Mariner Mission to

Venus and Mercury in 1973

By ROGER D. BOURKE and JOSEPH G. BEERER

Jet Propulsion Laboratory

The year 1973 presents an unusual
bpportunity to fly a single space-
craft to both Venus and Mercury.
NASA plans to take advantage of
this opportunity, and the Mariner
Venus/Mercury 1973 (MVM *73)
project has been established to
carry it out. (Project management
for MVM '73 was assigned to JPL
in December 1969.) The two-
planet mission has these objectives:

1. To conduct exploratory in-
vestigations of Venus and Mercury
—measuring environmental, atmo-
spheric, surface, and body charac-
teristics. First priority is assigned
to Mercury investigations.

2. Secondarily; to perform ex-
periments in the interplanetary
medium and to obtain experience
with a dual-planet gravity-assist
mission,

MVM '73 SPACECRAFT CONFIGURATION

The MVM ’73 project still being
in its early stages, with many key
aspects of the mission yet to be
decided, this article necessarily
treats the preliminary mission plan-
ning phase—background of the
project, characteristics of the 1973
opportunity, and sonfe possible
mission options being considered.

Background: The opportunity to
go to Mercury by Venus (swing-
by) was first identified by Mino-
vitch,! who showed the dual ad-
vantages of this mode: First,con-
siderably lower launch energy than
a direct mission to Mercury and,
second, the bonus of close scien-
tific investigation of Venus. Sturms
surveyed the six Earth-Venus op-
portunities of this decade (1970,
1972, 1973, 1975, 1977, 1978)
and found that only two—1970
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and 1973—permitted ﬁighls on to
Mercury with reasonable flyby alti-
tudes at Venus and real advan-

_tage in lower launch energy.? Al-

though the planetary configuration
approximately repeats every eight
years, the 1978 Venus opportunity
does not constitute a Venus/Mer-
cury opportunity. The high incli-
nation, eccentricity, and mean mo-
tiont of Mercury make a very accu-
rate repeat of planetary positions
necessary to obtain similar trajec-
tory conditions.

As the dual-planet mission was
by-passed in 1970, the 1973 op-
portunity becomes the one time in
the 1970s that an Atlas/Centaur
¢an launch a Mariner-class space-
craft to Mercury passing by Venus
at an altitude of 1000-6000 km.
The 1973 conditions permit, more-
over, a considerable range of ar-
rival conditions at Mercury, and
so considerable choice of scientific
measurements.

Mission and spacecraft designs
have been evolving since the first
system-level study of a spacecraft
to fly the 1973 mission was under-
taken at JPL in late 1966.% Eck-
man gave a general discussion of
the mission as of June 1969.* A
JPL report describes the details of
the design "at that point.* This
article depicts the project as we
turn into the new year, and em-
phasizes trajectory characteristics.-

Science Payload: A science pay-
load for this mission was tenta-
tively selected in July 1970. The
table on page 55 lists experiments
and principal investigators.

Many. of the experiments re-
semble those flown on earlier Mar-
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iners. For instance, the television
derives from the TV on the MM 71
orbiter, but the optics have been
modified so that both cameras give
high resolution. (See the August
1970 A/A, p. 64, for a complete
discussion of MM ’71.) The celes-
tial-mechanics and radio-science ex-
periments will be enhanced in this
mission by the addition of an X-
band spacecraft-to-Earth link co-
herent with the S-band signal. This
will allow separation of charged-
particle effects along the signal
path. All experiments will benefit
from a greatly increased data rate.
For the first time it will be pos-

shield the spacecraft bus and most
of the instruments.

Two low-gain antennas mount-
‘ed on opposite sides provide com-
munications throughout the mis-
sion for all spacecraft attitudes.
The high-gain directional antenna,
a 48-in.-diam circular parabolic
reflector on a 2-deg-of-freedom
hinge, is mounted on the side of
the bus. The TV-camera scan plat-
form rides in the shade behind the
central bus. An extendable boom to
one side holds two magnetometers
to isolate them from the space-
craft’s magnetic field.

