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Kosmicheskiye I s s l e d o v a n i y a ,  
Tom 6 ,  vypusk 6 ,  803 - 811, 
I zda t e l  ' s t v o  "NALJKA" , 1968. 

by V. R. E. Brauze, 
A. A. Dashkov 

& V. N .  Kubasov 

The method of c a l c u l a t i o n s  i s  d i scussed  of c l o s e  
p l a n e t  fly-by t r a j e c t o r i e s ,  t ak ing  account of p l a n e t s '  
p e r t u r b i n g  a c t i o n ,  w i t h  subsequent r e t u r n  of t h e  space- 
c r a f t  t o  Ea r th .  The p e c u l i a r i t i e s  are i n v e s t i g a t e d  of 
f l i g h t  t r a j e c t o r i e s  around Venus and Mars as a f u n c t i o n  
of t o t a l  f l i g h t  t i m e  and fly-by d i s t a n c e  n e a r  t h e  p l a n e t .  

It is  shown t h a t  du r ing  f l i g h t  t o  Venus i n  1967, t h e  
f ly -o f f  v e l o c i t i e s  from Ear th  t o  ensu re  r e t u r n ,  exceed 
i n s i g n i f i c a n t l y  t h e  v a l u e s  of optimum v e l o c i t i e s  of f l i g h t  
wi thout  r e t u r n .  

I t  is  shown a l s o  t h a t  t r a j e c t o r i e s ,  s imilar t o  those  
cons idered  i n  t h i s  pape r ,  e x i s t  n o t  on ly  f o r  t h e  Mars t a k e  
o f f  i n  1969 o r  t o  Venus i n  1967, b u t  a l s o  i n  o t h e r  y e a r s ,  
w i th  i n t e r v a l s  between optimum take-off d a t e s  t o  Mars of 
about  2.14 y e a r s  and t o  Venus about 1.6 y e a r s .  

The f l i g h t  t r a j e c t o r i e s  around p l a n e t s  w i t h  r e t u r n  t o  Ea r th  b u t  wi thout  

de l ay  n e a r  t h e  p l a n e t  o f f e r  g r e a t  i n t e r e s t .  Considered below are t h e  methods 

and t h e  r e s u l t s  of t h e  s o l u t i o n  of such  a problem, us ing  as an  example t h e  

f l i g h t s  from Ear th  t o  Mars and Venus. 

When i n v e s t i g a t i n g  t h e  t r a j e c t o r i e s  a s s u r i n g  r e t u r n  t o  E a r t h ,  i t  is  in -  

d i s p e n s a b l e  t o  de te rmine  i n  t h e  f i r s t  p l a c e  t h e  dependences of t h e  i n i t i a l  

g e o c e n t r i c  v e l o c i t i e s  on t h e  take-off d a t e s ,  f l i g h t  t i m e  t o  t h e  p l a n e t  and 
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t h e  minimum d i s t a n c e  t o  i t  dur ing  t h e  passage. I t  is a l s o  impor tan t  t o  

de te rmine  t h e  t o t a l  f l i g h t  t i m e  from t akeof f  t o  r e t u r n  t o  Ea r th  as a func t ion  

of fly-by c o n d i t i o n s  n e a r  t h e  p l a n e t .  

The c a l c u l a t i o n s  of unper turbed  motion show t h a t  t h e  f l i g h t  t o  Mars and 

Venus and r e t u r n  may be  performed i n  two y e a f s .  However, t h e  r e s u l t s  of such 

c a l c u l a t i o n s  cannot b e  used as r e f e r e n c e  f o r  t h e  subsequent  s tudy .  

The r e s u l t s  of c a l c u l a t i o n s  of pe r tu rbed  motion are then  a p p l i e d  t o  

a l low us t o  b r i n g  t o  l i g h t  t h e  p o s s i b i l i t y  of c u r t a i l i n g  t h e  t o t a l  f l i g h t  t i m e  

and dec reas ing  energy consumptions a t  t h e  expense of v a r i a t i o n s  of f l i g h t  d i s -  

t ances  n e a r  t h e  p l a n e t .  

