N U S  ZERO I N  S I G N  

SAVE COLUMN 7 9  A N 0  BO 
BLANK OUT COLUMN 8 1  TO 8 4  
MAY HAVE LOOK AHEAD 

LOP 
STP 
T I X  
A X T  
L O P  
STP 
T I X  
TSX 
XEC. 

LUCOUT C A L L  
R E H  

OUT B C I  
REM 
REM E N 0  OF THE SAP SUBROUTINE CHRCTR. 

CARO. 

COHES HERE ON E N 0  OF F I L E  F L A G  
T E b T J K . 4  
RTN14.0  WAS DATA LOADED. YES R T N  
L I T E S I  M A I T  FOR Q U I E T  OUTPUT BUFFER 
6.4 
O U T 1 6 1 4  
OUTBUF+6,4  
r-2 14  I I 
1 3 . 4  
l L A N K  
OUTBUF+19.4  
* - l r 4 t r l  
P R I N X . 4  
L i T E S I  H A I T  FOR U U I E T  BUFFER. 
$ E X I T  T H I S  WAY OUT FOR K E E P S  

6 r l E N O  OF F I L E  INPUT TAPE JOB COMPLETE 

E J E C T  
REM T H I S  IS S U B R O U T I N E  CLEAR. I T  I N I T I A L I Z E S  
REM NECESSARY PARAMETER5 FUR S U B R U U T I N E  STORE. 

REM 
REM E N 0  OF THE SAP SUBROUTINE CLEAR. 
REM 
R E H  
REM T H I S  1 h  F U N C T I O N  COMPAR. IT E X A H I N E S  THE CURRENT 
REM CHARACTER A N 0  T E S T S  I T  A G A I N S T  THE CHARACTERS 
R E H  FOUND I N  THE ARGUMENT. A L P H A B E T I C  A N 0  N U M E R I C  
REM S P L I T S  ARE MADE I F  THE CHARACTER 15 NOT FOUND 
REM I N  THE ARGUHENT. THESE T E S T S  ARE COUNTED A N 0  
REM THE NUM0ER L t F T  I N  I N O t X  2 CORRESPONDS TO T H E  
REM S b C C E S 5 F U L  TEST. I F  NO T E S T  I S  SUCCESSFUL 
REH T h E N  I N D E X  2 CORRESPONDS TO THE TOTAL T E S T S  + I -  
REM 

COHPAR L O U  1 . 4  USE F I R S T  ARGUHENT I N  C A L L I N G  
A X T  1.2 

LOCDA PXO 0.0 
L G L  6 
T Z E  L O L D D  DONE I F  ZERO. 
C A S  YOU0 CHECK T E S T  WORD A G A I N S T  L A R D  
T X I  L O L O A . 2 1 1  CHARACTER. 
TRA LOLUC EQUAL. 

P U L L  I N  1 S T  T E S T  CHARACTtR.  

L O C O 8  T X I  L 0 ~ 0 A . 2 ~ 1  NOT t Q U A L .  GET N t X T  T E S T  
LOCOC C L A  UOKO CHARACTER. 

TRA 2 . 4  PROGRAM RETURN. 

0 3 5 4 0  
0 3 5 5 0  
0 3 5 6 0  
0 3 5 7 0  
0 3 5 0 0  
0 3 5 9 0  
0 3 6 0 0  
0 3 6 1 0  
0 3 6 2 0  
0 3 6 3 0  
0 3 6 4 0  
0 3 6 5 0  
0 3 6 6 0  
0 3 6 7 0  
0 3 6 0 0  
0 3 6 9 0  
0 3 7 0 0  
0 3 7 1 0  
0 3 7 2 0  
0 3 7 3 0  
0 3 7 4 0  
0 3 7 5 0  
0 3 7 6 0  
0 3 7 7 0  
0 3 7 8 0  
0 3 7 9 0  
0 3 8 0 0  
0 3 8 1 0  
0 3 8 2 0  
0 3 8 3 0  
0 3 8 4 0  
0 3 8 5 0  
0 3 0 6 0  
0 3 8 7 0  
0 3 8 8 0  
0 3 8 9 0  
0 3 9 0 0  
0 3 9 1 0  
0 3 9 2 0  
0 3 9 3 0  

0 3 9 4 0  
0 3 9 5 0  
0 3 9 6 0  
0 3 9 7 0  
0 3 9 8 0  
0 3 9 9 0  
04000 
04010 
04020 
0 4 0 3 0  
04040 
04050 
04060 
0 4 0 7 0  
0 4 0 8 0  
0 4 0 9 0  
04100 
04110 
0 4 1 2 0  
0 4 1 3 0  
04 1 5 0  
04160 
04 170 
0 4 1 0 0  
0 4 1 9 0  
0 4 2 0 0  
0 4 2 1 0  
0 4 2 2 0  
0 4 2 3 0  
0 4 2 4 0  
0 4 2 5 0  
04260 
0 4 2 7 0  
0 4 2 8 0  
0 4 2 9 0  
04300 
0 4 3 1 0  
0 4 3 2 0  
0 4 3 3 0  

0 4 3 5 0  
0 4 3 6 0  
0 4 3 7 0  
0 4 3 8 0  
0 4 3 9 0  
04400 
04410 
0 4 4 2 0  
0 4 4 3 0  
04440 
0 4 4 5 0  
04460 
0 4 4 7 0  
04400 

04340 
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LOCDO C L A  2.4 USE SECOND ARGUMENT I N  THE C A L L I N G  
POX 0.1 SEQUENCE IOECREUENTI  AS THE TEST 
TNX LOCDC.1.1024 FOR ALPHABETIC-NUMERIC S P L I T .  
S X O  LOLOF.1 BECOMES INCREMENT 
L X A  YOROIl CHARACTER TO I R A  
T X L  LOLOC,1.9 NUMERIC 
T X H  LOCDFIlr57 S P E C I A L  0 ZONE, SX 
TXH L O C O E , l r 4 9  A L P H A B E T I C  0 ZONE, NO I 
T I X  *+~,I.32 KNOCK OFF 11 ZONE EXCEPT - 
T I X  *+1,1,16 KNOCK OFF 12 ZONE EXCEPT + 
REU + A N 0  - S I G N S  W I L L  B E  1161101 I Y l L L  B E  117110 
TXH LOLOF. l19  S P E C I A L  

