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PREFACE

One imporant factor in the planning of interplanetary round-trip
missions is the propulsive energy required. Because the planets move
in inclined, elliptical orbits and with different periods of revolu-
tion, their relative orientations are continuously changing. This fact
makes it necessary for mission planners to investigate various round
trips in order to make intelligent decisions concerning tradeoffs be-
tween outbound and inbound travel times and stay times on the desti-
nation planet. Correct combinations of departure and travel times can
greatly reduce the total amount of propulsive energy required for the
mission.

These data are intended for use in mission planning and are pre-
sented in a form that readily permits an estimate of the required ve-
locities for specific missions, an assessment of the velocity penal-
ties associated with delayed departures, and an evaluation of various
combinations of transfer times for each leg of the mission and stay

times at Mars.
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SUMMARY

The velocity increments that are required to transfer a vehicle
from an Earth parking orbit to a Mars parking orbit and return are pre-
sented for a range of departure dates during the time period from 1971
to 1977. The departure dates fall before and after those for minimum-
energy trajectories, i.e., May 1971, July 1973, September 1975, and
October 1977. The parking orbits are circular and are at an altitude
of 100 n mi.

The required velocity increments are presented primarily in graphic
form. The individual and total velocity increments for one-way trips
are given for transfer times ranging from 100 to 300 days, in 50-day

increments.
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I. INTRODUCTION

For a vehicle to travel in a ballistic trajectory from a closed
orbit around Earth to a closed orbit around Mars and return, at least
four separate velecity increments must be added impulsively to the ve-
hicle's initial velocity. In order to accomplish the mission with this
minimum number of velocity increments and without changing the planes
of the parking orbits, the mission must be designed to meet the fol-
lowing conditions:

1. The Earth parking-orbit plane must be oriented so that it con-
tains a line that passes through the center of the Earth and
parallel to the asymptote of the hyperbolic escape orbit at
the time of departure from the Earth parking orbit.

2. The heliocentric transfer trajectory must be designed to in-
tersect the sphere of influence of Mars at a particular point
and with a particular velocity vector so that the resulting
hyperbolic-orbit plane and consequently the Mars parking-orbit
plane will be correctly oriented at the end of the stay at
Mars.

The first condition may require complete freedom in choosing the
azimuth of launch. This depends somewhat on the location of the launch
site, the total mission time, etc,

The second condition requires that both the stay time at Mars and
the return transfer trajectory be specified before departure from the
Earth parking orbit.

Two important factors in determining the total energy required
for a Mars mission are the distance of Mars from the Sun and its ce-
lestial latitude at the arrival time.(l) In 1971 both of these quanti-
ties are small, and consequently the required incremental velocities
are a minimum. After this time both quantities increase in magnitude
at the preferred arrival times and cause, as early as 1975, a signifi-
cant increase in total energy required for a given mission. Every 15
years a given orientation of Earth and Mars relative to each other and
to a reference direction will be approximately repeated, because 15

Earth years are approximately equal to 8 Mars years. Thus the most



favorable departure conditions that occur in 1971 will be about the
same again in 1986,

The data presented here are based on the assumptions that the mis-
sion can be accomplished with the minimum number of velocity increments
and that the parking orbits are 100-n mi circular erbits.

Numereus curves are presented to shew the velocity increments that
must be added to the vehicle's velocity in erder to depart and enter
100-n mi circular parking orbits about Earth and Mars. Also, graphs
showing the sum of these velocities for each leg of the round trip are
presented. Dates of departure from Earth and Mars range about the
Hohmann departure dates of 1971, 1973, 1975, and 1977. The first de-
parture frem Earth is April 24, 1970, and the last is AP?;% 2, 1978.

Interplanetary trajectory data computed at Lockheed served as

a basis for the data presented here.



II, ANALYSIS AND DISCUSSION

The four velocity increments required to satisfy the orbital-me-
chanics problem for purely ballistic flight from an Earth parking or-
bit to a Mars parking orbit and return are defined as

AV = velocity increment required to transfer from the Earth

ed
circular parking orbit to the correct hyperbolic escape

orbit

AVma = velocity increment required to transfer from the hyper-
bolic escape orbit to the circular parking orbit aroeund
Mars

Ade = velocity increment required to transfer from the Mars
circular parking orbit to the correct hyperbolic escape
orbit

AVea = wvelocity increment required to transfer from the hyper-

bolic escape orbit to the circular parking orbit around
Earth
In order to accomplish a stopover round trip to Mars with mini-
mum total velocity increment and with only four velocity increments,
the parking-orbit planes must be coplanar with the planes of the hyper-
bolic escape orbits at the times of departure from the parking orbits.
If some particular orientations of the parking-orbit planes other than
those dictated by a solution of the orbit-mechanics problem are desired,
additional velocity increments will be required. In general it will
not be possible to correctly orient the parking-orbit planes by simply
delaying departure or varying the stay time at Mars.
The four velocity increments defined above were determined with
the use of heliocentric orbital-transfer data computed at Lockheed.
The heliocentric transfer orbits between massless points coinciding
with the centers of Earth and Mars were computed for departures from
Earth and Mars for every 10 days during the period from April 1970 to
October 1978, Transfer times for each departure date ranged from 40
to 480 days in 10-day increments.
For each heliocentric trajectory that was computed, the hyperbolic

excess velocities relative to the departure planet and the arrival



planet were determined. These velocities were used to determine the
velocity increments required to leave or enter the 100-n mi circular
parking orbits. The velocity increment to be added to the circular-
orbit velocity in order to enter the hyperbolic escape orbit at peri-

gee is

2 2 2 2
= - = + - = + -
av Vco Vc Vesc Ve Vc 2 c Ve Vc 1)
where

v = cutoff velocity

co 7

VC = circular-orbit velocity

V°° = hyperbolic excess velocity

For 100-n mi parking orbits around Earth and Mars the circular-orbit
velocities are 25,570 ft/sec and 11,460 ft/sec, respectively. Equa-
tion (1) is valid only if the increment of velocity is always added
collinearly to the existing velocity vectors. Because circular park-
ing orbits are assumed, the vehicle will transfer to and from the hy-
perbolic escape orbits at the perigee points.

Figure 1 gives the impulsive velocity increment, AV, that is re-
quired for a given hyperbolic excess velocity, Vm, when departing or
entering a 100-n mi circular orbit arcund Earth or Mars. It is clear
from the figure that AV is less than V°° if V_ is greater than 0.5 Vc'
Also, this figure can be used to convert the AV's back to Vw's in case
some satellite-orbit altitude other than 100 n mi is desired.

As mentioned earlier, the outbound heliocentric transfer orbit
can be designed so that the resulting hyperbolic escape-orbit plane,
and consequently the parking-orbit plane at Mars, is correctly oriented
for any specified future time of departure from Mars. If some orien-
tation of the Mars parking-orbit plane other than the one required for
the return trip is desired, a plane change is necessary. For a change

of 6 degrees the required velocity increment is

AV = 2V  sin 6/2 (2)
cm
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where ch is the vehicle velocity in the Mars circular parking orbit.
In practice the desired orientation of the plane should be established
by properly designing the outbound heliocentric transfer orbit, Then
the orientation of the parking-orbit plane would be changed to the cor-

rect value for the return trip.



III, RESULTIS

The data presented in Figs, 2a through 9c are based on transfers
between circular parking orbits of 100-n mi altitude and the assump-
tion that the heliocentric metion is Keplerian; i.e., all perturbations
are ignored. Because perturbations are neglected and the conic sec-
tions are patched together to form the complete transfer trajectory,
the velocity increments are approximate. In any case the error in a
velocity increment obtained using these approximations will not ex-
ceed 200 ft/sec.

The dates of departure for Hohmann transfer trajectories for the
two-dimensional circular planetary orbits are April 1971, Jume 1973,
September 1975, and November 1977. These dates are approximately the
center dates of the data presented in Figs. 2 through 9. Data for
these Hohmann departure dates are given by Figs. 2 and 3 for the 1971
date, Figs. 4 and 5 for the 1973 date, Figs. 6 and 7 for the 1975 date,

_and Figs. 8 and 9 for the 1977 date., Total velocity increment for each
leg of the trip is shown, as well as the individual velocity increments.
Thus, the graphs in the figures can be used not only for planning round-
trip stopover missions, but also for planning fly-by missions or mis-

sions that employ atmospheric drag to accomplish a velocity change.