During cruise, the spacecraft

under the higher heating rates near
Mercury. An alternative configura-
tion is being studied in which the
motor axis is mounted parallel to
the roll axis.

The CC&S, based on the MM 71
design, generates the timing and
sequencing functions for the space-
craft subsystems throughout the
flight. It is a stored-program spe-
cial-purpose digital computer with
a fixed sequencer for maneuver re-
dundancy.

A new flight data subsystem

- (FDS) samples the science and the

engineering measurements and does
any necessary onboard processing

This first U.S. spacecraft to Mercury will sweep by Venus —in the in-
itial use of the gravity-assist technique expected to play a prominent
role in outer-planet missions —pass close to the Sun’s nearest neighbor,
and, half a year later, owing to an unusual condition of celestial me-
chanics, possibly revisit it for further studies

sible to send full-resolution TV
pictures in real time from Venus.

Spacecraft: The MVM 73 space-
craft, shown on page 52, will look
much like previous Mariners, its
configuration based on the MM '69
and '71 hardware and technology.
The “baseline” configuration of
components is still flexible and
changing, of course, and in final
form may differ somewhat from
the sketch shown.

The higher solar intensity en-
countered on this mission makes
just two solar-cell panels adequate
for power. The two fully celled pan-
els ride outriggers to decouple
them thermally from the space-
craft bus, and these members can
be folded away from the Sun to
limit the solar-cell temperature.
Louvres on six of the bus’ eight
bays regulate its internal tempera-
ture. The propulsion subsystem oc-
cupies one of the remaining bays.
A sunshade and thermal blankets

January 1971

axes are aligned relative to the Sun
and the star Canopus through the
use of celestial sensors. Gyros give
an inertial reference for other nec-
essary orientations, as in trajec-
tory-correction maneuvers. An au-
topilot control subsystem stabilizes
the spacecraft during burning of
the trajectory-correction motor.
This control system uses the gyros
as the error sensors and jet-vane

i

actuators to set the thrust vector.

A modified version of the MM 69
propulsion system—using anhy-
drous hydrazine and rated at 50-1b
thrust in vacuum—generates im-
pulse for trajectory corrections.
Timed engine firings, controlled by
a central computer and sequencer
(CC&S), determine impulse mag-
nitude. A blowdown propellant-
feed system, with a multi-start ca-
pability, is being considered for the
mission. Also, the motor needs a
new bladder that will not cause ex-
cessive propellant decomposition

before data transmission to Earth.
This new subsystem permits the
telemetering of more functions than
before and at a higher rate. For the
science instruments, the FDS pro-
vides the fine timing pulses to con-
trol such functions as multiplexer
stepping and calibration. Multiple
telemetry data streams range from
85 bits/sec for engineering data
during cruise to 117,600 bits/sec
for real-time TV at Venus. An all-
digital tape recorder, based on the
MM '71 design but modified for
record rates of 117,600 and 2450
bits/sec, stores data. This recorder
will be used to record and play
back 882 full-resolution pictures
taken at Mercury. Some 2775
quarter-resolution pictures will also
be transmitted in real time from
Mercury. A half-disc mosaic com-
posite of these pictures will be
equivalent in resolution to the best
Earth-based pictures of the Moon.

The telecommunications subsys-
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tem (117,600 bits/sec) will be a
modification of the MM ’71 unit,
whose maximum data rate is 16,200
bits/sec. An X-band transmitter
has been added to support the ce-
lestial-mechanics and radio-science
experiments.