The exposure of t h e s e  mechanisms provides  us  w i t h  t h e  p o s s i b i l i t y  of 

choosing t h e  most convenient  f l i g h t  t r a j e c t o r i e s ,  t ak ing  i n t o  account t h e  

fundamental f a c t s ,  and subsequent ly  c u r t a i l  t h e  volume of o p e r a t i o n s  when 

conducting t h e  computation of f l i g h t  parameters  and also of t r a j e c t o r i e s  f o r  

o t h e r  optimum c y c l e s  and t o  o t h e r  p l a n e t s .  

The mass computations of s i m i l a r  t r a j e c t o r i e s  may be conducted by a s i m p l e  

and f a s t - a c t i n g  method, based upon t h e  breakdown of t h e  e n t i r e  t r a j e c t o r y  i n  

s e c t o r s  and t h e  de t e rmina t ion  of docking c o n d i t i o n s  of t h e s e  t r a j e c t o r i e s .  

I t  is c o n d i t i o n a l l y  assumed t h a t  t h e  e n t i r e  f l i g h t  t r a j e c t o r y  c o n s i s t s  

of t h e  fo l lowing  p o r t i o n s :  

F i r s t  Po r t ion :  h e l i o c e n t r i c  f l i g h t  t r a j e c t o r y  from Ear th  t o  p l a n e t ;  

second p o r t i o n :  h e l i o c e n t r i c  f l i g h t  t r a j e c t o r y  from p l a n e t  t o  Ea r th ;  

f l i g h t  n e a r  t h e  p l a n e t :  

f l i g h t  nea r  t h e  Ea r th :  g e o c e n t r i c  t r a j e c t o r y  a t  f ly -o f f  and r e t u r n .  

The de te rmina t ion  of t h e  f i r s t  p o r t i o n  (Ear th-Plane t )  and of t h e  second 

p l a n e t o c e n t r i c  t r a j e c t o r y ;  

one (P lane t -Ear th)  may b e  conducted i n  t h e  assumption t h a t  t h e  sphe res  of 

a c t i o n s  of p l a n e t s  are drawn t o g e t h e r  i n t o  p o i n t s .  The f l i g h t  t r a j e c t o r i e s  

are determined w i t h  t h e  a i d  of Lambert-Euler equa t ion  (see El]). 

For t h e  de t e rmina t ion  of energy r e q u i r e d  t o  b r i n g i n g  t h e  probe i n t o  t h e  

i n t e r p l a n e t a r y  o r b i t ,  one has  t o  de te rmine  t h e  d i f f e r e n c e  of s p a c e c r a f t ' s  

and p l a n e t ' s  ( E a r t h ' s )  h e l i o c e n t r i c  v e l o c i t i e s  
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I t  i s  f u r t h e r  e s t i m a t e d  t h a t  over  t h e  p l a n e t o c e n t r i c  s e c t o r ,  t h e  t r a j e c t -  
-f 3 -f o r y  must be such t h a t  t h e  e q u a l i t y  V r e 1  = Vm b e  a s s u r e d ;  h e r e  V, i s  t h e  p l a -  

n e t o c e n t r i c  v e l o c i t y  of t h e  s p a c e c r a f t  a t  " i n f i n i t y " .  The magnitude bf t h i s  

v e l o c i t y  i s  l i n k e d  w i t h  t h e  t r u e  semiaxis  - a of t h e  o r b i t  by hhe r e l a t i o n  

1-1 
Vm = - 

la1 ' 
where 1-1 is  t h e  product  of p l a n e t ' s  mass by t h e  g r a v i t a t i o n a l  c o n s t a n t .  

From t h e  c o n d i t i o n  brought  o u t  i t  i s  p o s s i b l e  t o  determine t h e  parameters  

of p l a n e t o c e n t r i c  t r a j e c t o r i e s .  

Thus, t h e  "docking" of i n t e r p l a n e t a r y  and p l a n e t o c e n t r i c  t r a j e c t o r i e s  is 

performed by parameters  a t  " i n f i n i t y " .  

For t h e  d e t e r m i n a t i o n  of t h e  f l i g h t  o r b i t  parameters  between two p o i n t s ,  
+ i t  is  necessary  t o  a s s i g n  onese l f  t h e  rad ius-vec tors  and r2  of t h e  l a t t e r  

and t h e  f l i g h t  t i m e  t f .  