MISSION EXAMPLES

In order to illustrate the use of the graphs two examples are

given.,

Example 1

Assume the two following hypothetical missions are desired:

Time (days)

Mission 1 Mission 2
Earth-to-Mars transfer time ......... 150 200
Stay time in Mars parking orbit ..... 0 0

Mars-to-Earth transfer time ...... ... 200 150



(1,61 4d9S 9 - 0261 4dY $Z) SBwWl} 19)SUDJ} 4JUD4SU0D 404 (PUAY + PPAY ) snsuaa 940p 84nyupdap Y4403 —0Z "By

126) 1d9s 9 1,61 koW 62 tL61 @24 8l 0L6! AON Ol 0.61 bnv 2 0L61 4dv $2 4 00
002Iv 2 00112 000IvH2 0060t 12 0080t b2 00L0b¥2 uolnp
ey L 1 T b : T ”4 i i ‘fx : . p_ o
SIDWN 0} : H
; 002
: e o7
S £ osedl 00 1 S
008 Ml e
: K + : ov —~
] i >
0S N
T F faiit a
00¢ 002 ¥iit i i : : +
x:m..mﬁ,,.m } T g “ o9 D
ol i 0Ge hii 0S¢ s 5
: 0og : W 002 . e
: T g |°UQ.
2001 : o8 §
3
H o o
w
i it e
S 08l 4 001 =
HEL ~
[
o
N
) _
002 0¢
00¢
ovl
HiiE sAop 00 i




261 43S 9
00741 4 £

(PP 0Gi ‘001
SawWi} Jajsubiy Juojsuod 1oy PYWAY puo PPAY snsuaa ajpp eunpiodap ypuo3 —qz iy

1,61 koW 62 261 984 8I 0461 AoN Ol 0.6l bny 2
OO0livbe 000Itbe 0060t 2 0080t b2

0.61 14V H2
00L0t%2

CH L m T m T T m Hi r‘m rm T m “ T Mmmmu = m o
a: I T T H } ir T FEHA
=32 < + rrEiTH =8 T sgasnss
T oy Ot il HHA i
L AV H i 3 i TREE5
1T T anundizis SEiE
! : T I 2 i
= ; i 4 Ol
it - i1 it : q
Frif] 5 1 HYH ] H
H i ESSExnEd QU EEw 1
E f S BT S S
SR : ] i £ HEHL 02
aavdinddd3a H THIA tHH H H4 1+
tH HHHHE e A3 Sgmeagis
pr N i
- H-tr- HH T HEH
N HOHTHT s HH
| BN b H H
Ol EHHA FHH .M
Eakieiizey ]
®
05l X ki i . 7 el
mmu_ EEgn \uaR .x|_ [«]
ANNDEEEEE 3 2 N W-
s H
P°Av i
00| £ W
(0}
OG!S 3
Bawk " | -
¥
; g
i ¥ : 1« 8
skop 00l HOGI i » 0s 3
feras t L = e
CH FHHHE LR ] : e o
H HH G -
33 AT+ -4
i g i L B EEEn 3
o T ua » ang pubeiin_tg 1 "
H R = 09 o
H S I Lo O INF LT 1 =K aann SasEs S " o
- T nass " HH 3 £any A b peE:
il I @ £} i
1 » HH T e .ll t ]
: _ b oL
1 = g aas SSRET
: Hi s geass jopatyrdz] T
Frh ; £
: 1
: ;
T T r | T ; 08
PR tHTH i
fy : jEbizsyasaias tadaasn . £
_ : R i i
H s e < L T -
: h f L -H - O : 1h T e
depar Sl e e T . EiEIn ARG
e e EE e R T HL e HEE B RN IR

aj0p
uoyjnp



(sAop 00O¢ ‘062 ‘002)
SOWl} JajSuDJI} JUDISUOD 104 PWAY pup POAY snsiaa ajop aJnjindsp yjio3z —ag O14

1L6] 495 9 1.6 AOW 62 1261 a°d 8| OL6! AON Ol oLel bay 2 0L61 19V ¥2 45
002IbY 0011t b2 000Ibb2 0060v b2 0080v 42 00.0bb2  uoine

e . ; : ; T g e g s s IS
Eia48se] L e i HHHH HtHH 1 AT HoHE LT B T REats ContinRElp bunus Sas
f 8 X P T 2 e SRS X meT
§ : = F a e T Y ARpneeazibatdSonaratad KEnsa RS
H SEiisenafiadiit RESEEEAEEE 2 : _ : _ : e,
LH e t HH T 1 1 T HH : Tt
H HE OON h wr fg Ean el .« > t T T RRa e
o ? A TR{EET T §
— SEa 1 2y Y T + T
s = : : _ ; 4 Ol
: : SESERLEE 23 T :
- + 1T g o T _ 1
azzss ﬂ_ T T T :
N HE T T 1
L } : T - : 1
i i 8 % ! |
ox: A
Tt b - t 7 4
. 1
v u: H = +
H 0G?2 02
1t 144 4"1“
IppsE TN N
H +H t T ; |
. +H T al L ) T » " |
3 1 ¥ H i HHH
i 555 d
imad svlll o) H ow % T
B POAV bR e e i AV A Joe &
= .. <
i H 00¢ putg =, 75 4] -4
s H PRy 0G2H
aaEx | W
LT ¥ KU
HH % 1 a
s Sl i e i S RS i sko i i
i i p 00z ob
¥ 2, 3
T a
00¢ H -
H -
t H >
. ! [+}
FH
c
: : 08 §
H T o
: g5 3
: : 58 :
+ t F
s HHT sarjessbogtactisys it H 3 =4
: zes ;
1337 -
- 09 2
suz Sas
S T T 17 ot /
i FH b b ]
T HHH TH - %)
F H T o
£ 5 3 o,
H Shkzunan i T
jtisedcd - 52 : | o
3 aERi i £ :
¥ 8 4
o kRS : SSEssitaT TEASSIED
Y 5 - + t T
: 7 g HHES £
; HHH
: : Hi Bae s b Bearissceabpestpsabbiztes T
: Easasanapnananyeunblabaatayipgs
- ; M S Bepe H A
t - NN B NGASE gu D M bgubgbuauy puyh: e+ t
ik V, j It e o8
T i B REREEEEn
i 1 B jaeas rm H »» -t 1111 1 lt. Auhl '.UT | MBI T
P T H 1 T T T , zm
HE e £ 3] ;i Y i bt pHe i
H Beeds Ry gy NS wUE %) 0% SRk I Eauns T péazum B
e S e HHE Lﬁmw J3antats: B 1 1 e bisitishpditl thaesl ] t
T T T o o2 L H P.m. T 5 Exa Jesny e is ITESARStaSe o HH
H P ! £ i T %Huur T H HHH sk 1 THH H
3 3 iaass 1oals 1 R R e HEE T $asbgesaszscns jgds:
: i 1 s PR R e T et ettt e Lt i
HT = e T 551 Red st st] .Hx..m‘x‘ﬁn“ﬁ:wn biet: FESERESEE: atEe edn fifs HEE st T s LR
] e Seae: : Hriihe SES1E patadheess i Hisern L o
Frb T e e e e R e e RN U SR R e R i e HE I R RN R ST 06




(2,61 DN 2 - 0L6] AON OI) S3WI} 194SUDIY JUDISUOD 104 (PPAY + PWAY) snsian aypp 94njipdap sibw —Og 'Bid

2461 10N b2
00t Ivb2

iL619°Q GI
oogivbe

1261 1d3s 9
0021 b2

1261 koW 62
00l1tv2

1261 9°4 8l
0001p¥2

0461 AON Ol

0060t b2

SN aN

6
}
un

-Z1-

0

02

ob

09

08

o]e]]

(ora|

ovi

ajop
uoifnp

(99s/13 30 spuosnoy}) (P3AY +PUAY)



(sAop OGI ‘001)
SBWI} J3jSUDt} JUDISUOD U0y PPAy pup PWAY snsiaa 8jpp aunjindep siDN—qg bl

2.8| oW b2 1261 38Q Gi jL61 4deS 9 1261 AoW 62 1261 934 8| 0461 AN Ol aj0p
oovivve 00givve 002iv e QOollvve 000Ivb2 OOmovﬁm uoinp

2 " ; - sanzezzanzzs s oEaztEyprzmneozzpaees 0
T HE PR T SEEA g eEq ey TR
o mERENSAR & e 1 7] NEspiey .,, ,,.v. TR M Hit
H+-H 1 sizud dukaak ZunRkRal S22 NEL] F H Wi THEEE:
HH y}iaD3 0} SIDWNH H FE T HHTH ?.u, HEi [ ._m IR,
+ ass SN -1 - o4t " o LiTsY + !_ |
i T B R ; H RN SR pH R
Iezssasadin H T N B T B EH s st Ol
gig SappEndeaysal Iy L 3 P T 4 Rehian
HHH H] b+ i ] 2 geanukan vt #adfuna T f T AT e L 4 b f }- g AR Y 4
B th i R H EREE ] HEH T Sidxfeans R T e
Hr T HH F T SE=naEARE] .
gaizy i g8 P Agtek anw géil H [REsRenes REREIMEELD iy %x.u ! R
i TR R e HH (s PHEHTH = <iIEE b HHEH HHHTN HHTET £t H
HeoH o R p G 1 L PR T ”u E H AT L B T ] Raxsgfaln N R tr_ oo, oy ON
i e RERINIERasRac: : T Patlit)” gt e b PN b & i it
¥ i3ssss CfRsatsags B SHE S st Hfr: i el R 5
T : i A e T P T B R T ! i i
L HE -+H H o FREE T b FETEHHTE His T i : hg H T
fhalazeatd g b SRR R R R L P 1 M. L s
G [ T H : Asph T D
v A AT TR AT H 1 AT FYTESARANEE: <
H Hi ! o T TR R ] Her aiEy os nwu.
i T HA b L i1 Lol e e mEy TR e AN F14 ke [
ree R H : FEH HT i f30d septpletl i stainic JHH HHHH =1 PEN a
NEYRE AERER EN 4 R g it [+ H 141 3 S RN T B & 7
i i D >
2 H = : e B R e o s M £ a
i pHT Fp e T {4 11 H e HHH A e gEas aERERails
Ve P HHE T 15 HH it D>
i i S e R S R o e o
gasxphunsy A T R T & LETH HHET . ah5z oY ©
(e Bt OG) H i LrHH H L R e R P A A H
HhH H H HEHA P T e E R Asdgasay H i e s 'W
H i H HH A THE T HEER S HIEHH A HHTT
& T = it gaim pukid (¥ dasdny dExiRdfils AH‘. e b wanEfiieatrninn spiyngfunnnnfabn shg! H

5
32 SaaT
e

j
5
%
X
H
T+
}
oy
£

,.
et
s

T

T
;
‘

T
Tt
-
T
5
i

:
;
]
]
.
T
o
o
;
j
o
i
it
I
=
5
oF
e
:
;
ot
B
;

i

(@]
o

}
1
T
f
f
1
:
T
gaia
-
]
;
T
;
:
T
}
Iy
FH
T
X
T
;

TH
Y
Y
i
:
T
h
H
1
:
]
;
=
H
e
T
Fr
SRR
o
‘J
74
>
o
©

1T

e gy
L0

t
T
T
1

(938 /4 4O spupsnoyy)

I TR E A T i BT HE £ Tw” LR R A H e R R A JEEE iEet :
¥ EESRMNEGERIIEIANY IRRRG w ] s ENNRS A e e B e N L THHTH
qmﬂ.T H iahtitaalotas naln i AR R R TR N LY [HRE
e EE 8 F H PR TR S TAEeletts HHHH HiH [Hi | H
AV i R i U TR R FEpepataygengngpanatyanaguoiiy A ‘M. ‘_1 mn w i i 09
T P S T B TR Hl I eer iy e R I TN T ] }
L e e T e LB B T AT L T | i

Tt
C
t
1

T
1

t
)
=
T
1
}
T
it
T
it
ans
1
e
a2

T

prass pri i

1
e
e L
T
1
H
T
T
T

T
Ty
T
T

T

s

T
aan

A RaREs Ainas nant

"
b
"
t
!