LOCOE 1x1  LOCOF, 2 ,-I ADJUST I R B  FOR A L P H A B E T I C  
LOCOF 1 x 1  LOLOC,Z... ADJUST I R B  FOR S P L I T  

REU 
REU E N 0  O F  THE SAP SUBROUTINE COUPAR. 
E J E C T  
REU T H I S  15 SUBROUTINE ERROR. I T  IS C A L L E D  I F  AN 
REU ERROR HAS DETECTED ON ANY OF THE I N P U T  CARDS. 
REM 

XEC. S I T E S 1  Y A I T  FOR Q U I E T  BUFFERS 
ERROR SKA ++2,4  SAVE SOURCE 

A X T  ..,4 
C L A  1.4 GET P R I N T  ARGUMENT 
STO OUTBUF 
A X 1  1.1 
CAS R 
TRA .+3 S THROUGH V 
1x1  .+1,1.-1 R 

UESSA PKO BLANK+4.1  A THROUGH N 
ANA =7817 

102. 

LOGE8 

LOCEC 

BLANK 

LOOK 

LOCFA 

ARS 
ACL 
STA 
A X 7  

STQ 
T I X  
A X 1  

S T Q  
T I X  
T S X  
XEC- 
AUT 
C L A  
STO 
T I X  
L O P  
L X O  
TXL 
1 x 1  

T I X  

TSX 
XEC. 
L XD 
T XL 
A X 1  

Loa 

Loa 

R a L  

s i a  

I6 
MEaSA 
IO,?. 
4.4 
..,4 
OUTBUF+5.4 
. -2,4,1 - .. . 
RECORDI2.4 
OUTBUF+19.4 
.-214.1 
P R I N X e 4  
S I T E S 1  
19,2 
BLANK 
OUlBUF+19.2 
.-lr2,1 
* H  * 
I d  
.*2 12 I71 
*+3,2,-69 

Y A I T  FOR Q U I E T  BUFFER 

P I C K  UP 
SAW COUNT 
BACK UP I F  OVER 71 

ROTATE ACCORDING TO CHR PART. 
COUNT CHARACTER PART. 
STORE ACCOROING TO R E S I D U A L  
P R I N T  THE * 
WAIT FOR THE TO BE P R I N T E D  
P I C K  UP ERROR SWITCH. 
NUN ZERO MEANS T R Y  NEXT SET 
BYPASS MARK 

SXO B L A N K 9 4  UARK-ErPASSEO CARDS 
L X A  N R t G l r 4  NONZERO I F  T H I S  SDATA CAKU. 
TXL *+2.4.0 
TSX 
TSX 
T Q P  
SUB 
TNZ 

L X O  
S X O  
L xo 
TRA 
A 0 0  
TZE 
TRA 
P F M  

sTa. 

RkAb.+1.4 CRASH READ GATE I F  SDATA CARD. 
C H K C T R I ~  S K I P  TO NEXT SOATA AN0 TRY THAT SET. 
LOLEB 
=HOOOOso 
LOLEC TRA NOT A SOATA CAR0 
N R t G I - 1  PUTS - S I G N  I N  T A B L E I I )  
t i L A N K I 7 . 4  
BLANK,4 
I N O X + 2 1 4  
LOCA 
= 5  TEST FOR E N 0  F I L E  F L A G  
SGNOUT END FILE.. GET OFF 
LOLEB OTHER 

REM ERROR MESSAGES. F I R S T  YORD ALSO U S t O  AS A BLANK. 
B C I  4 ,  REDUNDANCY CHECK 
B C I  4 .  I L L E G A L  CHARACTER ... . . . . . . . . . . 
8 C 1  4 r N U  M A h l l S S A  BEFORE E. 
8 C 1  4 r h 0  EhTRV I N  TABLE 

BCI 4rEXPON. OUT OF RANGE 
RE*  
REU EhO OF ThE SAP SUBROUI INE ERROR. 
E J E C T  
REM THIS I S  SUBROUTINE LOO&. I T  SEARCHES I H E  TABLC 
REM FOR THC NAUE STORE0 AT L O C A T I O N  VAR. I F  FOUND. 
REM ThE ACC IS LON-ZERO AT THE RETURN. 
REU 
S X D  TEMP-121’. SAVE INDEX R E G I S I E R  C. 
CLA J SUBROUTINE. 
SID LOLFE 
A X 1  2.L J K  = 2 I N  I N D E X  8 
AXT 1.1 J I  = I I N  I h U E X  A 
GAL **.2 GAL T A B V I J K I .  
TZE LOLFG NO ENTRY T H I S  V A R I A B L E  
S I D  LOLFO OECREMEhT HAS NEXT 
ACL -U377777000000 
ANA =0377777000000 ENTRY LOC. SAVE O t C R  
SL8 J OhLV. CHECM EhTRV LENGTH. 
TNZ LOCFU I F  NOT THE SAME, LOOK AT hEXT ENTR 
P S D  0.2 
POX 0.4 J H  = J K  I N  INDEX C. 

n c i  + , S T V P E  HISSING OR URONG 

0 4 4 9 0  
04500 
04510 
04520 
04530 
04540 
04550 
04560 
04570 
04580 
04590 
04600 
04610 
04620 
04630 
04640 
04650 
04660 
04670 
04680 
04690 
04700 
04710 
04720 
04730 
04740 
04750 
04760 
04770 
04780 
04790 
04000 
04810 
04020 
04830 
04040 
04850 
04860 
04870 
04880 
04890 
04900 
04910 
04920 
04930 
04940 
04950 
04960 
0 4 9 7 0  
04980  
04990 
05000 
05010 
05020 
05030 
05040 
05050 
05060 
05070 
05080 
05090 
05100 
05110 
05120 
05130 
05140 
05150 
05160 
05170 
05180 
05190 
05200 
05210 
05220 
05230 
05240 
05250 
05260 
05270 
05280 
05290 
05300 
05310 
05320 
05330 
05340 
05350 
05360 
05370 
05380 
05390 
05400 
05410 
05420 
05430 
05440 
05450 
05460 
05470 
05480 
05490 
05500 
05510 
05520 
05530 
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L U C F B  C L A  
LOCFC CAS 