Characteristics of the 1973 Op-
portunity: The first detailed trajec-
tory analysis for this mission was
published by Sturms, who empha-
sized the flyby of Venus.® Since
mission objectives now stress Mer-
cury, it is appropriate to review
this information in a form more
suitable for Mercury mission de-
sign. The chart on page 56 shows
contours of constant launch energy
(C4)—defined as twice the energy
per unit mass of the spacecraft at
Earth escape (in km?/sec*)—as
related to the spacecraft weight
that can be flown with the particu-
lar launch vehicle. For instance, an
Atlas/Centaur can launch a space-
craft in the 900-1b class on a tra-
jectory with C; =21 km?/sec®.
Hence, Atlas/Centaur can launch
a spacecraft in this class on any
trajectory with launch and arrival
dates inside the C; = 21 km?/sec?
contour. Charts and diagrams on
pages 56-57 include trajectories
with launch energies up to 29
km?/sec? to completely cover the
1973 opportunity.

Each pair of Earth-launch and
Mercury-arrival dates defines a
unique trajectory and completely
specifies the flyby conditions at
Venus; i.e., for a given trajectory
there is no flexibility in the Venus
encounter. A chart on page 57
shows one of the Venus flyby pa-

rameters — the altitude of closest
approach (radius used, 6052 km).
It presents, of course, a hard boun-
dary to the available trajectories-at
zero altitude.

A set of diagrams on page 56
shows Mercury as it would appear
from an approaching spacecraft—
for six trajectories having a com-
mon launch date of October 24,
1973, and different arrival dates.
Each picture shows the Earth and
Sun occultation zones in the plane
normal to the incoming asymptote
(the aiming plane). The spacecraft
can be targeted to any point in this
plane; the selected aiming point will
dictate the flyby geometry. If the
aiming point falls within the occul-
tation zones, the spacecraft will be
hidden from the Sun and Earth as
it passes by Mercury.” Vectors R
and T define an aiming-plane co-
ordinate system, T being perpen-
dicular to the incoming asymptote
and parallel to the ecliptic, and R
completing a right-handed set.

For progressively later arrivals,
the Earth occultation zone moves
from alignment with T to alignment
with R, the planet as seen from the
approach asymptote becomes more
illuminated, and the prime meridian
moves into the dark. On March 26,
1974, Mercury is at aphelion and
the prime meridian lies on the ter-
minator. (This occurs as a result of
the prime meridian definition—
passing through the subsolar point
at the instant of perihelion passage
on May 1, 1968, and the synchro-
nism of Mercury rotational and or-
bital periods.”)

For reasons discussed in the next

-
—

section, a March 30, 1974 Mercury

arrival (see page 57) has been se- o

lected.

Mercury Flyby: Selection of the
arrival date and targeting at Mer-
cury depends on the scientific re-
quirements of the experiments
flown. Although these requirements
have not been fully developed, they
can be generally placed into the fol-
lowing categories: '

1. Imaging.

2. Nonimaging but planet-orien-
ted (UV spectrometer and IR
radiometer).

3. Fields and particles (plasma
science, charged-particle tele-
scope, and magnetometer).

4. Celestial mechanics and radio
science.

Requirements for the different
categories vary considerably. In
general, the lowest and slowest pos-
sible trajectories prove most desira-
ble for the experiments.

The imaging experiment will ob-
tain its most valuable data by view-
ing the planet close up at phase an-
gles near 90 deg. The nonimaging
planet-oriented experiments have
various requirements for looking at
the light side, dark side, and limb
of the planet, and also various pref-
erences for flyby altitude and speed.

Fields and particles experiments
require low altitudes to detect the
expected weak magnetic field and
preferably should pass through the
Sun occultation to sample the solar-
wind wake behind Mercury.