T
;
at
7
:
e sy e,

imane
s
1

o
[

T
i

T
-+
t
PR g

o el
T
T
11
iy
T
T
1
[
mus
T
[ e mpe

H OL

T
T

+H
T
¥
)
1

T
1
=
T
}
a3
al
t
T
L
rt
{nna;
;
In}
11
t
1
T
ks
T3 T%
1
P
eI
g
T
st
it
aRs
I
g
T
+
s
T
v
=P

pa g Ny

T
o

T
prkons

i T W R R R R i
S A TR R B B AR B R TR Ny

iedpas!
1
t
it
s

ey a1

08

fs
bowmy
¥
T
1

i o

i gt

] 08avy (ihiL] T I e NE i .
A\ b _ ;
bt T : B ]

7 al
e

7]
(Rl es Enban hul

o

i

T

oy At e

T
1

4

T

T
L TR

T
it
!
i
o

et

=31 06



2.61 oW H2
oovivbe

(sfop 00¢€ ‘062 ‘002)
SaWIy JajsuDiy JuUbisuod oy PPAV pub PUAY snsisa ajop ainjupdep siop — og By

1261 290 Si 1L6] 4d3S 9 1261 Ao 62 L6192 8l
00€1v b2 00zIv e 00lipt2 0001vb2

Q.L6l AoN Ol
0060v 2

t T T i} PR R b b A fr : : T 0
, i : s o : : : ot
H : i 1 ! : i £
HE L et e i |
R e T il A ]
: + o 1 : s |
: pH s : _ ! F v F : Y
g s gt i .00€!
: ol H- ey A
T g B G s e % E |
T H st sands aus) 5 |
Tt T e o aEE2 HT 4
s anaiziiage S 3 EREER Saot; axeRi t A faseet: eaEsitatet seinasls 25t
T = o, T H H ¥ I +H +
i B THH o - 7 1 H QOgHE: ; =4 02
U Ly T tH T i By b Lt
AV i I § 1y H 03 00g i
B H R o AV
SeEfagaeasas sEiasnis o T ZEisdsiesdintas
= H
FH HH HYe pw
z friih HH i T >< HH SSaE: N
8 aguukshii | NRpRENS, T
‘ Fioos B L e 3
S, s : ; S
fEER giechie i il i ; o
neNEE i W + T i ; Q
E i i _ a
HHER HHH D
: Bt ot =<
: H F e Ob o
nDe H H 7 0
HOSAV T : : i 2
I + T T &) na
5 S5 ] EEi: ; 5 ; =
£ E B b 4
T : T f i t TN o
; shop 00z §ilf | : €
: i ! : ; . o
_ i =4 06 2
+ saRdyanss Ebast 3 Q
: s b i = tHo e e e e e 2 @
T Hr S A ; o . F o
[D? : : Saar -
W >< [ Hy + H 35 T ] AN gaan -
$ttseees el fEpdEE L 3
tHH T ; »
: : 09 o
: ‘ e
: ! HEh
gsassk gEasEskuy:
saaid oL
i A
2 : &=
1 T an !
T (W
= T
=
5 R : it 08
yu t l
T : :
; : @ ; I t :
; , ‘ : _ w
)8 T T
T b : 1 y s . :
P Hr ) T 1 1 T T
i P f ! I : ! : i 06

%1~

ajop
uoi|np



(E261 AON t1=2261 NP Z) S9WI} 194SUDAY JUD4SUOD 104 (PWAY 4 PPAY) snsian ayop sinjiodep yijio3 —op "Bid

€161 AON b| €61 490 G2 ¢/61 1dy 82 €.61 uor gi 2,61 120 01 2e61 MM T o0
0002t v2 0061tb2 008Iv b2 00.LI1bb2 0091vb2 00Givy2  uoyinp
2 = S5 T : : o
m _ 02
: : 062
- 2 mvoN. : 0¢ i
062 o : e ov >
Ay OO : 052 5
i 0s2 +
ik >
7 002 09 <
i HE 002 w
osl - 00¢ =
00! _ =
00¢e H 08 W
o
-4
; | &
: =4
LN ool =
o @
<
oo ozl
ovl

-G1-



(shop 0G1 ‘001)
SBW|} 48)SUDJ} JUDSUOD U0j PUWAY pub PPAY snsusA ajpp 8unyipdsp yiio3—aqp b14

€.61 AON bi €461 150 G2 €61 1dy g2 £.6) uopr g 2.6] 120 Ol 2.6| Inp 2 310p
0002v b2 0061t ‘ 008iv b2 00Libbe 0091t b2 00Siv 2 uoinp

T L | " . TR T °

Yj403 :

iR

T
B
T
T
T
o o]

SJD

W 0}

o s

i
T
I
i

[ ey
Y
=,

i

i1 I
Sl t ol

T L o IH5E

o8 Kl
15
J&3

Eqi ekl ies HEIHTHER A Easeh

H 248 B 5 ghisa

o ‘ F s i 1+

7T r e T Hi i HH
HA LT EAT

0o¢

i
I HiiE g
R f:
- i3k = uh ke Ram
NG T i ST s smgsamares saew =

T
T
t
t
T
T
o3
T
+
t
1
e
Hu gl ondwg wung;

gl s g cp |
T T
T
1
T
i1
t
1

O
2]

aA
AWEN W 3 . a
g T S ] e : + HEIRE
H b i 15 B e
Rk axa Engen Exaax < Seyaenmn to=3 rpoe Q
xug 4 LT R F =ity H $1i] =4
H Lrh s H 13! Qa
HH e PN B HHHT BA\ R LT ERRREER IENLE I
] | - H T H
e uaaRkumnd shne = pa HH - xazas D>
CHETHER TS i SN AV Y Sl <
T expEREE 3 HH I oY o
E g LHHE a S skl yeang b s L e i
AR ENyuzEn gy b > X o
T xn paRsREay I 8l o - ghal EEuad g T ] ”
Hi EHELING [ b T NG R o e =k g s e g w.
a sjarrsnatealanih Vhnald ; N gy EAREs Rans 1S (=4
T N T NFERNpEENREEE S e Epes 3
G il i i 2
el il el A 1 10c S
TR 00! NGl i “ 2
t ¥ ng pwuns i e : - »
11 M. AN Sge]anakpuany .rmﬁ "..m RIS ) - o
SR 1] S RHINGT " 5. A i)
T ; T BT FEH P L N it e OS| = -
A ; e P L SRaa SuBanABEA S HTH Py d 1 —
0 T TN T . R ERRER » ] bng
T trH Erakd iy} oy i sgset Hinstzepliorhat benyite N T TR o>
: : : e ~ T = 09 @
i T RN i i g ST R
: g aaTns SEANAuEL TN _ 1 t - 4 ~—
; e HE TR N ! _ i
t 3 amu: 141 1 1 ; B Exvnanants ot T
i1 T 1 " 1 T s ¥ t = :
: i shop oo i HE i
: t
+ ; - } 1 -| +
i ! i A i i B
; i m : i R E
T + £ REgARR REEEAERY) (2ha T
m t RN
} T } i
: ; T : T
= m i m N
: 1
S A NR IEEXEENEEE ARESANRANE EANERERNNS SEESRASRR SRRQEENED
£ ;: ; Hi
+ 1
: : = 1 ; & SEjRsE
HE ¥ i’ T mi
aa e ; ke FEriT ENCEE] ;
: P =k o e t T : raaE
i [ e e e e L m n ErINH TR




(sAop 00¢ ‘0G2 '002)
SBWI} 49jSUDJ} JUDJSUOD 10O} PWAy pup P3Ay snsisa 9)pp ainjiodsp ypio3 —op By

€261 AON bl €46| 490 G2 ¢l6l 1dv 82 g6l uor 8l 2261 120 Ol elel Int 2 ai0p
000ct ve 00sIv e 008iIvve ooLIv e 009Iv e Oom:qu volnp

f—— - — 0
T i T ; T sl iEn A N 23 BYESE A5 TS T
R i TR IS e R S AR R e 5 i
} UyiD3 AR R R R i i
31 . L. pey ot - L lHli! A 1M|. 4 P g
fh £ A [yl L it 1

e pase

v 0 a7
L
1
T
T
T
¥
T
T
1
'
s
T
w3
B
1
(% i
yus
i
T
T
+
T
7
t
1
g
7

T
T

1T
t

oy ]
b on
v

R g ﬁ A & ..”. M ] _mH
L H Sl Q02 HTHEL] piiE

i
I
B, Sy

Ry EEE) +4 ]
TN Al il i

nir] 0¢

u aR 3%y R HHH 15k Iy thansls T aaaul i .w,_ £t
LA P T | ITEd b TEE B e e HT N 7Y
W EHTHIH UG iii HHHE R e b R R HE A dfcted NG
N A R ] RN F A T L e e T e e _ g
mm“x H 3 3 . : > Hi a8 : B e 4 ﬁn i RE3E3: et H T K _omN HEHRHTAREY om
i i N 1 T S | L