TRA 
1 x 1  

LOCFO 1 x 1  
1 x 1  

LOCFE T I L  
T S X  

L O C F F  CLA. 
STO 

LOCFG L X O  
TRA 

VAR*1.1  ... 4 
.+Z 
.+2,4,1 
LOCFA- 1.2. ** 
.+ I .  I ,  I 
LOLFB.I,.. 
C L t A R . 4  
L U C F A  
I L U C  
TEUP- 12,4 
1.4 

S t E  I F  VAR A N 0  T H I S  
ENTRY AGREE 
I F  SO, CHECK R E S T  OF NAME 

R A I S E  J M  BY ONE. 
I F  NOT SO, GO TO NEXT ENTRY. 

RAISE J1 BY ONE. 
F I N I S H E D  I F  J L  IS GREATER THAN J. 
C L E A R  I F  T H E  ENTRY AGREES-  

SAVE COMMON I N D E X  A T  I L O C .  
PREPARE TO RETURN. 
RETURN TO THE C A L L I N G  PROGRAU- 

REM 
REM 
REM E N 0  OF THE SAP SUBROUTINE LOOK. 
t J E C T  
REM THIS IS S U B R O U T I N E  NAME. I T  IS USEO TO 
REM CORRELATE NAMES FROM I N P U T  CARDS Y I T H  I N T E R N A L  
REM MEUORY L O C A T I O N S  BY R E F E R R I N G  TO THE TABLE.  
REM 
P F M  

NAME 

LOCGB 
LOCGC 

LOCGE 

LOCGF 

LOCGG 

ERRT 

LOCGH 

L O C G J  

S X O  TEMP-2014 SAVE I N D E X  C. 
REM G t T  THE. R E S T  O F  THE V A R I A B L E  NAME. STOP A T  ANY 
REM NON A L P H A N U U t R I C  CHARACTER. 
TSX S T O R E 1 4  
T S X  CHRCTR.4 
TQP .+L M I N U S  FOR NEW CARO 
T S X  T E S T t 4  COMMA U A Y  B E  NEEOEO. 
T N L  *+3 LOOK FOR ZERO. I F  ZEROI U A K E  IT 
ACL = H 0 0 0 0 0 0  A L E T T E R  0 
S T O  WORD 
TSX CUUPAR.4 
BCI 1.-l0000 
T R A  *+5,2,1 
TRA L O L G F  JUNK OR OPERATORS 
TRA L O L G B  N U U E R I C  OR A L P H A B E T I C  
TRA LOLGG I S I G N  
STZ I L U C l  = S I G N  
REM GO TO T H €  T A B L E  LOOKUP R O U T I N E  I F  AN = S I G N  
REU OR AN UPERATOR YAS FOUNO. 
T S X  LUOK.4  F I N O  THE NAUE I N  T A B L E -  
T Z E  E K R T  NAME WAS FOUNO I N  T A B L E  I F  N O N - Z t R  
L X A  lLUC.2 
TRA L O L G L  
REM 
R E U  GO TO THE T A B L t  V A R I A B L E  LOOKUP R O U T I N E  I F  A 
REM I S I G N  YAS FOUNO. 
T S X  L U O K t 4  
TNZ L O L G J  
T 6 X  ERRORe4 
BCI 1 , O I T )  
REM CONVERT THE I N D E X  T O  B I N A R Y .  
TSX B I N A R Y 3 4  
REM GET T H E  N U M E R I C S  FOR THE I N D E X  TO THE V A R I A B L E .  
T S X  C H H C T R e 4  
T X L  L U L G H e l r 9  N U M E R I C  
T X L  E R K C . 1 . 2 7  JUNK 
T X H  E R R C 1 1 , 2 9  JUNK 
TSX CHRCTR.4 I SIGN.  GET N E X T  CHARACTER. 
TPP *tL M I N U S  FOR NEW CARO 
T S X  T E 5 T v 4  COMMA MAYBE NEEOEO. 
ThX COUPAR.4 
B C 1  1,=00000 
TRA * + 4 , 2 , 1  
TRA L O L G K  OPERATORS 
TRA ERRL A L P H A B t T l C  A N 0  N U M E R I C  
S T Z  I L U C L  - S I G N  
REM 

LOCGK C L A  YAK CUMPUTE S T O R I N G  INDEX.  
A C L  I L U C  
PAX 0 . 2  STORE AOORESS AT UECREMENT UITHOUT 
T X I  *+1.2.-1 

LOCGL SXO J K t 2  ACCUMULATOR OVERFLOY. 
C L A  I L U C l  
L X O  TEUP-20,4 RESTORE I N D E X  C. 
TRA 1.4 RETURN TO C A L L I N G  PROGRAM. 
REM COIvSTANTS A N 0  ERROR CALL.  

ERRC T S X  E R R O R 1 4  
B C I  I . O I C 1  
REM 
REM E N 0  OF THE SAP S U B R O U T I N E  NAUE. 
E J E C T  
REM T H I S  I b  S U B R O U T I N E  NUUBER. I T  IS USEO TO 
REM ASSEMBLE N U M E R I C  OATA FROM CARDS. A L L  V A L U E S  ARE 
REM T R E A T E U  AS F L O A T I N G  P O I N T  NUM8ERS I N  T H I S  ROUTINE.  
REM 

SUO K N T 2 . 4  I N I T I A L I Z E  
NUMBER SXO T E M P - 2 3 9 4  SAVE I N D E X  C. 