Mars, tV f o r  Venus) and vary ing  t h e  f l i g h t  times a c c r r d i n g  t o  t h e  f i r s t  ( t i )  an- 

and second ( t L )  s e c t o r s  of t h e  o r b i t  i n  r e q u i r e d  ranges ,  one may determine t h e  

p o r t i o n s  of t h e  o r b i t  corresponding t o  one another ,  t h a t  i s  having near -p lane t  

r e l a t i v e  v e l o c i t i e s  e q u a l  i n  a b s o l u t e  v a l u e ,  f o r  a t  c l o s e  p l a n e t  f ly-by,  t h e  re- 

l a t i v e  v e l o c i t y  a t  " i n f i n i t y "  a t  f l y  up t o  and f l y  o f f  v a r i e s  only i n  d i r e c t i o n  

wi thout  changing i n  i t s  a b s o l u t e  va lue .  I t  may be  shown t h a t  t h e  s e l e c t i o n  of 

such a c a l c u l a t i o n  scheme h a r d l y  a l ters  t h e  t o t a l  f l i g h t  t i m e ,  inasmuch as t h e  

fly-up-to a c c e l e r a t i o n  n e a r  t h e  p l a n e t  a t  rapprochement i s  approximatley equi-  

v a l e n t  t o  t h e  f l i g h t  d e c e l e r a t i o n  a t  take-off from i t .  

Fix ing  t h e  s p e c i f i c  p o s i t i o n  of t h e  p l a n e t  (tM f o r  

I n  p r a c t i c e ,  t h e  d e t e r m i n a t i o n  of t h e  mutua l ly  corresponding p o r t i o n s  of 

t h e  t r a j e c t o r y  i s  performed by t h e  method of o r d e r l y  excess  ( t r i a l - a n d - e r r o r  

method ? )  a s  fo l lows .  

Vv2) is  determined f o r  each oE t h e  t r a j e c t o r i e s  i n  t h e  r e q u i r e d  range  of t2 ;  

t h u s ,  t h e  dependence is obta ined:  V 2  = f ( t 2 ) .  Then, from t h e  ass igned  range,  

t h e  r e l a t i v e  f l i g h t  v e l o c i t y  V, t o  t h e  p l a n e t  i s  determined*, and w i t h  t h e  a i d  

of t h e  dependence V, = f ( t , )  w e  may f i n d  t h e  v e l o c i t y  V, , equal  t o  i t  and t h e  

corresponding t 2  (one o r  s e v e r a l ) ,  t h a t  is ,  t h e  h e l i o c e n t r i c  f l i g h t  t r a j e c t o r y  

Earth-planet-Earth i s  f u l l y  determined. 

The r e l a t i v e  take-off  v e l o c i t y  from t h e  p l a n e t  (VM2 o r  

( A )  f o r  each f l i g h t  t i m e  t l  
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l i i t h  such a s t a t emen t  of t h e  problem, i. e . ,  when t h e  p l a n e t ' s  sphe re  

of a c t i o n  i s  assumed t o  be a p o i n t ,  t h e  f l i g h t  o r b i t  a t  t h e  p o i n t  of p l a n e t  

l o c a t i o n  is a r t i f i c i a l l y  "broken", i. e . ,  t h e  p l a n e t o c e n t r i c  hyperbola  must 

be such  t h a t  t h e  v e l o c i t y  "at i n f i n i t y " ,  c h a r a c t e r i s t i c  f o 2  i t ,  vwhypy be 

e q u a l  t o  t h e  r e l a t i v e  v e l o c i t y  V, a t  f l y  up t o  and V, a t  f l y  o f f ,  i. e . ,  t h e  

fo l lowing  e q u a l i t i e s  must be f u l f i l l e d :  

where t h e  index 1 i s  r e l a t e d  t o  t h e  f i r s t  t r a j e c t o r y  s e c t o r ,  and t h e  index 2 

t o  t h e  second. 