The celestial-mechanics and ra-
dio-science experiment requires the
spacecraft to pass through the
Earth-occultation zone so that ef-

ROGER D. BOURKE (M), far left, supervises the Advanced Projects Group
in the Jet Propulsion Laboratory's Mission Analysis Division. During its
- early phases, he was responsible for the analysis and design of the
i~ Mariner Venus-Mercury 1973 project. Bourke received a Ph.D. in aeronau-
- tics and astronautics from Stanford University in 1964. Following gradua-

;' tion he stayed at Stanford as a research associate for six months, working

- on unconventional inertial sensors. He then joined the Jet Propulsion Lab-

i oratory and has since primarily worked on advanced planetary missions.
JOSEPH G. BEERER is cognizant trajectory engineer for the Mariner
Venus-Mercury 1973 project; and he performed the initial investigation of
the Mercury-return trajectory possibilities. Beerer joined the Navigation
and Mission Design Section of the Jet Propulsion Laboratory in 1969 after
receiving an M.S. in astrodynamics from the Univ. of California- at Los An-
geles. He holds a B.S. in engineering from the Univ. of Colorado.



fects of propagation through any
Mercury atmosphere can be mea-

sured.
To satisfy all these requirements

on a single trajectory is very diffi-
cult, if not impossible. From an
imaging standpoint, the optimum
lighting conditions occur on April
1. On this date the approach asymp-
tote is normal to the Sun line, and
the planet appears half-illuminated
on the approach. However, the Sun
and Earth occultation zones over-
lap little on this date. The earlier ar-
rival dates have larger overlapping

as shown in diagrams on page 57.
Venus Flyby: As noted, choosing
the Earth-launch and Mercury-ar-
rival dates specifies the flyby condi-
tions at Venus. The 1973 opportu-
nity exhibits only a small variation
in the Venus flyby conditions since
the passage date is confined to a
few days for trajectories of interest.
Closest-approach altitude and du-
ration of Earth occultation show the
largest variations.
To illustrate typical passage con-
ditions at Venus, three diagrams on
page 58 show the planet and flyby

ation that makes the 1973 oppor-
tunity feasible with realizable
launch energies.

In an ecliptic-plane projection,
top of chart on page 59 depicts
the heliocentric transfer for a tra-
jectory having an October 24, 1973
launch date and a March 30, 1974
Mercury-arrival date. At Mercury
encounter the spacecraft has nearly
reached its closest approach to the
Sun. Perihelion passage occurs
some five days after encounter at a
distance of 0.46 AU. The space-
craft passes superior conjunction

MVM '73 SCIENCE EXPERIMENTS AND LEAD INVESTIGATORS

Experiment and
Principal Investigator

Objectives

Television:
B. C. Murray,"*
CalTech

Celestial Mechanics
and Radio Science:
H. T. Howard,"*

Stanford University

Ultraviolet Spectrometer:

A. L. Broadfoot,
Kitt Peak Natl. Obser.

Infrared Radiometer:

S. C. Chase Jr.

Santa Barbara Research
Center

Plasma Science:
H. S. Bridge,
MIT

Charged-Particle
Telescope:

J. A. Simpson,
University of Chicago

Magnetometer:
N. F. Ness,

Goddard Space Flight Center

Obtain imaging data on the surface of Mercury to map and identify major physiographic provinces,
with special emphasis on the recognition of endogenic structures. Determine the spin-axis direction
and investigate color differences on Mercury, and study clouds (especially in the ultraviolet), atmos-
pheric structure, and general circulation at Venus.

Detect and measure an ionosphere or atmosphere at Mercury and study the ionosphere and upper
atmosphere at Venus. Also, determine the radius and mass of Mercury and search for gravitational
harmonics at both planets.

Detect the presence of an atmosphere at Mercury and identify some of its neutral constituents. Also,
investigate certain neutral constituents of the upper atmosphere of Venus and map the celestial
sphere in the H and He Lyman and during transit.

Measure the infrared thermal radiation from the surface of Mercury between late afternoon and
early morning, local time, and search for deviations from the average thermal behavior of the surface.

Determine the nature of the interaction of Mercury with the solar wind and from this derive conclu-
sions about the planet. While in interplanetary space. study the plasma properties as a function of
heliocentric distance.

Search for trapped radiation at Mercury and observe particles associated with a magnetotail and
bow shock. Also, conduct studies bearing on solar and galactic origin and the modulation of guasi-
steady fluxes of particles in interplanetary space.