P P Y  

LUCHA TSX C H K C T R 1 4  
TPP *+Z. M I N U S  MEANS FROM N E Y  CARO 
T S X  TEST,+ 

05540 
05550 
05560 
05570 
05580 
05590 
05600 
05610 
05620 
05630 
05640 
05650 
05660 
05670 
05680 
05690 
05700 
05710 
05720 
05730 
05740 
05750 
05760 
05770 
05780 
05790 
05800 
05810 
05820 
05830 
05840 
05850 
05860 
05070 
05880 
05890 
05900 
05910 
05920 
05930 
05940 
05950 
05960 
05970 
05980 
05990 
06000 
06010 
06020 
06030 
06040 
06050 
06060 
06070 
06080 
06090 
06100 
06110 
06120 
06130 
06140 
06150 
06160 
06170 
06180 
06190 
06200 
062 LO 
06220 
06230 
0b240 
0b250 
06260 
06270 
06200 
06290 
06300 
06310 
06320 
06330 
06340 
06350 
06360 
06370 
06380 
06390 
06400 
06410 
06420 
06430 
06440 
06450 
06460 
06470 
06480 
06490 
06500 

79 



Locm TSX 
BC I 
TRA 
TRA 
TRA 
TRA 
TRA 
CLA 
TNZ 
T 6 X  
BC I 
S T Z  
S T Z  
TRA 

LOCHC CLA 
A 0 0  
SJO 

LOCHO L X A  
TXH 

L O C H 0 1  T 5 X  
T Z E  

LOCH02 1 x 1  
SXA 
TRA 

COUPAR, 4 
l..E0000 
*+6,2,2 
LOCHK 
ERR€ 
LOCHZ. 
LOCHE 
K N T 2  
.+3 
ERROR.4 
1 e O l N )  
KNTZ 
NEXP 
LOCHA 
NEXP 
- 1 U 3 5  
NEXP . 
K N l l t l  
L O C H O 2 ~ 1 ~ 1 0  
0 INARY I 4 
LOLHA 
.+1.1.1 
K N T l t I  
LOCHA 

LOCHE 

LOCHF 

LOCHG 

LOCHH 

LOCHJ 

LOCHK 

REM COUES HERE YHEN 
C L A  K N I l  
TNZ LOCHH 
TSX ERROR,4 
B C I  1 . O l S l  
CLA K N T 3  
TRA * + 2  
C L S  K N T 3  
TNZ LOLHK-2 
STO TEUP 
CLA K N T 4  
TNZ ERRF 
SXO KNT4.2 
TSX CHRCTR.4 
TQP -2. 
T S X  TESTS4 
T h K  COMPAR.4 
B C I  1.+--000 

~ECIMAL POINT. 
ZERO UEANS THIS IS THE SECOND P O l N  

COUNT THE NUUBER OF D I G I T S  B E H I N D  
THE. I F  THERE IS ONE 

1HE EXPONENT F l E L O  IS 
ENCOUNTEREO- 
THERE UUST BE A T  L E A S T  ONE D I G I T  
BEFORE THE E OF AN E FORUAT NUUBER 

SEE I F  EXPONENT D I G I T S  HAVE A R R I V E  

SEE I F  EXPONENT D I G I T S  HAVE A R R l V t  
NON ZERO MEANS S I G N  IS OPERATOR. 
STORE S I G N  OF EXPONENT. 

NONZERO MEANS UORE THAN 1 EXP S I G N  
UAKE NOZERO. 

U l N U S  UEANS FROM NEY CAR0 

TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
REM 
CLA 
A L S  
A 0 0  
ALS 
ACL 
STO 
5 x 0  

oTnERs 
A L P H A B E T I C  
NUMERIC 
O E C l U A L  
U l N U S  
P I  I , <  

*+7.2,2 
LOCHK-2 
ERRF 
LOCHJ 
ERRF 
LOCHG 
LOCHF . --- 
TEMP 
2 
TEUP 
1 
YORO 
TEUP 
KNT3.2  RECORD FACT FOR SECOND SIGN. 

CONVERT THE EXPONENT TO B I N A R Y -  

TRA LOCHH 
REM COUES HERE YHEN AN OPERATOR YAS FOUND- 

TZE ERRF ZERO UEANS NO EXPONENT CAME- 
C L A  KNTZ 

CLA K N T 3  TEST FOR TnE PRESENCE OF EXPONENT. 

TZE 
STZ 
CLA 
SUB 
T P L  
PXO 
SUB 

.+2 
NEXP 
K N l l  
- 1 0 8 3 5  
* + 2  
0.0 
NEXP 

SEE I F  UORE THAN TEN NUUBERS HAVE 
BEEN CONVERTED 

IF SO, USE THE DIFFERENCE IN THE 
COMPUTATION OF THE EXPONENT. 

_.. 
A 0 0  TEMP 
S T O  NEXP 
REM MANTISSA I N  VAR AN0 THE EXPONENT IS I N  NEXP-  
CLA VAR 
T2E LOCHQ SHORT CUT I F  ZERO. 
L O P  -0L33000000000 C H A R A C T E R I S T I C  FOR LOU BITS 
LGR 8 LOU 8 BITS TO MQ 
RQL 8 
L R S  0 B R I N G  S I G N  
STQ VAR 

F A 0  VAR 
ORA = o ~ ~ ~ o o o o o o o o o  CHARACTERISTIC FOR HIGH BITS 

FUN 
STO V I R  
CLA NEXP THE EXPONENl  
A X T  1.2 
LOP -1. PUT 1 I N  UP 

LOCHL L B T  EXPONENT I N  ACCU 
TRA LOCHU FOUND NO BIT- 
TXH ERRV.2.6 EXPONENT EXCEEDS 6 3  
STO VAR-2 
FMP TALI I1 ,Z T H I S  FORMS 10 .*NEXP 
XCA SAVE I N  UP 
C L A  

LOCHU ARS 
TZE 
TKI 

LOCHN T M I  
FMP 

VAR-2 
1 
LOLHN 
L O C H L l Z . 1  
LOCHO 
YAR 

IO..NEXP F I N I S H E D .  

