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The Space Shutt le o r b i t  p red ic t ion  program uses the Jacchia Atmospheric model. 
This model does not consider changes i n  density due t o  var iat ions i n  the solar  
f l u x  o r  geomagnetic a c t i v i t y .  This report  invest igates the errors i n  the 
Shutt le o r b i t  predict ion by not considering var iat ions i n  solar f lux  o r  
geomagnetic ac t i v i t y .  
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1 INTRODUCTION 

The Space Shut t le  o r b i t  p red i c t i on  program used by Mission Control uses the 

Jacchia model t o  compute the densi ty  o f  the atmosphere. Two e f f e c t s  no t  

incorporated i n  the Jacchia model (reference Jacchia) are changes i n  dens i ty  

due t o  (1) d a i l y  va r i a t i on  i n  the FlOm7 cm so lar  f l ux ,  and (2) hour ly  v ~ r i a -  

t i ons  i n  the geomagnetic index. The purpose o f  t h i s  i nves t i ga t i on  was t o  

ascertain whether o r  no t  these two e f f e c t s  should be added t o  the reference 

Jacchi a. 

METHOD 

A reference t r a j e c t o r y  was calculated using the  reference Jacchia. A compar- f 

ison t r a j e c t o r y  was generated using the same reference Jacchia p lus  a var iab le  
i r 

experimental e f fec t .  The d i f fe rence between the reference and compari son t r a -  i 

j ec to r i es  suggests the e r r o r  i n  the Shut t le  o r b i t  p red i c t i on  program. This e r r o r  i 
ii 4 

i s  due t o  the exclusion o f  the experimental e f f e c t  from the reference Jacchia. i 

i 
The reference Jacchia atmospheric model computes the n ight t ime minimum o f  the 

i 
i 

( c) 
3 

global exospheric temperature T when the geomagnetic index i s  zero, from 6 
1 

the equation f 
- 

(1 
i 

Tc = 383' 3.32' FlOB7 

i s  the 90-day average o f  the solar  f l u x .  To consider a d a i l y  where FI0. 
var iat ion,  an addi t ional  term i s  added t o  eq. (1 ) g i v i i ~ g  

where Floe i s  the d a i l y  va r i a t i on  i n  the solar  f l ux .  A reference t r a j e c t o r y  

was generated using values o f  150, 200, and 250 f o r  F10,7. For each value o f  
? - 

FlOa7, two comparison t r a j e c t o r i e s  were generated, one w i t h  a d a i l y  va r i a t i on  
lower than the reference, and the other higher. Values o f  FlOa7 used were 

110, 190, 160, 240, 175, and 275. The comparison t r a j e c t o r i e s  calculated Tc 

from eq. ( 2 ) .  



The densi t y  var ia t ions  w i t h  geomagnetic a c t i v i  t j  was represented by adding t o  

the exospheric temperature a quant i ty  T which i s  a funct ion of the  geomagnetic 
9 

index. The equation f o r  T takes the form 
9 

where kp i s  the value for the geomagnetic index. The reference Jacchia uses 

the year ly  average of kp i n  eq. (3) t o  ca lcu la te  T This does no t  take i n t o  
9 ' 

account any va r ia t i on  t h a t  might occur i n  kp. As i n  the  so la r  f l u x  p a r t  o f  

the invest igat ion.  the concept o f  using the downtrack e r r o r  between a reference 

t r a j e c t o r y  and a comparison t r a j e c t o r y  was used. A reference t r a j e c t o r y  was 
3 generated using eq. (3)  w i t h  a year ly  average o f  2.2 f o r  kp. Four comparison 

t ra jec to r i es  were made, using values o f  6 ,  5, 4, and 3 f o r  kp i n  eq. (3 )  t o  

simulate changes i n  the geomagnetic index. For a1 1 the geomagnetic t r a j e c t o r i e s  

generated, Tc was calculated using eq. (1) w i th  180 used f o r  F10.7. The average 

time lag  between va r ia t i on  i n  the geomagnetic index and those i n  temperature i s  

6 .7  hours. For the purpose o f  t h i s  invest igat ion,  i t  was necessary t o  assume 

t h a t  the change i n  the geomagnetic index occurred 6.7  hours before the s t a r t  of 

the mission and t h a t  i t  maintained the comparison value o f  kp f o r  the  dura t ion  

o f  the mission. 

A l l  t r a j e c t o r i e s  computed were t yp i ca l  Space Shut t le  type o r b i t s .  Table I 

notes the elements f o r  each o f  the three c i r c u l a r  o r b i t s  used. A mu l t i s tep  

Adams-Bashforth-Moulton in tegra tor  was used w i th  a fourth-order geopotent ial  

model. In tegra t ion  t ime was 7 hours, about f i v e  revolut ions.  

Results from the va r ia t i on  i n  so lar  f l ux  can be found i n  tab le  11, and tab le  

I11  shows the r e s u l t s  from the va r ia t i on  i n  the geomagnetic index. The two 

numbers separated by a hyphen i n  tables I 1  and I 1 1  are the reference value and 

the comparison value, respect ive ly .  Dashes ind ica te  no data was avai lab le.  

CONCLUSION 

A f te r  the errors were examined, i t  was concluded t h a t  the er rors  were not  

s i g n i f i c e n t  so as t o  j u s t i f y  changes i n  the Mission Control Jacchia Atmospheric 

model. 
t 



TABLE I .- ELEMENTS OF CIRCULAR ORBITS 

Orb i t a l  Elements Orb i t  1 O r b i t  2 O r b i t  3 

Semimajor axis, km 6563 6600 6841 

Inc l i na t i on ,  deg 5 7 38 57 

A l t i tude ,  km 

TABLE 11.- DOWNTRACK ERROR DUE TO VARIATIONS OF SOLAR FLUX IN KILOMETERS 

Orb i t  150-1 10 150-1 90 200-160 200-240 250-1 75 250-275 

1 4.6 4.3 3.7 - 5.6 - 

2 2.4 2.3 2.1 2.0 3.4 1 .O 

3 0.03 0.03 0.05 - 0.11 0.04 

TABLE I I I .- DOWNTRACK ERROR DUE TO VARIATIONS OF 
GEOMAGNETIC INDEX I N  KILOMETERS 

O r b i t  2.2-6.0 2.2-5.0 2.2-4.0 2.2-3.0 

1 5.4 3.9 2.5 1.1 

2 1.4 2.3 - 0.64 

3 0.09 - 0.04 0.02 
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