I n  t h i s  way, t h e  "docking" of h e l i o c e n t r i c  and p l a n e t o c e n t r i c  s e c t o r s  of 

t h e  o r b i t  i s  performed accord ing  t o  parameter v a l u e s  ''at i n f i n i t y " .  

The g iven  method of computation o f f e r s  t h e  advantage of r a p i d  c a l c u l a t i o n s  

wi th  s a t i s f a c t o r y  p r e c i s i o n .  We s h a l l  c o n s i d e r ,  as an  example, t h e  t r a j e c t o r i e s  

w i th  t a k e  o f f  t o  Mars i n  1969 and t o  Venus i n  1967. 

I n  t h e  c a s e  of f l i g h t  t o  Mars w e  cons idered  t h e  c a s e s  when s p a c e c r a f t  

performs one o r b i t  around t h e  Sun. I n  t h a t  c a s e  t h e  encounter  w i th  Mars is  

p o s s i b l e  on e i t h e r  t h e  f i r s t  ( angu la r  f l i g h t  range  2f < 1 8 0 ° ) ,  o r  t h e  second 

(180O < 2f < 360O) h a l f  t u r n s  of o r b i t .  Considered a l s o  w a s  t h e  r e t u r n  t o  

E a r t h  a f t e r  two o r b i t s .  Then t h e  encounter  w i th  Mars t a k e s  place on one of 

t h e  f o u r  h a l f  t u r n s  of t h e  o r b i t .  The f i r s t  c a s e  cor responds  t o  o r b i t s  w i t h  

t o t a l  f l i g h t  t i m e  of about  two y e a r s ,  t h e  second one - of about t h r e e  y e a r s .  

The dependences of take-off v e l o c i t y  from E a r t h  and of t o t a l  aggrega te  

f l i g h t  t i m e  till r e t u r n  t o  Ea r th  on t h e  d a t e  of s tar t ,  t = f ( t s t ,  V f l y  o f f  = c 
c o n s t ,  rT = c o n s t )  are  p l o t t e d  f o r  each  t y p e  of t r a j e c t o r i e s  c h a r a c t e r i z e d  by 

f l i g h t  nea r  Mars on a s p e c i f i c  h a l f  t u r n  of t h e  o r b i t .  Examples of t h e s e  de- 

pendences are shown i n  F igu res  2-5 .  

When s tudy ing  t h e  fly-around t r a j e c t o r i e s ,  we  excluded t h e  c o l l i s i o n  tra- 

j e c t o r i e s ,  i . e . ,  w e  assumed f o r  Mars rr >, 3400 km and f o r  Venus rT >/ 6030 km. 

It  is  a l s o  a p p r o p r i a t e  t o  l i m i t  t h e  take-off v e l o c i t y  from Ear th ,  r e l a t e d  

t o  i n f i n i t y ,  t o  t h e  v a l u e  Vfly  o f f  ,< 6 . 5  km/sec. 
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In the graph for tC = f(tst) (Fig.2) the line tC = 2 years is drawn 

which corresponds to flight "at infinity" (rn = co) and divides the family 

of trajectories in two halves, in each of which one may find orbits with 

coinnion start date tst and the same flight time tl to Mars, having a different 

total flight time t i. e .  differing by the second portions of trajectory as 

a function of the disposition of the flight hyperbola relative to Mars. 
C Y  

Flight orbit 

_ _  
_*- - 

second ~ 

sector 

\ 
. ./ //-- 

Mars' orbit 

first sector 

E stands for Earth 
M stands for Mars 

Fig. 1 

Sketch of the flight Earth-Mars-Earth 

Isolines are drawn in the graph for constant flight distances near Mars 

rn = const alongside with 

from Earth, with the help of which it is possible to determine the optimum 

date for start, as well as the minimum velocity for a given flight distance 

rn near Mars. 

isolines of fly-off velocities Vfly offm = const 

It may be seen from the results of calculations that the optimum start 

date in 1969 for "two-year" orbits is 11 March. At the same time, the minimum 
fly-off velocity from Earth, determined "at infinity", constitutes 5.075 kmlsec, 

the flight time to Mars is t, = 112 days, and the total flight time is 730 days. 