U U L T I P L Y  I F  PLUS-  

FRN 
TRA LOCHQ 

LOCHO STP VAR-2 
C L A  VAR D I V I D E  I F  NEXP IS UINUS. 
FOP VAR-2 
XCA ANSWER BACK TO THE ACCUU 

TRA 1.4 RETURN TO C A L L I N G  PROGRAU- 
LOCHQ LXO T E U P - 2 3 r 4  RESTORE INDEX C. 

. REU THESE ARE THE ERROR C A L L S  FOR SUB NUUBR. 

0 6 5 1 0  
0 6 5 2 0  
0 6 5 3 0  
0 6 5 4 0  
0 6 5 5 0  
06560 ..... 
0 6 5 7 0  
0 6 5 8 0  
0 6 5 9 0  
0 6 6 0 0  
0 6 6 1 0  
0 6 6 2 0  
0 6 6 3 0  
06640 
0 6 6 5 0  
0 6 6 6 0  
0 6 6 7 0  
0 6 6 8 0  
06690 
0 6 7 0 0  
0 6 7 1 0  
0 6 7 2 0  
0 6 7 3 0  
0 6 7 4 0  
0 6 7 5 0  
0 6 7 6 0  
0 6 7 7 0  
0 6 1 8 0  
0 6 7 9 0  
0 6 8 0 0  
0 6 8 1 0  
0 6 8 2 0  
0 6 8 3 0  
0 6 8 4 0  
0 6 8 5 0  
0 6 8 6 0  
0 6 8 7 0  
0 6 8 8 0  
0 6 8 9 0  
0 6 9 0 0  
0 6 9 1 0  
0 6 9 2 0  
0 6 9 3 0  
0 6 9 4 0  
0 6 9 5 0  
0 6 9 6 0  
0 6 9 7 0  
0 6 9 8 0  
0 6 9 9 0  
0 7 0 0 0  
0 7 0 1 0  
0 7 0 2 0  
0 7 0 3 0  
0 7 0 4 0  
0 7 0 5 0  
0 7 0 6 0  
0 7 0 7 0  
0 7 0 8 0  
0 1 0 9 0  
0 1 1 0 0  
0 7 1 1 0  
0 7 1 2 0  
0 1 1 3 0  
01140 
0 7 1 5 0  
0 7 1 6 0  
0 1 1 1 0  
0 7 1 8 0  
0 7 1 9 0  
0 7 2 0 0  
0 7 2 1 0  
0 1 2 2 0  
0 7 2 3 0  
0 7 2 4 0  
0 7 2 5 0  
0 7 2 6 0  
0 7 2 7 0  
0 7 2 8 0  
0 7 2 9 0  
0 7 3 0 0  
0 7 3 1 0  
0 7 3 2 0  
0 7 3 3 0  
0 7 3 4 0  
0 7 3 5 0  
0 7 3 6 0  
0 7 3 7 0  
0 7 3 8 0  
0 7 3 9 0  
01400 
0 7 4 1 0  
0 7 4 2 0  
0 7 4 3 0  
0 7 4 4 0  
0 7 4 5 0  
07460 
0 7 4 7 0  
0 7 4 8 0  
0 7 4 9 0  
0 7 5 0 0  
0 7 5 1 0  
0 7 5 2 0  
0 7 5 3 0  
0 7 5 4 0  
0 7 5 5 0  
0 7 5 6 0  
0 7 5 7 0  
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ERRE TSX ERRORp4 

ERRF TSX tRHORn4 

ERRV TSX E R R O R I ~  

8 C I  I t O I E )  

8 C I  I t O l F l  

B C I  1 . 0 1 V I  
REM 
REM T H I S  IS THE F L O A T I N G  PT. T A B L E  USEO I N  OBC 
OEC 1E+32,1E+16,1E+8.1E+4,lE+Z CONVERSION T A B L E  

REM 
REM E N 0  OF THE SAP SUBROUTINE NUUBER. 
E J E C T  

TAL1 OEC I E + l  

REM 
REM 
REM 

STORE SXD 
sxo 
L X O  

L O C J A  LXO 
T I X  
A X T  
1 x 1  
S T Z  

L O C J 8  C L A  

T H I S  I S  SUBROUTINE STORE. IT STORES CHARACTERS 
A T  THE ARRAY VAR. 

TEMP-139 I 
TEMP-14,2 
J. I 
M S H I F T . 2  
LOC J8 1 2 t 6 
36.2  
.+1,1,1 
VAH t 1 
YORO 

SAVE I N D E X  A. 
SAVE I N O E X  8-  
PUT J I N T O  I N D E X  R E G I S T E R  A. 
LUAO I N O E X  8 Y l T H  U S H I F T .  
ADVANCE MSHIFT.  
REFRESH MSHIFT.  
R A I S E  J BY O N t  1 F  M S H I F T  IS OVER 
CLEAR NEXT C t L L  
L E A V E  S I G N  B E H I N U  

L O P  -0 
LGR 4 2 . 2  MOVE CHARACTER 
S T P  TEUP-1 P L A C E S  TO THE LEFT.  

T A B L E  

LOCKA 

LOCK8 

LOCKC 

LOCKO 

C A L  TEMP-7 
ORS V A R + l r l  STORE THE CHARACTER A T  V I R -  
S X O  M S H I F T I ~  SAVE MSHIFT.  
S X O  J.1 SAVE J. 
L X O  T E R P - 1 3 , l  RESTORE I N D E X  A. 
L X O  TEUP-14.2 RESTORE I N D E X  8. 
TRA 1.4 RETURN T O  C A L L I N G  PROGRAU- 
REM 
REM E N 0  OF THE SAP SUBROUTINE STORE- 
E J E C T  
REM THIS Ib SUBROUTINE TABLE. I T  IS USEO TO 
REM CONSTRUCT A T A B L E  OF NAMES TO BE USEO ON CARDS 
REM A N 0  THfIH MEMORY L O C A T I O N S  R E L A T I V E  TO ARC 2 OF 
REM THE C A L L I N G  SEQUENCE- 
REM 
REM 
SXO TEMP-15.4 SAVE I N D E X  C. 
S T Z  TEMP 
T S X  C H H C T R t 4  
T 6 X  COUPARe4 
B C I  1.,OOOOO 
TRA *+5,2,2 
TRA L O L K O + I  JUNK 
TRA LOCKA A L P H A B E T I C  
TRA L O L K O + I  NUMER I C  
S T Z  TEMP COMMA 
TRA LOCKO 
REM COMES HERE TO CONVERT THE ADDRESS T O  O L T A L  
CLA TEMP THE TABLE. 
A L S  2 
A 0 0  TEMP 
A L S  1 