Study the solar-wind interaction with Mercury and Venus by means of vector magnetic field measure-
ments. Determine whether a magnetic tail exists trailing behind Venus, and study the characteristics
of interplanetary magnetic fields between 0.4 and 1.0 AU.

*Team leader.

occultation zones (see page 56) and
therefore do not require as small a
final dispersion to assure passage
through both.

The March 30 baseline arrival
date allows a moderate occultation
overlap and some 45% of the
planet presented in sunlight to the
approaching spacecraft. Fortu-
nately, these arrival dates have the
minimum  available  approach
speeds of 10.5 km/sec.

The baseline trajectory is target-
ed for the occultation-overlap zone
and a closest approach of 1000 km,

Jannary 1971

trajectory from various vantage
points: From the Earth, the space-
craft passing behind the planet;
from the Sun (note, no Sun occul-
tation); and from a point above
the trajectory plane. The depictions
here of Venus note the sites of sev-
eral radar-identified surface fea-
tures.®

Heliocentric Transfer: Earth-
to-Mercury flights during the 1973

" opportunity take typically 140-180

days. The spacecraft reaches Mer-
cury near aphelion of its fairly ec-
centric orbit. In fact, it is this situ-

approximately 70 days after Mer-

= cury encounter. An edge view of the

ecliptic in the bottom chart on page
59 shows the trajectory going above
the plane, passing Venus near the
planet’s maximum celestial latitude,
and then descending to Mercury be-
low the ecliptic.

Return to Mercury: In 1970
Guiseppe Colombo of the Instituto
di Meccanica Applicata alle Mac-
chine, Padova, Italy (Professor
Colombo discovered Mercury’s
3-2 rotation-period and orbital-
period synchronism in 1966),
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pointed out that the spacecraft can
return to Mercury after one com-
plete revolution about the Sun. This
unusual opportunity arises because
the heliocentric orbital period of
the Venus-Mercury leg of the tra-
jectory is in the neighborhood of
two Mercury orbital periods. Mer-
cury, makes one revolution about
the Sun in 88 days. By selecting the
proper aiming point at Mercury, the
trajectory can be perturbed so that
the spacecraft’s heliocentric orbital
period after encounter is exactly
twice Mercury’s period, thereby al-
lowing the spacecraft to return to
Mercury 176 days after the first
flyby.

A direct Earth-Mercury trajec-
tory does not present this return
opportunity, since the heliocentric
orbital period is much different
from two Mercury orbital periods.

The chart on page 59 shows the
March 30, 1974, Mercury aiming
plane with the locus of aiming points
which put the spacecraft on a re-
turning trajectory. The set of aim-
ing points depends on the date of
launch. Fortunately, some aiming
points in the dual-occultation re-
gion coincide with low launch-ener-
gy trajectories — i.e., trajectories
with launch dates near November 5,
1973. Thus, the return to Mercury
can be made without altering the
baseline trajectory.

The aiming point for the second
56
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flyby is arbitrary. A polar flight
might be desirable to view a dif-
ferent portion of the planet. The=
scientific objectives of the MVM
73 mission could be greatly en-
hanced, of course, by a second
visit to Mercury.

Although the baseline mission
design does not include the Mer-
cury-return option, the possibility
is under careful study.

Navigation: The feasibility of
the multi-planet mission hinges on
accuracy of navigation at the inter-
mediate planet. Sturms and Cutting
demonstrated the practicality (pro-

MERIDIAN

MARCH 22 ARRIVAL

APRIL 3 ARRIVAL

¥ 13 17 21 25 i 3 7 11
MNOVEMBER DECEMBER

PRIME
MERIDIAN

MARCH 26 ARRIVAL

PRIME

MERIDIAN
T l !%T
R

R
APRIL 7 ARRIVAL

EARTH EARTH

pellant load reasonable in terms of
navigational accuracy and trajec-
-tory-correction demands) of the
swingby technique for the 1970
opportunity.® Sturms subsequently
published a guidance analysis of
the 1973 opportunity with similar
conclusions.” Recent studies at JPL
updating this analysis confirm its
conclusions,

As in previous Mariner mis-
sions, the first trajectory-correction
maneuver will be performed a few
days after launch to remove launch-
vehicle dispersions. Surveyor and
MM'69 flight experience has shown

Astronantics & Aeronantics
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MERCURY FROM APPROACH ASYMPTOTE
March 30, 1974, arrival.