.. to page 10 / 



6 

C 
.rl 

M c 
-4 
U 
k 
m 
U 
rn 
fi 
a, r: 
3 
s u 
Ll 
(d w 
0 
U 

c 
k 
3 
U 
a, 
k 

54 
32 
-rl Q 

rn 
k 
(d 
2z 
0 
U 

$ 
-rl 
U 

U 
s 
M 
-rl 
4 
4.1 

rl 
(d u 
0 
U 

w 
0 

a, 
U 
c 
a, a 

a 
a, 
3 
n 

U 
4 
P 
k 
0 

Ll 
(d 
a, 
h 
I 

hl 

a, 
3 
w 
0 

c 
b 
3 u 

4.1 
rl 
(d s 
U 
v) 
b 
?I 
w 
a, c 
U 

k 
a, 
3 
0 

rn 
k 

2 

2 
k 
(d 

U c 
bo 
*ri 
rl 
r% 

. 



7 

k 
aJ 
P 
E aJ u 
aJ 
R 

m 

k 
aJ 
P 
E a 

a s 

0 
b 
m 
4 

-rl 
M 
aJ 
P 

1 
Dl 
u3 
0-3 
4 
a 

d 

$ 
aJ c 
U 

U 
(d 

U 
k 
(d 
U 
v) 

(d 

k 
0 

4-1 

5 
k 
(d w 
0 
U 

c 
k 
1 
U 
a, 
k 

5 

2 

.rl 
3 
0 
M 

0 
U 

a, 
E 

.I-! 
U 

U c 
M 
-4 
l-i 
W 

l-i 
(d 
U 
0 
U 

W 
0 

a u 

a 
G aJ a 
aJ 
Gl 

$ 

w 
0 

G 
k 
1 
U 

I 
W 
4 
(d c 
U 
G U  
0 -4 
U P  
aJk 
0 0  

aJk  s a  
UP)  

h 
G I  
O N  
m a  
k 

2 
k 
(d 
aJ 
G 
U c 
M 

.I-! 
d 
Fil 



8 

m 
k 
(d aJ 
h 
m 
k aJ u 
W 
rd 

w 
0 

aJ 

a, a 
2 
5 a aJ n 



9 

Fig.  5 

Dependence of t o t a l  f l i g h t  t i m e  t o  Venus w i t h  r e t u r n  t o  Ea r th  a t  
s t a r t  i n  1967 
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As t h e  f ly -o f f  v e l o c i t y  i n c r e a s e s  t o  6 . 5  km/sec, i t  becomes p o s s i b l e  t o  s t a r t  

toward Mars beginning from 25 January  and ending on 10  A p r i l .  

A t  encoun te r  on t h e  f i r s t  ha l f  t u r n ,  t h e  f l i g h t  t i m e  range  t o  Mars c o n s t i -  

The c l o s e  i l i g h t  by llars a l l o w s  u s  t o  economize t h e  t u t e s  t ,  = 100 - 130 days .  

f l i g h t  t i m e  by about  60 days  (by comparison wi th  t h e  2-year o r b i t ) ,  bu t  r equ i -  

res a h ighe r  f l y  o f f  v e l o c i t y  than  t h e  minimum v e l o c i t y  a t  f l i g h t  "at i n f i n i t y " .  

The r e g i o n  of t r a j e c t o r i e s  encoudter ing  Mars over t h e  second h a l f  t u r n  ( s e e  

F ig .3 ) ,  has  no s h a r p l y  expressed  minimum; t h e  v e l o c i t y  minimum a t  take-off 

v a r i e s  from 5.070 km/sec a t  start  on 14 October t o  5.210 km/sec a t  start  on 25 

November, forming a p e c u l i a r  kind of " l i n e  of minima". Contrary t o  t r a j e c t o r i e s  

encoun te r ing  Mars over  t h e  f i r s t  h a l f  t u r n ,  a l l  cu rves  rT = cons t  i n t e r s e c t  

t h i s  l i n e  of minima, i. e. a c l o s e  f l i g h t  nea r  Mars' s u r f a c e  may be  m a t e r i a l i z e d  

wi th  minimum take-off v e l o c i t y  from E a r t h .  A t  encounter  w i t h  Mars over t h e  

second h a l f  t u r n  of t h e  o r b i t ,  t h e  f l i g h t  t i m e  t o  t h e  p l a n e t  is  590 t o  670 days ,  

t h e  s t a r t i n g  per iod  be ing  between 25  September and 25 December 1969. 