STO TEMP 
ACL nono 

* E M  .._.. 
REM COMES HERE TO , 
T S X  CHHCTR.4 
TSX COUPAR.4 
B C I  1..=/000 
TRA .+7.2.2 
TRA ERRA 
TRA ERHA 
TRA LOCKC 
TRA L O L K T  
T R A  L O L X F  
REM 
REM COMES HERE I F  

LOCKE C A L  TEMP 
CHS 
STO TEMP 
TRA LOLKO 
REM 
REM COMES HERE I F  

L O C K F  TSX CLEAR.4 
LOCKG TSX C H R C T R - 4  

..... 
TRA L O C K J  
SXD 8.2 
SXO 8.2 
TRA LOCKK 
REM 
REM COMES HERE TO 

STO YORO 

TRA LOCKG 
REM COMES HERE AT 

L O C K H  ACL -HOOOOOO 

L O C K J  TSX STORE.4 

AUOS TO MAGNlTUOE 

GET NUMERICS. 

JUNK 
A L P H A B E T I C  
NUMERIC - S I G N  

/ CHARACTER 

A D E C I M A L  P T  U A S  FOUNO- 
D E C I M A L  P O I N T  
MAKE S I G N  M I N U S  

A N  = S I G N  YAS FOUNO. 

M I N U S  MEANS FROM NEY C A R 0  

FOR 

JUNK 
A L P H A B E T I C  OR NUMERIC 
COMMA 
SLASH 

STORE CHARACTER. 
R E P L A C E  ZERO U l T H  L E T T E R  0 

E N 0  OF NAME- 

I . . . . . - .... . . .. . .. . . . - ._ . .- 

0 7 5 8 0  
0 7 5 9 0  
0 7 6 0 0  
0 7 6 1 0  
0 7 6 2 0  
0 1 6 3 0  
0 7 6 4 0  
0 7 6 5 0  
0 7 6 6 0  
0 7 6 1 0  
0 7 6 8 0  
0 7 6 9 0  
0 7 7 0 0  

0 1 1 1 0  
0 7 1 2 0  
0 7 7 3 0  
0 7 7 4 0  
0 7 7 5 0  
0 7 7 6 0  
0 1 7 7 0  
0 1 7 8 0  
0 7 1 9 0  
0 7 8 0 0  
0 7 8 1 0  
0 1 8 2 0  
0 7 8 3 0  
0 7 8 4 0  
0 7 8 5 0  
0 7 8 6 0  
0 7 8 7 0  
0 7 8 8 0  
0 7 8 9 0  
0 7 9 0 0  
0 7 9 1 0  
0 1 9 2 0  
0 7 9 3 0  
0 7 9 4 0  
0 7 9 5 0  
0 7 9 6 0  
0 7 9 7 0  
0 7 9 8 0  
0 7 9 9 0  
08000 
08010 
0 8 0 2 0  
0 8 0 3 0  
0 8 0 4 0  
0 8 0 5 0  
08060 
0 8 0 7 0  
080b0 
0 8 0 9 0  
0 8 1 0 0  
08110 
0 8 1 2 0  
0 8 1 3 0  
0 8 1 4 0  
0 8 1 5 0  
0 8 1 6 0  
0 8 1 7 0  
08180 
0 8 1 9 0  
0 8 2 0 0  
0 8 2 1 0  
0 8 2 2 0  
0 8 2 3 0  
0 8 2 4 0  
0 8 2 5 0  
0 8 2 6 0  
0 8 2 1 0  
08280 
0 8 2 9 0  
0 8 3 0 0  
08310 
08320 
0 8 3 3 0  
0 8 3 4 0  
0 8 3 5 0  
0 8 3 6 0  
0 8 3 7 0  
08380 
0 8 3 9 0  
0 8 4 0 0  
0 8 4 1 0  
0 8 4 2 0  
08430 
08440 
0 8 4 5 0  
0 8 4 6 0  
0 8 4 7 0  
0 8 4 8 0  
0 8 4 9 0  
0 8 5 0 0  
0 8 5 1 0  
0 8 5 2 0  
0 8 5 3 0  
08540 
0 8 5 5 0  
0 8 5 6 0  
0 8 5 7 0  
0 8 5 8 0  
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LOCKK T S X  
TNZ 
L X O  
T X I  
PXO 
ACL 

LOCKL S L Y  

TXI 
LOCKM C A L  
LOCKN XEC 

TNX 
TX1 
ARS 
T Z E  
R F Y  

LOCKP 

LOCKQ 

LOCKR 

LOCKS 

L O C K 1  

ERRA 

ERRG 

T E S T  

LOCLC 

LOCLO 

REM 
L X O  
TXH 
L X D  
TRA 
REM 
REM 
ANA 
ACL 
XEC 

LCIOK.4 
LOCKR GOES TO LOCKR I F  THERE IS AN ENTRY 
Jll 
.+I, 1, I ASSEMBLE KEY 
0.1 I R B  HAS F I R S T  FREE LOC. 
TEMP ... 2 STORE K E Y  I N T O  T A B L E  
.+le1 ADVANCE TO E N 0  
.+I 12, .. 
V A R + l r l  
LOCKL 
.+2,1,1 
LOCKM t 2 .- 1 
34 
ERRG 

MOVE NAME, 0 TO T A B L E  

TRANSFER WHEN DONE 
GO BACK TO F I N I S H  
KEEP ZONE O F  1 S T  VAR CH- 
WAS NUMERIC. OR J-0 

SLW I N  T A B L E  

REEXAMINE THE CUT O F F  CHARACTER. 
8.2 
LUCKB,ZI 1 COMMA 
TEHP-15.4 / CHARACTER 
1.4 RETURN. 