R E tifHeb 113 ] pRERyRygnsuExydsavRa
[ mux 1 P HET ;Hn munl B Ui - : ~ 135 H HiHy
i T : T HAAN T :

uP 4fbus

T
i

pS Engmuyy

iy

[

gua

[iz3

(99s 74} 30 spupsnoy}) YAy pup PPAY

t

T
it

i

N g

+
T
T
|
e

S E
1
i

06



(b26] uUnNp 2-¢/61 UDM 8|) SOWI} 48)SUDL} 4UD4SUOD 40y (PPAY 4 PUAY ) snsuan 8ypp eunjindap supyw —bg ‘b1

bl6i unp 2 bl6]1 494 22 €161 AON b ¢l6l bny 9 €261 10y 82 £26] uop 8| o100
0022t b2 00l12bb2 0002v42 ‘ 0061bb2 008Ivb2 00.1pb2  uoynp
i _“ M : ” _ : _ 0
\y}iD3 O} SIDW ._
; S 00¢ 02
s 5EEE e cEais o s
FiE i P I
T ..U y [ob Riss:
OS2 5 ; 03¢
e e e e : ot —
e : 002 >
2
-+
B HEH Frrf Y
w g REs ow W
+ o
; 0s2 =
0% s i =
; 3
3 | 2
i ‘ 0S 08 %
H - =1
A, x ke a
feeecale ; : e
HH st & ool =
it i i 002 i >
0Gi ; e
* 00¢ _ : sfop 00! ozl
062 : : :
00l
ovl

Iw.ml



(sAop 0GI ‘001)
sowl} 1o4SuDJ} 4uDjsuod 10} °°Ay pup PYAY snsiea ajop 8unjipdsp sipy-—qg B4

bigl unt 2 vL6! 9434 22 €.61 AN b g6l By 9 £.6] 1dy g2 £.6| uof 8| 3j0p

002evve 0012vve 000erte 006!t ve 008iv e 00Livbe uolinpe
AT T PR T o

T 3 i T E T R R A H N ]
b1 g BN anl 13 Rudg) 1] T
Hih T EE e HTH AT iSkssifp e niey T ; e siahobaih : T
assavan p: Nt = S i sl uliadiztrliates izt yot
r b Eissased st IRb! : TH I Herr Al i 13 f ]
; T r T it 1R .ﬁ;v,,,. T i
£+b + St w. H '» O TTH e e Fiotd b i i HiH
1 - B Y SRttt s g petatcyl H il
i tr : aaskis 5 2 < 115 n_unﬁ t wr» ERg st sakduagh u I T i
+ aERR Y ERe] it : ﬁ RERRIRRRE]Ranusgunad it i iped dgendpuhis nax Bagdw
nsnl nand H s ndkasatRndnd gy " i S fhasguaanyuzin b
Eas=dplingRas: i U P ETH
: o SiySaisieniieis SRS Erspes Ol
] T 3 HH sEgl T S, S T -+
T : it a [ x| : eT iy
. x R T [| O T ; £
= b7 oA H Lt ABRaddnaag b a8
31 ARE FENNYn iy o ndv cfuxn p & 1
o H : AR a fas T 8
Fasy 3 1
b4
oEE 7 T ;
ainfid ¥ ndxsgulngy F ¥ T
+ i+ 4t + T 1
S EHE : T = T ; 02
: FH- T 1 _
AARR ogs 5,
¥ R+ 4 43§+ 1+
8 Ram aagasEs o r r
T HE L, - I
“ TR RN R : A >
3. Puunl iy .8 V3 337
3 i :
t HHeH ! 0]°]] <
: 0 T ] t 1 o0¢ 3
T P 7 : i b a
AN Ty th :
H : : ! HHR ;
R “ : ” ; 2 T ST =}
i A L Hmi ; : “ 3
T ¥ I B A Squsd Rats: H ]
T g EEEnaReeee] Eyat i :
s M Rats :
Sug : ] H 1 : - ‘ t W
¥ ~oidy i
: EE3 i epatas: ®
L T T % VE RS 3 T
- i 5 001 T : ov 3
an ] T 1 T
T } H T 2% HE H-H- \l|'l
: I Fol e N : T
iz - : 2 . : : =]
T o - E HH i FEH i} RAREE m
i HEH ! T b
=1 = : 0]°]] : 4 ~ a
=H : 7 B i 3
W ENEREr_an - Wy JEEgARFEERRERD 4
E YAV : H I £ i ST AR ; @
Sasns) Esasmalasasslies H HH T+ H ant N ! o
o HH Fri HEE F EayEiEna FEETHHE SrH N T =
H a5k axflfbesiin. TR : F T Hi
+ ERER R t i TN T -
Y : i T N i =
HH Hit isasenis M
T T + ngs ~
i i RIS i @
F T HE HEAHEH H i Eiptes I Hi
oL | - LR 09 8
PN B 5 + ARE! IERESEXNEN IT s, haed
. nad SiaRERRERRARY T T i 1
: nEad H T =E=s N A H
; Hib i g T
3 : Eiessnzmans H =
E Oﬁ>< shEnangd e ks an T
o i T BgRN PN HH HE
- ; : ; FEEE L T i EH B
1 1 : ] o ST T Thajprisassprafeiin flaasyses & T
: ! : aans f nymerenrenxspuzns :
H T T T sleniat Reansta dpeans
: : i SEaifgRad T e THTH T
7 : + T HH W el xmli Ed3e il
; . T } ; e T Hh
T ;i | H Jasy poee: o H :
; T - R T A
T T 1 M T + T
! : B 3 T ass aeass
, TH ik mendilsl H ! ¥ e ]
FHEfE : , BSi B
: frt

T ; :
: T jan wguaEa
T Tt : 1 EE
1 s 1 1 jaaid
+ R ¥ =3 : o SRS HERTINT
s ! o i
" ¥ + T 1 A}
L T T ] "
: 1 > + A e H
t ERya N TR AT ;
1 T IR
t I b I » g 1% ¥ i s




(shopP 00¢ ‘062 ‘002)
SOWI} J3JSUDJ} JUDJSUOD Joj PPAY pub PWAY snsian ajpp 94njipdap siop —2aG B4

b6l unp 2 bL61 G2 22 €261 MON ¥l ¢l6l bny 9 €16} 4dy 82 £.6| uop gi
0022t e ooletve 0002k e i 0061ivH2 008lbv+2e ‘ 004ivbe

" v - T epazesTRIEIs:
i i it i T HH ot isgaisEiuyysd HHPH 3 1 Y ”
T T i T e i Bk i i T
Pt t - + + HEH Nk guuanAEg i EERER SpNEy ENE = - RN pEEERARNRL
bt ; i o [ FrEHH HFEH g HH H 1 Eastagl
434D O SID TR 3 T RSl e i e
; s HH SREzdBaERICiEa s H o T TR
' i F 3 g Hth JEEayehuan: H E T T
T+ Sugant . 1 T
H ) Ry ESEE: S¢gasuy n ot + ; ey
REa L S pEn et e S [
2k aRhiaazapan T b ot = i
HH S e e THyeH K - T —H
g a5 ] Er e T LA T ayed = Lo =3
== i T e H REES
TREeE] s gyaasasidas i i b Eridfags : SEEis
R R e o it I i1 it

Euuunnpuri
i jEE iR s e i
Ly i el RERN 4 r
i N D
HH Ravijhas 1 H HETO T | = E5e
Hiipw, £ 7 ¥ pw : <
H AV B H A ; BE faams AV H+] 3
L Hig {H L HHE HH H ek
. H (i og &
T 002 i SR £ ; i i T
HEHHHE : 2 it 2 S
i : mEREmyanpEEzy :
Arupswiad T I H i t =
E i
i ik i : B ; 2
i : 51002 i iliii B i it i
HHHE B usunal ak He
; H 1 1 eRdel: saniiiee H tIt} [»]
] Ariuii ri } r . =
t e 5 aaagn = ; H
Hoirift + i B "y t H 062 1 ; aA
o T HIEH f £a3 H e HOob o
: =g Eap E= HHRH H
: X Easeh g t : ; Hrd
T ndd ByRs I S gd =] el + 1 : :
ot - .. NRREEN| L] - 1 -
I s padfouuny prysdy MT =3 ] —
s | 5 o H $351
& - 18 feannbp)ay baegay: hetd : 1 -
i 53 T o i Pt THH : i St -
T s H1 H he
B o i B PR R e e SR e e e 2
sl akal o ey EE e P T ; o > H L R rann =
, ; i i Hit Hi ; 2is H @«
T ; I I 25 R brty oG ©
4 s EaRs + i TR T T T tr et =
4 4t it { ¥ gENianean bt 1 + s
[hded jans: i t 7 pheut o
4 + 4.1 o b+
i e o + R i H 1 oot L
, 002 [ e e 3
B ; T ; t : o
g s f T -
g i e : i HiE
Tet ! e P ey rH ; EE e s fad ! -
T e T + 1 t 3 o t 1 SeRyaaa t i -ty
: a5 anan } i : {a paamdne T ; ; SE t 1 -
L ; t i T T T L T : T . ; remap ~
; ) Tt e o T P i »
o may 3 L m L Hr + i ; “
H o ; T T T
¢ t
IR Ewaas 1 1 t 228 T . ot e ~—
: ! : a8 e8asians T ! A SEeaoE !
: S + yraas g Ho :
+ i T } f = T
e ; ; iy t
e i I3 {
> T T + i1 Ty T
- s T it _
e T t i 1 ; }
: 1 f Y 4 +
+ + T H + AR
T ’ i E=saisnen i 3
il SyEREE: ; i ;
EHee : £
(§ A T I 1
! ; T ’
e ; , i :
1 +
o ! I : E ; ; g Tuses: : ;
e o : i ; : - : =
e n T T ; + g o ;: T 1 NN
: : : et s ; :
£ HiE o ; « : 08
Bpha saawy e 1 = }
} t anam {
t i, ot T T
I P
-100> s nand t 1
+ " s
+ 1 T t T
t T T e t
f ; i ot : 06