W e  cons ide red  above t h e  t r a j e c t o r i e s  of f l i g h t  around Mars and r e t u r n  t o  

E a r t h  w i t h i n  more o r  less 1 yea r s .  I n  t h i s  c a s e  t h e  probe e f f e c t s  more o r  less 

one r e v o l u t i o n  around t h e  Sun. However, p o s s i b l e  a l s o  are t r a j e c t o r i e s  a t  which 

t h e  probe performs more o r  less two r e v o l u t i o n s  around t h e  Sun and r e t u r n s  t o  

E a r t h  w i t h i n  more o r  less t h r e e  y e a r s .  W e  s h a l l  d e s i g n a t e  such o r b i t s  as 

three-year  ones .  

A t  encounter  w i t h  Mars over  t h e  f i r s t  h a l f  t u r n  (see Fig.4) f o r  t h e  th ree -  

yea r  o r b i t s  t h e  q u a l i t a t i v e  p a t t e r n  is analogous t o  t h a t  of t h e  two-year o r b i t ,  

w i t h  t h e  on ly  d i f f e r e n c e  t h a t  t h e  pe r iod  of s ta r t  i s  more sp read ,  from 1 January  

t o  20 A p r i l  1969. A t  s tart  on 7 March 1969, t h e  v e l o c i t y  minimum i s  3.45 km/sec, 

t h e  d u r a t i o n  of t h e  jou rney  t o  Mars i s  190 days and t h e  maximum p o s s i b l e  economy 

of t i m e  by comparison w i t h  t h e  three-year  o r b i t  c o n s t i t u t e s  60 t o  70 days.  

The encounter  w i t h  Mars on t h e  f o u r t h  h a l f  t u r n  of t h e  three-year  o r b i t  

t a k e s  p l a c e  from 900 t o  1000 days a f t e r  take-of f .  I n  t h e  r e g i o n  of minimum 

f ly -o f f  v e l o c i t i e s ,  e q u a l  t o  3.3 - 3.4 km/sec, t h e  t o t a l  f l i g h t  t i m e  economy 

c o n s t i t u t e s  30 - 40 days ,  w h i l e  a t  i n c r e a s e  of Vfly-offoo t o  6 , 5  km/sec, i t  may 

be dec reased  by 90 t o  100 days.  For t h e  f o u r t h  ha l f  t u r n ,  t h e  s t a r t i n g  pe r iod  
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lasts  from September 1968 

of s t a r t  cor responding  t o  

through January  1969 ( t h e  range  of p o s s i b l e  d a t e s  

t h e  l i m i t a t i o n  of V f l y - o f f m  t o  6.5 km/sec).  

When f l y i n g  t o  Venus, t h e  r e g i o n s  of r e t u r n  t r a j e c t o r i e s  are determined 

f o r  t h e  s t a r t  i n  1967, under t h e  c o n d i t i o n  f o r  t h e  probe t o  perform one o r b i t  

around t h e  Sun, whereupon t h i s  t o t a l  f l i g h t  t i m e  till t h e  r e t u r n  t o  E a r t h  i s  

of about  one yea r .  

A t  f l i g h t  nea r  Venus on t h e  f i r s t  h a l f  t u r n  of t h e  o r b i t  (see F ig .5 ) ,  

t h e  optimum take-off d a t e  is  on 7 June  1967. A t  t h e  same t i m e ,  khe f ly -o f f  

v e l o c i t y ,  determined a t  i n f i n i t y ,  i s  minimum and equa l  t o  3 .2  km/sec, t h e  

f l i  h t  t i m e  t o  Venus t ,  = 119 days ,  t h e  t o t a l  f l i g h t  t i m e  t i ll  r e t u r n i n g  t o  