COMES HERE TO REPLACE KEY 
= 0 3 7 7 7 7 1 0 0 0 0 0 0  J + l  I N  DECREMENT 
TEMP L O C A T I O N  A N 0  S I G N  
L U L K L  SLY I N  T A B L E  

REM T H E S t  AR€ THE ERROR CALLS. 
TSX ERRORs4 
B C I  1 . 0 1 A l  
TSX ERHOR.4 
Btl 1 . O l G l  
REM 
REM E N 0  OF THE SAP SUBROUTINE T A B L E  
E J E C T  
REM T H I S  15 SUBROUTINE TEST. IT LOOKS AHEAD TO C L A S S I F Y  
REM A NEW CARD. ACOMMA W I L L  B E  PUT I N T O  THE CURRENT 
REM CHARACTER P O S I T I O N  ONLY I F  E I T H E R  Ill THE NEXT 
REM CARO 0 t G l N S  U l T H  A I S I G N  FOLLOUEO BY SOME OTHER 
REM CHARACTEK OR I21 THE NEXT CARD B E G I N S  WITH A N  
REM A L P H A B t T I C  A N 0  A N  = S I G N  IS FOUND A N 0  IT PRECEEOS 
REM A L L  I AND . CHARACTERS ON THAT CARO. 
REM 
REM 
SID 
SUB 
TPL 
XEC 
TXL 
T I X  
T I X  
TXH 
REM 
A X T  
L O P  
1x1  
TXL 
PXO 
L G L  
PAX 
ANA 
SUB 
T Z E  
T I X  
TRA 

L O C L J  TXH 
L D C L A  A X T  

S X D  
CLA 
S T O  
C L A  
STO 

L O C L B  L X O  
C L A  
TRA 
REM 
REM 

T E S T T  SXD 
AXT 
Loa 

LOCN0 PXU 
L G L  
PAX 
TXH 
TXH 
TXH 
TXH 
TXH 
TXH 

LOCNC T I X  
L O P  
TNX 
TXI 
REM 

TEMP-12.4 
=HOOOOLO 
L D L L A  
REAO. 
L O C L B l l . 1 6  
*+1,1,33 
*,1.16 
LDLLBI  119 

15.1 
RECDRD+3,1 
*+I ,  1,69 
L U C L B  I 1  I 7 0  
0.0 
6 
0.2 
= 0 1 7  
=013 
L O C L J  
LOCLD.1.14 
L O C L C + l  
LOCLB.2.15 
84.1 
1.1 
RELORO-I2 
a 
=H00000, 
unnn 
TEMP-12.4 
WOK0 
1 . 4  

FOR T A 8 L E  
TEMP--12.4 
84.4 
RECORD-12 
0.0 
6 
0.2 
L U L L B . Z r 4 0  
L 0 C N C 1 2 1 4 7  
L O L L 0 . 2 . 2 7  
L 0 C L A s 2 1 2 6  
LOLL8.2.11 
L O L L A r 2 1 1 0  
LOCN814.14 
RECOl l0+314 
LOCL0.4.1 
LOLN0.4910 

SAVE I N D E X  FOR RETURN. 
TEST FOR A I SIGN. 
P O S I T I V E  MEANS I SIGN. 
SAFE TO R E F I L L  BUFFER 
NUMBERS A N 0  S P E C I A L  
F I X  SO S L A S H  IS S P E C I A L  
MOO OUT ZONE 
S P E C I A L S  
A L P H A B E T I C  COME THRU. 
SCAN THE CARO. 

FOR CHARACTER COUNT 
DONE I F  WHOLE CARD SCANNED 
OK TO.SEARCH 84 COLUNMS 

ZONE TO I R B  
KEEP D I G I T  
DIGIT PART OF ,$.= CHR. 

CHECK ZONE 
T R Y  NEXT CHARACTER 

I . 5 N E E 0  NO COMMA 
04 IS CARD CDL 1 
RESET CHRCTR TO B E G I N  CARO 

S U B S T I T U T E  A COMMA. 

I N  AC FOR SR NAME, TABLE 
RETURN TO THE C A L L I N G  PRUGRAM. 

SUB STATEMENTS 

I F  NEXT CARD HAS V A L 1 0  
L E F T  PART OF SUBSTATEMEN1 

0 ZONES EXCEPT BLANK 
BLANK 
11 ZONES A N 0  I 

12 ZONES A N 0  8-4 

NUMERICS A N 0  BLANK 

REM END OF THE SAP SUBROUTINE TEST. 
E J E C T  
REM THE FOLLOWING FOUR SUBROUTINES ARE U S E 0  T O  
REM CONVERT D E C I M A L  O I G I T S  TO B I N A R Y  I N  VARI 
REM F I X  F L O A T I N G  P O I N T  NUM8ERS. FLOAT F I X E 0  P O I N T  
REM NUM0ERSi  ANU FORM A R I T H M E T I C  R E 5 U L T S  I N  THE 
REM PSEUDO ACCUMU LATOR I A C C I  FOR EACH OPERATION 
REM ON A CARD. 
REM 

0 0 5 9 0  
08600 
08610 
08620 
08630 
08640 
08650 
08660 
08670 
08600 
08690 
08100 
08710 
08720 
08730 

08750 
08160 
08170 
0 8 7 8 0  
0 8 7 9 0  
08800 
00810 
0 8 8 2 0  

08840 

00860 
08010 
0b880 

0 8 9 0 0  
08910 
08920 
0 8 9 3 0  
08940 
08950 
00960 
0 8 9 7 0  
0 8 9 8 0  
08990 
09000 
09010 
09020 
09030 
09040 
09050 
09060 
0 9 0 7 0  
09000 
09090 
09100 
09110 

08740 

00830 

08850 

0m90 

0 9 1 3 0  
09140 
09150 
09 I60 
091 70 . .  
09180 
09190 
09200 
0 9 2 1 0  
0 9 2 2 0  
0 9 2 3 0  
0 9 2 4 0  
0 9 2 5 0  
0 9 2 6 0  
0 9 2 1 0  
0 9 2 8 0  
0 9 2 9 0  
0 9 3 0 0  
0 9 3 1 0  
0 9 3 2 0  
0 9 3 3 0  
0 9 3 4 0  
0 9 3 5 0  
0 9 3 6 0  
0 9 3 1 0  
0 9 3 8 0  