IONI



(9161 UDP €2 - .61 1dag O1) SaWly 494suD4} jupysuod 4oy (PYAY + PPAV) snsiaa aypp 84njupdap yjap3 —0g by

9.6} uop €2 GL61 190 Gl Gl6] InP L G.6l DN 62 vi61 23Q 6| vielidas ol o0
0082bb2 00L2bt2 0092t 52 00S2bb2 00v2t b2 00g2tp2  uoiinp
i A Sl S °
SIDW 0} Y4403
+ L : r?. iz ON
e 50G2
00¢H o
¢ —
T ﬁ V
; 052 o
pwn: a
i 00€ H= 002 +
¢ 062 g M >
i 002 00¢ 09 <
06l ; e
00! L =
: FFH ]
0S| 08 $
002 S
by Q
e (7]
i 2
” oot =
¥ H ~N
: L w
_ : 3
i ozl
skop 00
ovl

-1z~



9,61 uor €2
00822

(skop 0GI ‘00I)

SOWIl} 19)SUDJ} JuD}SU0D 40} PWAY pup PPAYG snsian ajop aunpiodep ypio3—q9 bi4

Gl6} 190 Gi Gl6lL NP . G.6| DY 62 L6l 997 61

pL6\ Weg Oy
00g2 bt

_0092tt<e 0052vv2 __00bebve

T + 1 punssy ST ¥ Thrad k3 =3 a3
s PR juekeHiTsetbai R S Ea Sa S ! fEH HEHH T L L HEHEE B
: o : i e =
itSIDIN O} Y4 : Hixd A RRTE L Hi i H ;
b P T Y TETT s +1rrrzis + bl ok e
ST T o i [IRE L T T FE o 413 | b
e e SR = H TEEEE
a b I i RaEaR e iTauas : i HH - B HH R S
e faTa e : i it : s £2oi et
REE T J3y8Eas siEiEans HidHh T R e L H adig s Eisiiigts: B
as t {THSt R TR 1 T b ¥ Sekah ” S OF
; A H F Lags s : A
i 13 fi:2 HiH HERH [assghastdirmabetads 0 hranm T o T
H o = i S H P P e e i - : - 1 u T T EEaN : ] T I
- x3] il T ZREENE e R ! ik Pt H T H P
o= OE>< H - N‘ H ! I : 2 LT nfprasateiitipndyfutnnipapindiid Hb Epeal 53
o P - HH H t ST RhsatsfRpH Bl T HTH: H TR
e g 2 il T £ eazhej
LT ; ERERERED T EE i H RaE i
t L eRLE B 111 NRRE THih - T T A T 1 e HE £ 4
e : B et Hoz
+ Het Horr i i FHH M SRNE AR EREN P sthEH T 1 =
s HEry HHHH R SRR TR i } H R
: s HE T B TN TaEs : 15 ! Speastisys:
(- Ti44 L3 ' Lt !
MR Ra Nuhis s a3jis) & st I
4 T R R T >
& f rt + o w : = <
i it AREE NEzeaiaian T T sigagtt Hi E t o e
i - m ik S Hdo¢
M\ & PR B e N TR HH _ e u. HorH
g,4% e s Hi T i ; RaE T a
ug : ! xn Ho H t ity dywnal T 3
Ly jaa g inpakans UisRaERuAasia pnydindiad fuutands 1 Hy HHU a
tE R o EE R A i+ 1 Frt ndnnl s fwadak o3 SRR T F F—ard
i 5 i SR FEHHEH S b ; 1 o
1 H HH A nadlfn 18 Rk I .
e TS ; S NG L SEs W
I " AN e nd
SEapytaszyd) I A B : 1 1
Sk : hEn _ I ; ] : 6 Ot 3
L14 HHAH + H T 1 eI i Hit < i T Enammbina. + : T e
i P3 T 1 X ; e : —
it J>< -HE e =it ; : 1 HHEH -
T 2 sEana ; : : : T
L w..w mer.«, aksa IREES sundudiunl Egml s nan o e s apua kinananas aunbasadpani. A ARRYBRGRRS jia! i a M {n x; a Hrn ¢ DWW , it w'
By H o () + 1 ><u|!
RIEsly (EAtey JIERnT : NG TR i : ! P ] c
St Aihy A tindis NG NG : : sEest £ »
= SFRE i : ; £ ; } : e
T + TR 1 1 aANARRNEN o B u
i W f v push Bawad ENREpUN. H T HF s - a
; Fr ; HHH Ena H
e e A T S »
RagY an t SHHHIHER H [ i IR T iBURKA 1 o
i H B it OO) NG ; t Eain pEhEaEEEE = EERe, -
4 i e T o s F m H ¥ - T m -
2 —
fro b T : : 09 L
: HhT S i > it Erjpausd FEHT “
A i " sAop 00| e i 8
P, o EEHHE b bR ; E
>< nx Ty - e 1 ~
: b = a5 7 [EasisRe
FEEE ¥ !
..... : } }
f
+ 1
: 0L
?
HH 1
1 I 4
T PR P £
t : i b HT
i ; :
¥ T
E ; : i
T : i T
i T nn 1 1
! t g EEpEaE ; :
T e fe2 = e : mream
fFaEa gzt Byes S B S R : i : 1 H S f :
; : R pEeRNcErEsRENaY ; o ; s 5 T : t
HE TR j i R
i ; : : T EsiifEin ' f f nd ) : : 06

INNI

840p
uoy|np



(skop 00¢ ‘0G2 ‘002)
SaWly J94SuDs} juDsuod 1oy PWAY pup PRAY snsisA awy 84nyupodep yiio3z —09 ‘Hiy

9.61 Ubf ¢2 S.61 420 Gi Gl6| inr L Gl6l 10N 62 b.l61 280 6! t461 4d3s OI 240p

0082vve 00L2vv2 0092t v 00Gevt 2 00v2ev e 0ogevr e uoine
0

"
.

1
t
TTY

u

[EE=E

s anmEgay
T
N
1

!
’s)

L

T ¢

e

| ZEapenen

|
1
T

f
i &

ERap e

3
t
}
Eqe7

LR | AEp g ny

I
o

T B

A D j _w RRES
i SEARENFRRERNYEY puuw) anpE 3 -1

[ :

L R e R . = .1
3 H b = - T
e e e e el 2

T

i A R T el

i SicEeeangpany 38

y 4

Rema b

T
T

1

e o
ot
b

=]

13

patst foag ¢

s pu g

+
Ruad v Rans b
RN}
T
T
T
e
+
I
;
T
i
t

t
3 R R g atean :
el i dd Py H T [ H T ...W
: ‘; . i ! i

1

|t

ki

1
+

T

o rogs

R thes

T
e
+

(99s/44 40 spupsnoyy) PWAy pup PeAY

T
s
1
T
t
7]

g

I
T
t
T
Tt
T

i

;
f
:
T
]

IS iy e
i
g
7
7
;
T
2
f
i
i
T
I
:
-
;
:
:
:
o
:
:

T
T
n
T
T
T

[t safiisnss bivdal bR mund RNastagaka i Lred it 4] |
s 8 AR p U R i R L A LR L + b [EHEEH Lt
“ =ETTRIpRana . Eaeiiany S TEEN S pyyRE RN SRR REREpAR Y ERYS +ﬂ M T -1 0L
teort e aliEpeaanddsalinnnd ol HH o B asuladtuggn Lfih . RARN 1]
SEHL e s e L , e o
Jizhibqiatbakiayal s fRantes P e TR SR TR L n 1 s
: H) s

: AT R gk

: 18 slBclLta: +-H 08
! i St ER e el
n i 41
: , s

i

S
i
T

Pkl b 48

R

andnwunl]
g

06



(9261 unpP |2-G261994 L) SaWIL} 494SUDJI} JUDJSUOD 10} (DAY + PUAY) snsian 9jpp @4nyapdap sioN —0, b1y

9.8l unp |2 9,61 10N €| GL61 990 b Gl6l bny 92 G.6! Ao 8| Gl61 994 ¢ 210p
0S62vb2 0s82vb2 0S.2bb2 0592bb2 05522 osv2bb2  uonnp
T . 0
Yii03 0} SIDW :
00¢
02
i 1
062 i 0S ob —
(g
<
3
a
002 +
>4
2
00¢ =
~ b=
002 i 08 m
[o1-]] S
Q.
t [
] 002 =
062 00l =
N
[
i [\ ]
K3
oS!
m ozl
062 skop 00l
00¢ obl

I.‘VNI



(shop 0GI ‘001)
SOWI} J9jSUDJ} JUDISUOD J0j PPAY pup PWAY snsiaa aypp 8unjiodap siopN—q/ big

9461 unp g 9.6| 10N ¢ Gl6193Q ¢ G.61 bnv 92 G.61 oW 8I G.61G94 / 040p

osé2vbe 0582¥+2 0S.i2v b3 0692t 2 0SS2t b2 ost2pve  uonnp

b

Ty v e

T

Lol

e

+

jy boppd

e T
FEeneE
!