Ea r th  is t = 384 days ,  t h e  f l i g h t  by Venus t ak ing  p l a c e  a t  a d i s t a n c e  of 

about  10,000 km. 
c 

I f  w e  l i m i t  t h e  f ly -o f f  v e l o c i t y  t o  6 .5  km/sec, i t  i s  p o s s i b l e  t o  s ta r t  

between 24 March and 24 J u l y .  I f  f o r  t h e  s ta r t  w e  cons ide r  a d a t e  r ange  of 

about  300 days  i n  t h e  optimum reg ion ,  t h e  f l i g h t  by Venus a t  d i s t a n c e s  cf 1000 

t o  15,000 k i l o m e t e r s  and more from t h e  s u r f a c e  t a k e s  p l a c e  a long  t r a j e c t o r i e s  

f o r  which t h e  f ly -o f f  v e l o c i t y  from Ear th  l i es  i n  t h e  r e g i o n  of t h e  minimum and 

c o n s t i t u t e s  3.2 - 3.5  km/sec, t h e  f l i g h t  t i m e  from E a r t h  t o  Venus c o n s t i t u t e s  

t i  = 100 - 130 days ,  t h e  t o t a l  f l i g h t  t i m e  is tc = 365 - 385 days ,  w i t h  s t a r t  

from 20 May t o  20 June. S t a r t  a t  f l i g h t  by Venus over  t h e  second o r b i t  h a l f  t u r n  

and l i m i t a t i o n  of f ly -o f f  v e l o c i t y  t o  6.5 km/sec i s  p o s s i b l e  between 9 Janua ry  

and 13 November 1967. The optimum d a t e  f o r  s ta r t  is  18 June ,  whereupon t h e  f l i g h t  

t i m e  t o  Venus t ,  = 174 days  and t h e  minimum f l y - o f f  v e l o c i t y  is 3.42 km/sec. 

In a range  of s t a r t i n g  d a t e s  of k15 days  from t h e  optimum (from 3 June  to  

3 J u l y )  t h e  f ly -o f f  v e l o c i t y  V f l y - o f f m  = 3.42 - 3.7 km/sec, t h e  f l i g h t  t i n e  t o  

Venus is t l  = 160 - 186 days ,  t h e  t o t a l  f l i g h t  tine tc = 480 - 520 days.  

Considering t h e  b a s i c  energy c h a r a c t e r i s t i c  of f l i g h t  t r a j e c t o r i e s  around 

Mars and Venus, t h a t  is ,  t h e  r e q u i r e d  f ly -o f f  v e l o c i t y  a t  i n f i n i t e  range  from 

t h e  Ea r th ,  VflYmoff  03, one may d e r i v e  t h e  fo l lowing  b a s i c  conclus ions :  

- a t  f l i g h t  t o  Mars w i t h  r e t u r n  t o  E a r t h ,  t h e  v e l o c i t i e s  Vfly-offa, exceed 

s u b s t a n t i a l l y  t h e  optimum v e l o c i t i e s  f o r  r each ing  Mars f o r  t h e  case, when 

no r e t u r n  t o  Ea r th  t a k e s  p l a c e ;  
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- a t  f l i g h t  t o  Venus wi th  r e t u r n  t o  Ear th ,  t h e  v e l o c i t i e s  Vfly-offco are 

i n s i g n i f i c a n t l y  h igher  than  t h e  optimum v e l o c i t i e s  f o r  t h e  case when r e t u r n  t o  

Earth does not  t ake  p lace ;  

- t he  f l i g h t  around Venus may be  accomplished i n  about one year .  The 

d i s t a n c e  of minimum rapprochemeht wi th  Venus may c o n s t i t u t e  from sevelral hundred 

t o  s e v e r a l  t e n s  of thousand k i lome te r s  f o r  a n  i n s i g n i f i c a n t  energy v a r i a t i o n .  

T r a j e c t o r i e s ,  analogous t o  those  considered i n  t h e  p re sen t  work, e x i s t  no t  

on ly  f o r  t h e  start  t o  Mars i n  1969 and t h e  start t o  Venus i n  1967, bu t  a l s o  f o r  

o t h e r  years ,  w i th  t i m e  i n t e r v a l  between optimum s t a r t i n g  d a t e s  of about  2.14 years  

t o  Mars, and of about  1 .6  yea r s  t o  Venus. 

Manuscript rece ived  on 
18 October 1967 
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