0 9 3 9 0  
0 9 4 0 0  
0 9 4 1 0  
0 9 4 2 0  
0 9 4 3 0  
0 9 4 4 0  
0 9 4 5 0  
09460 
0 9 4 1 0  
0 9 4 8 0  
09490 
0 9 5 0 0  
0 9 5 1 0  
0 9 5 2 0  
0 9 5 3 0  
09540 
0 9 5 5 0  
0 9 5 6 0  
0 9 5 7 0  
0 9 5 8 0  
0 9 5 9 0  
0 9 6 0 0  
09610 
09620 
09630 
09640 
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B I N A R Y  C L A  VAN ACCUUULATE A S E R I E S  OF BASE 10 
ALS 2 D I G I T S  I N  B I N A R Y  I N  VIR.  
ADO V I R  ~- 
ALS I 
A C L  YON0 
STO VAR 
TRA 1.4 
REM 

LRS 18 CONTENTS OF THE STORAGE C A L L E D  
ORA -0233000000000 TEMP. 
F A D  -0233000000000 
STO TEUP LEAVE THE ANSYER I N  TEUP- 
TRA 1.4 

F L T  C L A  TEUP CONVERT TO F L O A T I N G  P O I N T  THE 

*E" 

LEAVE THE F I X E 0  P O I N T  NUMaER I N  
THE ACCUMULATOR- .,-.. 

ACCUM L X D  OPER.2 BRANCH FOR OPERATOR 
STZ OPER PREPARE FOR NEXT OPERATOR. 
CLA TFMP - -. . . -. . . 
TRA *+5,2 
TRA LOCUB 
TRA LOCUA / 
CHS 
F I O  ACC 

ACCIIN STO ACC 
TRA 1.4 
REM 

LOCUA C L A  ACC 
FOP TEMP 

M I N U S  
P L U S  

NONE 

O I V I D E .  

s i p  ACC 
TRA 1.4 
REM 

FWP TEMP 
TRA ACCUN 
REM 

tocue m a  ACC U U L T I P L Y .  

REM 
REU END O F  THE SAP SUBROUTINES ACCUM. F I X .  FLOAT. 

.... 
AXC I O C O t k  
XEC. S I Y R S )  -YTOL 6 
XEC. S I R C H I  
P I A  0.4 
STA. S I Y T C I  
C L A  TSXYR 
STO. SITES) 

TRA 1 . 4  
P R l N Y  A X T  .*rk 

TSXYR C A L L  (WER) 
IOCO I O R T  OUTBUF..I9 

EXECUTED FROU ITES) 

E J E C T  
REU SUBROUTINE READ. F I L L S  READ BUFFER FROM L O G I C A L  TAPE 1. 

C L A  -0016L00000000 CLOSE READ GATE 
S T O  .-2 
SXA AXT.4 
C L A  I N T A P E  L O G I C A L  I N P U T  TAPE NO. 
C A L L  IIUS) 
AXC IOCD..4 
KEC. IIRDSI =RTOL5 
XEC. S I R C H I  -RCHL 014 
C L A  T S X I S  SET UP BUFFER TEST 

READ- TSX READ.+lr4 READ. GATE I N I T I A L L Y  OPEN 

510. 
AXT A X 1  

TRA 
T S X I S  TSX 

SXA 
C L A  
$TO. 
AXT 
SUA 

TSXTT AXC 
XEC. 
AXC 
XEC. 
AUC 
XEC. 
TRA 

R T T  A N T  
T I X  
A N T  
C L A  
STO 
T I X  
A X T  
SXO 

S I T E S )  
..,4 
1 .4  
*+I .*  
A X l . 4  
=0016100000000 
*lTESI 
5.4 
RTT.4  

- .. . 
I N t U F + 1 4 r k  
RECOR0+2.4 

T S X  ERROR.4 
R a c i  I,OIRI 
5x1. S X A  R I T . 4  

AXC * + Z 1 4  
XEC. S I T E F I  
XEC. sissR) 
ANC I O C O . ~ 4  
XEC. SIRDSI 
XEC. S I R C H I  
TRA T S X I T  

EXECUTED FROM I T E S l  
CLOSE OUT BUFFER 
SAY BUFFER I S  Q U I E T  

PRESET REDUNDANCY 
COUNT 

-TCOL 0.4 

-TRCL 0.4  

= T E F L  0.4 JOB COUPETE 
RETURN . 

CARD SURE a m  

INTERROGATE COUNT 
G I V E  ANOTHER TRY 

SAVE IMAGE 

ERROR R O U T I N E  LOSE. 
I N  I N P U T  BUFFER 

SAVE COUNT 

TURN O F F  EOF I N 0  
BACUSPACEI 

REREAD 

09650 
09660 
09670 
09680 
09690 
09100 
09710 
09120 
09730 
09140 
09150 
09760 
09110 
09180 
09190 
09800 
09810 
09820 
09830 
09840 
09850 
09860 
09810 
09880 
09890 
09900 
09910 
09920 
09930 
09940 
09950 
09960 
09910 
09980 
09990 
10000 
10010 
10020 
10030 
10040 
10050 
10060 
10070 
LOOBO 
10090 

10110 

10130 
10140 
10150 
10160 
10170 
10180 
10190 
10200 
10210 
10220 
10230 
10240 
10250 
10260 
10210 
10280 
10290 
10300 

10320 
10330 
10340 ~~ ~ 

10350 
10360 
10310 
10380 
10390 
10400 
10410 
10420 
10430 
10440 
10450 
10460 
10470 
10480 
10490 
10500 
10510 
10520 
10530 
10540 
10550 
10560 
10510 
10580 
10590 
10600 
10610 
10620 
10630 
10640 
10650 
10660 
10670 
10680 
10690 
10100 
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