-

s
T

Py

st

Py
oy

b

.
1 1 1 g 1 z
e : . e 0Ol
5 T T ¥
o1 i il H
= i :
- 3T i3
4 -
i
; ;
H R s ‘
i T 0z
= T

e s gy g

og

i
¥
T
T
g it
t
T
T
T

St “uﬂ.mx. T ik YR ..W; ,ﬂ i FrE TN I “ if / “H% 0S 3 RESRgeEadlsngat
:H m jhH I L R i ] ﬂr,%‘l H it -‘JLI:.. 1L i H
H b FEEEEE T H i} 5 i e
3 H Ea% THH bl N tHH LT

e

o
LM
>
|

1)

T
1
1
T

y

(09S/44 40 spupsnoyy) PPAG pup PUAY

i HHT FHEHTT o HIEH R , i
AV il il il N e 1 i
oy - -+ § 34 Hi M (113 r H »*
I x> SR HH Eenna ke .#,m E \ NEgY RN R TR |
¥ Ll L R FhEH: s B e e e H H
o ifi it it B ettty il LN R N
HH i ot ] R seiieri il et Hapd it ly N NG TR R
”,i 55 w.v “ 4 _u_,..-hl‘ o] rM 1Ll ..vlh i ppisghasn R 3 R i MW T 4v I3 gy I LT ] T 1 v TN
Da : PRGN A mpsepuE it seRpgsgs 13333 A Hiz
,ry>m B T .m“. R gaeianaias T LEEE t} HH A &5 YMHE 1 o thp +] 0S
PG [HE B Hiiitn HHEHH TH R R HEH T H SRk N I
+ > nEag p! ng Ay P i1 [ ITET w‘. B ST WRES ¥, any Wk
t ajEapansy st} afNEzadbnany ks anea P AN T N R HE
D R T R L R e e PR N T e L RN b e b
H TR PR T e T e i N e e e N 1] T
BBPH Sean i ] 0L
I T o A T R B HHIA L :
HiH PR TR R H S R HH N T
EOH T b F o HEH D R T o e Bxat Lﬁ,. N AR EE
e R H Tieny B HTH [ EE3R
gl Hin i bR .,ﬁim T TN A R e R R e e UH, s
T EY NNy ERAR Y - ERTRHTAE e o pnE H Frie N
TH TR H R HHH P bR AP R ENG e R R N o8
CE R P ErEH s SREdgE H e L Bis
i mefsgiad s 11 H ] LN R ERE t
A T T R : seEH
i s I R e e TR i o6




(shop 00¢ ‘052 ‘002)
S3WI} J8jsuDi} JUDISUOD 10} DBAY pup PUAY snsusA 9j0p aunjiodap sioN— 9/ "By

9.61 unp |2 9.6!1 0N €I G.61 %4 ¢ G.61 6ny 92 G.61 KON 8i G/61 984 £ 8:0p
0662vv2e 0682t +2 0slevve 0692t v 0SGevve osb2bpe  uoine

RE S Ea s e asnen s en ey o T “ T : T - T T spsszes
RS i e ERRE HitinE ! 1 HE L R TR i i 0
HEoHE R : ik TH sl HE T
: A e aseaiton : T e HY
P 444D 3 O SIDN e AP T E ;
; &5 iR 002 HREHER H HHHH g Eael
t ] Eageassest s 1 i e H aeais .M H
SRR e SRIATIE i Ol
i = Edngpniegaan HT ._‘ oo L bt i Tith
ot t H i H H agun T8 TN by
i ; [Spsatdcshiasiiapensesirieo st i TR & e
T ! : : Hi0 : s
s sass s gas]ERas T H h\ 230%E cafisygimandagaan L Aum- A : T ~
g 13 ™
I m m, T T Bt 1 i £ .
L PWAY 2 : FEEESE i H
Tt H 9! H s i1 kg S3n. Ty
i s E
R i 3 00¢H
. EPE R A ] || SERESE a8l >
HE £ i
05 2] : el “iflooz e i
002 ; ] He " AV St = OF a
Ll : t 44 n“v T w RSN RFYNS
i i y PUAY a
1 m H1d + T
: T . TH [
: ; R ; “ : <
T T 4 T T @
] ! : : m : Obv 8
rH UE)Q, : : T TS o
et : 1 I -E T HiH B + k T b
i sagmen o s b T Tt u + : 1 W-
HT 0¢h ; : =r ; S ] i c
¥ INE] I T JuRY p T - T
03,y HI P0G 2t ] + in! Bieeeees i g
ST Ter i e T ; =4 0G
_ : Eaankesls oom ingt T 1 } + o ] wr
; - TE P ! 1+ : b} G
i SADP OO€F &f ] ik 1] °
PR T ae7 -
; f ” T : : gazadsd i1 =2
t "_ b ! T t H SRES ~
£ : i i i g o9 &
e\ v/ T _ ! ] ! “ o
: + 1 T T " + + ¥ n —
: _ ! P Hit i E |
“ 5 ! :
B i : e
“ : i H 1 I
R \v} e Eare! =] 0L
ErH
Tt sgsats :
tHh i :
“ =1 i T : _ ! M :
rthy F ] + . I ; 7
! o e e : : : : -
I e e " ; PR : f i
paiiiaean _ S redd “ Eraias: ; : ez
3 T T TEE 1 "
= : R H S : 5 7 ; : T
; T ™ twam w3 T T T e gy = T
L 08 £ b s R e ] i I A diek & : :
&5 e e m G = _ 2
o e aszasascitiIliiiiciiiosiitiiiissRi qrbe e e A _ i
FEEE o e e e 2 T SHH = eSS insaer ] e } :
FHHE P 3 pr i PR oS = RSz nnnd EREA L t T o : H 06



(82614dV 2-9/.6| AON g|) SO9WI} 19)SUDL} JUD}SUOD 104 (PWAV + PIAY) snsuan 94pp 84njipdep yy403 —og B4

8.61 4dy 2 Ll6133Q €2 1.6l 1d3s i Llel unpr g L.61 Q94 92 9.61 AON 8| aj0p

009¢ebt2 00Gebbe 01014427 00gevdbe 002t b2 o0lgbbe uolinp
T T T TR T . : TaRe ; T ™ 0

532 R Y SEETEIEasTasen: 7 ;
FHEH T ; i & e : T ; ;i
: . : ;
;i ; 7
: : b i ; FH
+HHSJOW O} Y3403 TFE
HT 2w ¥
: 00¢q= i ! :
ang ¥ - h OhD T -
=h _ e 102
I E t L] P
I b e
=2 ; zeid Py e ] : t :
T H Lt + EwS
I T =1 +
T ) t bbb HT t Reanus
! T ] : i
1 H T e !
HhE : g e ot
¥ I Wi T L
f HH
EH 1 H 31
] T
Bascdsisaiiooey Tilay oles L H H —_
} I TH fth 4 e
i e e R T I T L e e D>
B t i) b, Y H]
[ FH N S EER OON 3 Hir + s t ] ow aA
- 1A 1 ) g iEataian + 8 h 2 JHiH T 1 H o
2aa T N A 7 Feaat L. + H H
HH = o HH g E3nps Py RS aadnebdin TR ! K
i 00€ i i R “ +
1 062 N B ; >
rFrH 5 TR IR 32 HEHN S T o <
002 N e g 5
PR i : : H
: inieiibe : HHELHds os 3
! )| RN W + AR S P ul T S
f H 4 + H ;
HHTHH Bl HH : H -
: ! : H >
} :
T FrrA R 2 =3 : : e ; <]
r AN [y L T H c
1 ol i3 b1 il I 1 S )
: Ty Syppyss Ry pRasea ; T
AT ] : G ! ; g e
: T e T : H o001 3
R RaREAuRs. L HHT A s n.zv ks 1 1 a
B3 frsss ; i Rt r e siefes; t H *
: ; T et ; 2
f jageiaiitetmty e A R ENSoigd e aRy R e T H b
! : fRasgazamms hemedh oy P ! axs -
; : Rean Aaas sanma T
T .m T ] i AR i -
: f IREaES! HEH et e 55 H -
- OG) A : T i en i e ~
H HE ! ¢ ; ")
At T gaae
: TN b i i : 0¢l o
T : ayEsiiatacaied THHE _ 8 : -~
y b N} 1. HE3 T ] e
izl iR L e :
i : ; f : ;
i : e i T
= T ! } T T
: f 1 f A ’
f A f ! Hao
T t T } i B
I : I
! } :
+ b2 t 1 1 i L
: : A forins ovl
T -.
T T t
} T }
} !
T {
T I }
t ity
- T T i} ) T
=15 001 , : : i :
B ! F HH : t
EFH : H T t :
; SR : i
: T : : 09l
; ; i T ] t
; : = TH :
+ 1 ; t TIT 1
f } ! i
T HH : ; : Y ]
T ! t I !
+ + t I T 1
D ; oy !
b + T T t + 3
T ; tmms ) it b H : t _ ; ow_

INNI



(sApp 0GI ‘001)
SOWI} 49)SUDJ4} JUD}SUOD 40y PWAY pup PPAY snsien @ypp eunjipdep yjio3g—qg 'Bi 4

8.6l Jdv 2 4161930 €2 L121611d3S bl .61 unr 9 L7261 934 9¢ 9,61 AON 8I 310p
009¢b¥He ‘ 00Sebte (6107 4% 4 4 oogetbbe ooz2etvbe ooigvpe uolnp

&2 s araaees: 2 1T 7 ; ; T 0
T b tH t T T Sag] t L T
£ : tEE ! :
£ 2aaas : jasys i, !
bk g 2 it HH Y
H i + T T T
¥ T 12 T llq I +
e i : :
: : ; ;
! ; : :
: w H b ol
i £ 28 N S 1h i Y vEaw
: HEHTED 1 w riiyH +
; 1% s it diney w
! 2 .
: St i s
T pOAY BN m e o2
HLINY " hEnE
Hiy
HeH 2 i
H s
iey Sitissias
; ! 3 1 e
T ¥ }
; . it i W
ta 1 iy gui st 8 8 T
: e _ oe 3
£ 2 = H b HH I 1 o
; pREHE L o
T I~ SWRE BN IS
3 : T | DWAY i INGE T zb 3
T H LN a
T + T T SN S ¥ Ha4H T
T 1 15} | ind) ¥ I
xn ¥ N L I
i 4 i 1. RENN nNBRER R ey +
5 ! ,
"B S ; ow S W
s e e AV ov 3
ERE IEEassEE 1 T o
H & 1 Aﬁu L
Lt }
T T T. Lt
i T =
pH-EH B I : =2
ot s sa :
FEEr HH HH R T : b3
£l ! <
y SSEateey ; HE PIAY [T, o
HER 4 i T 3
7.
t 1 HHi T H Om Qa
” - CH v+ Reb. 4 {1 {4 t 1T )
T =
_ 7 iR 4 ] °
i } | ! -
: 3
+ 1 ] F] -
}
: H o ot : g
Tesrgeirs
1 FATH H T mugaun V
¥ : aakabhububas i
How ] HHH RS : N0 @
jiietag sEgEEE PWAV g ] I ; o
+ s ol — H f- 44| +
T N S DY BEREE FEEy FEE] it ] ]
5 Lae sasdfjss T b i
Saacas i v
RExR iy {5 TR N wn fae; :
:
HE T T
; 1 }
: SRl 0 : =4 04
B t B }
o :
+ It
; HEn + = :
] e T
N THHT !
u. T
: ; =
T ! T !
! T : i ;
T I I T o
: t : ; atas : 408
; ! o : ;
T : "
easatesnas ! : : PeAY
: _ ; ; ;
Saass: " ; s - : : !
7 ;
; I .
T it f 1. ¥ =t + 1
: e : H ; t
FroprrrEeee Hred H ! +f ; I L : ,
s LR IE bR AR AL THE i : : T = 0g

IwNI



(shop 00¢ ‘052 ‘002)
SOWi} 494SUDJ} JUDISUOD 403 PWAY pup PPAy snsiea s4pp sinjindep yja03 — 0g b1

8461 J1dy 2 L.L6198Q €2 L.611d3s HI L.l61 unpg L.6l Q34 92 9,61 AON 81 210p

Oowmvvw Oomm.vvm ‘ Oovmvvm ‘ Oommvvw ‘ OOva.vN Oo_mvvmco:_.._a
T —— - 12 amenszaas o ; . = . ™ 0

T
Ew M3

=t
¥
T

us

ane

3 e ] th
i T } T

L TH Y

wnHEER

A g aua
H
T
i
I
1

o
o
N

amin

(o}
N

eaN
n
ey 4

3
=
d
(=

>

3

o)
N

014

4
I
.
.
.
3
3
oo

ua
e

(288744 jo spuosnouy) °YAy puo POy

] t B H nv—bu\/AﬂN
: T H 32 H H
1
T H
S s Aun 1 I 7 p 9 > .xm;mn O m
i x v
+ . + HraH aas! H
BESiisst i i H i S AT
i : mahtlsAop 002 i i
HH H T jSvy barns t T H aa
; i t 17 H RS 13
= A CEHTETH T R 2t o¢><
: EFE T t HHE HH
S : il g : 09
88 1H 4 H i axs
H H L gl
. A % Ll = Yf o
1 w H i 1 [y
3 313 1] !H ng ?.Tl t
- L
H -+ 4
i+ H 1.
et 0oL
H
HTH
]
iy b T rHTH L1
I _ £ H
TE:
s eex
: , 08
L 3T ;
H
E 91 r+4 i
£ H 3praETEs T
g tT ;
o
: 7 HH
: : T Hr !
: THE : ¥ S HE T - T

-62-



(8261 Bny 0g- 2261 4dV L]) SSW1} 184SUDLY JUD4SUOD 40y (DBAY +PWAY) SNSIBA 84DP 84n}updap SiDW — Dg ‘Bio

8161 BnyOg 8,61 Aow 22 8261 924 11 1161 AON € 1161 107 92 L16119Y LI gy0p
oGlLebbe ‘ 0G9¢etve ‘ osGetb2 (01° 4% 42 ‘ osee v os2ebbe  uoinp
HEID S [T _ £ : ; ™ 0
H1Y}403 04 SIDW
; sEisasnes 02
H0Ge
i s ov
: < : 2 09 2
: : 3
(- %
_ +
: £ 002
002 L2
Blidog s
“ o ._ m Wm : m
i : ._o.
i ST T 2 00l 2
Estin : ! 2 ; : : 00€¢ HE= e
i oG e O m q o
e e i J
: : FHES T oci 8
: : : : <
00¢ : obl
: : = # 091
SEHE sAop 00) , G m “
S pe it e e e eee ; T RS IREs EneasaEne i : t 081




(skop 0G1 ‘001)
SOW |} 494SUD4} JUDISUOD 40} PPAY pup PWATY snsiaa a4pp a4njipdeap SIDN —ge "Bi4

8,61 bnyog 8.6l Ao 22 8261 93d || LL6l AON € L.61 Inr 92 L1610y /| ajop
0G.lebbe 0G9¢ b b2 ossevve osvebve - 0Geevbve ogeevbe uoinp

: , : - e , - e - 0
1 i THEH H r Ho- e Rt T L SEg4amay eha: T t t
: t : jas3 aEpas el e b I EET 288 1 1
: i ! it 1 : T :
i 18 ¢ .
L £t ; R
T T T T
H uy 3 1 Hrr i T aegensuuy
; ; r
! t T b HH e
: 1 T L T
it H 1 i HE T - T+t
: : s 2 S : ol
1 t = T H Jasaaen I 1
T T : i ! t
T HH T + : -
X + - K B B
t Hh a3iastiRaanl Edsslaass
s !
T TR ; 7 Syerrem T
; t i i iilsde
FEE i ; I ]
: T ; fate: il
T 1 THHT HEh T T i
T T T 1 L g 3 S i - HH+H 3
i 1 pui pos
; ! ! ! “ . or4
; : =ises xees e
T ¥ 1 I i P hagiadagiunnd runs) vauny
: TrbT : ;
! t !
T T ] N H
t H ; £ : Hi
; T
h T i
2 H ! : >4
H T <
i Seyeeayypan 7, HEE / H H HHE
i HEH R L adneRIazEs 0¢ 3
: M + 5 = : -+ 133 a
: : oHS o
T - T :
; 7 X
1 1 L HNT 2
1 + (=8
? EEpayep el A8 = =
? SH \{isaw 4 D
! ;
; T
, : H [ A
, s SR i op o
: 1 ] i : a
T 1 H e i Riras: upRendslan 1 1
: } ; -t
1 : AT FHTH NG T —
_ R TN R N R -~
] : f 1 i . : :
; : = T TER : >
T S R R ._Dw> TENE T BT B NP R } T T
PUIAY T E AR R e P AV NG H R NG Srhie hiEsE °
+ H oy H NN SERP S S E S GRD - pu 1 T yui in AT [
Tk H: 1 Fak=t H it3as o t a
) 1 B pRany + ns T T i7gs s
- T T Her i + L inasdnEs bde: Om [e]
| 2 = T 1 -+ -+ + -
3 I eandpenss vRes) ARsaREhaas £ i + ; A 3
HH ; fipsat EH _ aEREpeat, ks jseienselpg EEse a
H ; T e s Eaepyass T ——HTH by
1 e ana] S i | t
rrh 1 SEinajails iaesy qipednige H T
; : : s o
LT TTT i HEET ¥ T 117 8 N T
FE RERRN] Egreas HT H ) ; -~
T T EIN0EREY (ITRSESEST A NE NS P ;
sudwdinn pht ; T -
P T —H T -+ mu et 4 t 1 —-
LR I I e T om
I - HIoT 27 ; jiass o~
i
093 FH snans I T L4
et : e
] T ;
Bes Srstabs aie b et 1 b ] ~
EEpuas aasusld 1 + 1 t
T - b i 1
T 538 FHihH {
t L T : T
; 1
T
. T ; :
T T T ™3 t a
" W ABRRS § iy p T T T T AY
; HHHHREE E [EEaRaER: ! T
+ T T Tt : H - ; :
! HH i ! : ; ! H T ! ! ]
T 1 H i h 13 T I
: o __ :
: TIEEEEE B ARRusE R 1 t
: g3ags eEas I hH : B H : ! N
'y ' ) 1 i 1 T 11 I liemna
; H : ) :
1 bR 0 T
’ 10]°]
t f E i
1 : t
: i T H :
Eauvarnuzsanen - ;
m AR : ! ”
: !
" it 1 ! + { { 1
mea: : ! ! =
! T SHIE : ! R EEE: i fRasy
HEH e 25 jeieiy A : Eanss! ! i
¥ ¢ 1 I : f ! = : i




(sAop Q0¢ ‘062 ‘002)
S9WI} 18jSUD4} fUD}SUOD 40) DIAY pub PWAY SNsiaA ajDp @4njspdap siDN — 06 ‘D14

8.61 bnyog 861 AoW 22 8261 994 || L6l AON € L.l61 P92 1161 1dy /| ai0p

osiebbe 059¢ebve ogsevbe osbeEbbe - 0ggebve ogeevpve uoyne
i3 : : : ‘ 0

i

T
T

RpaAm

EmEERNRSpERELN!

Py eciEcies
e
L s
o
w
o
<
[
—
o
=

¥

o]}

TE

<
3
: T T E ] a
: f a
pul tH shea ] 3
AV : skop 002 i PUAT i 32
; i it Tmpe / H
: : : : : , = >
- ] T =8 <
* HH X ®
N
&= [ H T HI 3 3 ] O¢ o
b : 4]
A g : R i ; 3 gt 3
Sanlaniens, geip: H HTH H T H plin : I )
H C? s HiH "4 b ST c
2% AT E >< siigelss rH s3odsibauainagy’ clan)sl = T axndsya A EHTH 4
5 NI HHHTH w THHT § it HOT 406 S
B 3 w i1 i1 ris 1 i c >< i w U i EEBRRyREuNEE! «\ +1 u
£ Hhiny T e Hi=A £ H HEHH ! W.
i LA oAy S R R 00¢ e
B OLxll wi uqlﬂ H HH A 1 ¥ ST . _T Lﬁxr\.ll i g & lv HHH w
>< « 1 u Saes i H H -
D HEHE HH H TR . -
iy il il iR 09 X
H H -4 44| a
B H R iR e f HH o
¢ ] HL : H ridt A
H HHHH HHH THITRsE et ntyaeatin
L
: EEEl I
H HiH 5 Ht
2 1 Hith i tH : 0L
ot f Bt z = i t
' £ : Tt T HH o
7 : ¢ H
: T i e %
T L } ; T I HHH §eat! 1 1 t
: T = i = 08
i T : t , t 3: aSEanut e :
o ! o ; e ¥
13 a ko T
S : i :
; i I : i : HE et : :
mresas ! SaaEEEREaE: ; T
: peEEnse E e ,_u s ; R H S T 5 : S T 06



~33~

Departure dates from Earth are near the Hohmann departure dates of
April 1971 and April 1975.

By using Figs. 2, 3, 6, and 7 and trial and error, the Earth de-~
parture dates for minimum total velocity can be found. The departure
dates and other pertinent data are shown in Table 1.

If the required total velocity increment is to be minimized, the
exact departure dates can be determined from the figures or, for these
particular cases, from Table 2. Table 3 can be used to convert Julian

dates to calendar dates for the period of interest.

Table 1
DEPARTURE DATES FOR MINIMUM TOTAL VELOCITY INCREMENTS
(EXAMPLE 1)
Velocity Velocity
Increment Increment
Item Date (ft/sec) Date (ft/sec)
Mission 12
Earth departure 4-29-71 12,600 4-18-75 34,600
Mars arrival 9-26~71 | 13,000 9-15-75 | 31,900
Mars departure 9-26-71 | 18,900 - 9-15-75 13,000
Earth arrival 4-13-72 20,100 - 4-2-76 11,700
Total velocity increment,
AVT -~ 64,600 -- 91,200
Mission 2b
Earth departure 12-10-70 20,700 3-1-75 | 27,800
Mars arrival 6-28-71 21,500 9-15-75 | 16,600
Mars departure 6-28-71 12,500 9-15-75 13,600
Earth arrival 11-25-71 13,200 2-12-76 14,500
Total velocity increment,
AVT -- 67,900 -- 72,500

a
Earth-to-Mars transfer time

150 days; return time = 200 days.
Earth-to-Mars transfer time =

200 days; return time = 150 days.
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Table 3

JULIAN DAY NUMBER AND CORRESPONDING GREGORIAN CALENDAR DATE

Julian JCalendar Julian‘ALCalendar Julian lCalendar
1970 1973 1976
2440600 | Jan 14 2441720 | Feb 7 2442800 | Jan 23
0640 | Feb 23 1760 | Mar 19 2840 | Mar 3
0680 { Apr 4 1800 | Apr 28 2880 | Apr 12
0720 | May 14 1840 | Jun 7 ‘ 2920 | May 22
0760 | Jun 23 1880 | Jul 17 2960 | Jul 1
0800 | Aug 2 1920 | Aug 26 3000 | Aug 10
0840 | Sep 11 1960 | Oct 5 ‘ 3040 | Sep 19
0880 | Oct 21 ‘ 2000 | Nov 14 3080 | Oct 29
0920 | Nov 30 2040 | Dec 24 3120 | Dec 8
1971 1974 1977
2440960 | Jan 9 2442080 | Feb 2 2443160 | Jan 17
1000 | Feb 18 2120 | Mar 14 3200 | Feb 26
1040 | Mar 30 2160 | Apr 23 3240 | Apr 7
1080 | May 9 2200 | Jun 2 3280 | May 17
1120 | Jun 18 2240 | Jul 12 3320 | Jun 26
1160 | Jul 28 2280 | Aug 21 3360 | Aug 5
1200 | Sep 6 2320 | Sep 30 3400 | Sep 14
1240 | Oct 16 2360 { Nov 9 3440 | Oct 24
1280 | Nov 25 2400 | Dec 19 3480 | Dec 3
1972 1975 1978
2441320 | Jan 4 2442440 | Jan 28 2443520 | Jan 12
1360 | Feb 13 2480 | Mar 9 3560 | Feb 21
1400 | Mar 24 2520 | Apr 18 3600 | Apr 2
1440 | May 3 2560 | May 28 3640 | May 12
1480 | Jun 12 ‘ 2600 | Jul 7 3680 | Jun 21
1520 | Jul 22 2640 | Aug 16 ‘ 3720 | Jul 31
1560 | Aug 31 1 2680 | Sep 25 3760 | Sep 9
1600 | Oct 10 2720 | Nov 4
1640 | Nov 19 2760 | Dec 14
1680 | Dec 29
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It is interesting to note that for the 1971 departure, a reversal
of the transfer times essentially reverses the total velocity incre-
ments required for each leg of the journey, while the sum of the four
velocity increments does not change significantly.

For the 1975 departure date, the total velocity is significantly
higher than for the 1971 departure. A reversal of the transfer times
in 1975, however, does not reverse the order of the velocity increment
for each leg of the journey, and the sum of the four velocity incre-
ments is decreased significantly,

A study of Table 2 shows that with only one exception the total
velocity increment for missions starting in 1975 is higher than for
those starting in 1971, Also, Table 2 shows that many of the missions
having constant transfer time have a nearly constant total velocity

increment.

Example 2

Assume that the following hypothetical mission is desired:

Minimum velocity for the outbound trip

Zero stay time in the Mars parking orbit

Total velocity increment for the return
trip = 20,000 ft/sec

Again using Figs. 2, 3, 6, and 7 we can find the data shown in

Table 4.

Table 4
DEPARTURE DATES AND MINIMUM TOTAL VELOCITY INCREMENTS
(EXAMPLE 2)

Velocity Velocity

Increment Increment

Item Date (ft/sec) Date | (ft/sec)
Earth departure 9-1-70 | 27,500 12-9-74 | 30,400
Mars arrival 5-9-71 | 16,400 6-27-75 | 20,900
Mars departure 5-9-71 7,200 6-27-75 8,300
Earth arrival 11-25-71 | 12,800 4-22-76 | 11,700

Total velocity increment,

AVT -- ' 63,900 ~- 71,300
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The later departure results in a mission time of 500 days, 50
days longer than the earlier mission, and requires an additional 7400
ft/sec velocity increment on the outbound trip. The additional veloc-
ity is necessary primarily because the heliocentric latitude of Mars
and the distance of Mars from the Sun at arrival are larger.

Figures 10 and 11 show data for a constant total velocity incre-
ment of 30,000 ft/sec for the trip from Mars to Earth for the 1971 and
1975 departure dates and zero stay time in the Mars parking orbit. The
data points in Figs. 10 and 11 appear to define smooth curves except
for the points for the 200-day transfer in Fig. 8. The deviation of
these points is caused by the discontinuity in the 200-day transfer
curve in Fig. 2. Because the motion is assumed to be Keplerian between
Earth and Mars, the inclination of the heliocentric orbit plane will
increase rapidly as the heliocentric transfer angle approaches 180 deg.
The large inclination angles result in large velocity increments. This
is indicated by the discontinuities in the curves of Figs. 2 through
9, If a mid-course plane change of two or three degrees is allowed,
the vehicle can travel in the ecliptic plane to some point, say to the
Mars line of nodes, and then travel in the Mars orbit plane or in a
nearby plane. The velocity increments for this type of orbital trans-
fer can be obtained approximately by carefully sketching a smooth curve
across the discontinuities in the curves of Figs. 2 through 9. Except
for the discontinuities, the curves obtained for transfers with a mid-
course plane change will not differ significantly from those of Figs, 2

(3)

In all of the examples a stay time in the Mars parking orbit of

through 9.

zero was arbitrarily chosen. Because of the location of the minima

and the slopes of the velocity-increment curves in Figs. 2 through 9,

it is clear that for a minimum velocity increment, increased stay time
at Mars requires earlier departure dates from Earth and results in an
increased total velocity increment for the mission. This is illustrated
by using the mission of Example 1, the curves in Figs. 2 through 9, and
by letting the stay time at Mars increase from zero to 100 days. The
results are shown in Fig. 12. The curves show an approximately linear

increase in the total velocity increment with stay time at Mars for
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minimum-energy missions. The average velocity penalties for stay time
at Mars are about 210 and 155 ft/sec/day for 1971 and 1975 departures,
respectively. For a reversal of the transfer times the average veloc-
ity penalties become 223 and 90 ft/sec/day for 1971 and 1975 departures,

respectively.

DEPARTURE WINDOWS

For interplanetary missions, two departure windows exist. One,
the heliocentric window, is determined by the relative motion of the
departure and destination planets., The other, the geocentric window,
is determined by the orbital elements of the parking orbit. Because
the angular rate of the vehicle in the parking orbit is much greater
than the rate of change of the angular orientation of Earth and Mars,
a delay of minutes in the departure from the parking orbit on a given
departure date may require as much additional wvelocity increment as a
delay of several days if the time of departure from the parking orbit
is correct for the delayed-departure date,

Only the size of the heliocentric departure window is discussed.
By using Figs. 2 through 9, missions requiring a minimum total velo~-
city increment for several favorable orientations of Earth and Mars
are obtained.

Table 5 gives the departure dates and total velocity increments
for several minimum-energy missions, all of which assume zero stay
time at Mars. As indicated by the first column, AT represents the

number of days before and after the minimum-energy mission.,

CONCLUS IONS

Single-plane heliocentric orbits require excessively large veloc-
ity increments when the transfer angle is near 180 deg.

The minimum required velocity increment for an Earth-Mars round-
trip mission increases significantly as the departure date increases
beyond December 1970.

In general, an increase in the stay time at Mars will require an

increase in the required velocity increment.
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