SUN

CCCULTATION
ZONE

3 4 8 12 16 20 24 28 |
OCTOBRER
EARTH LAUNCH DATE, 1973

MERCURY-FLYBY TRAJECTORY PLANE
Dots mark 1-min intervals along the
trajectory. Note small deflection of
spacecraft's path, owing to high approach
speed and small mass of the planet.

IMPACY RADIUS
(AW POINTS WITHIN
THIS LOCUS RESULT

IN IMPACT)
EARTH

ZONE

the exceptional accuracy of Atlas/
Centaur. The rms dispersion at
Venus following injection, but be-
fore a trajectory correction, should
be 31,900 km. This means a single
trajectory correction of only about
4.7 m/sec will bring the spacecraft
within 400-500 km of the intended
aiming point at Venus.

Aiming-point accuracy require-
ments at Venus, however, are ex-
ceedingly stringent: a I-km miss at
Venus causes a 1000-km miss at
Mercury, which, of course, must be
corrected between Venus and Mer-
cury.

To reduce the size of this post-
Venus maneuver, the spacecraft
must come as close as possible to
the nominal aiming point at Venus.
A second maneuver, of about 3.5

fammry 1971

é BASELINEG AlM POINT

OCCULTATION

m/sec, will be performed a few
days before Venus passage. The
residual dispersion at Venus will
then be almost entirely due to or-
bit-determination (OD) uncer-
tainty at the time of this maneuver.

The level of OD accuracy de-
pends on several factors: relative
position of the Earth-based radio-
tracking station. relation of the
Earth’s spin axis relative to the

| ' i
Venus h Okm
o

1000
2000

3000 \
4000 H‘"\\_‘

NOVEMBER DECEMBER

crust, charged-particle density be-
tween the station and the space-
craft, accuracy of Universal Time
measurements, and unpredictable
nongravitational forces on the
spacecraft. (See the May 1970
A/A for a complete discussion of
the problems in planetary naviga-
tion.)

Since it is necessary to know the
position of the spacecraft relative
to Venus, a highly accurate ephem-
eris for the planet is needed. Be-
cause of the two earlier flybys and
radar-bounce experiments, knowl-
edge of the ephemeris has improv-
ed dramatically over recent years.
and rms ephemeris uncertainty is
expected to be down to 1 km at the
time the spacecraft reaches Venus.

Although optical observations
can improve knowledge of the
spacecraft’s position relative to the
planet (Kingsland'" has shown the
great advantage of this mode for
the Grand Tour), the MVM’73
spacecraft will approach Venus
from the dark side and the candi-
date optical instruments and im-
aging systems will have difficulty
viewing objects close to the Sun.
For this reason, there are no plans
now to use optical measurements
on the approach to Venus. They
may be used at other times in the
mission, but they are not being
considered in the navigation stra-
tegy.
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A preliminary analysis of radio-
tracking accuracy for this mission
indicates the final rms miss at Ve-
nus will be 25 km. This will ne-
cessitate a post-Venus maneuver of
4.8 m/sec (mean). The residual
dispersion at Mercury after this
maneuver comes primarily from
execution errors.

The chart on page 59 shows the
3-¢ dispersion ellipse in the aiming
plane centered on the nominal aim-
ing point. This dispersion means a
substantial probability that the
spacecraft, following the third ma-
neuver, will be on a course well
away from the desired aiming
point.

If this happens, a fourth maneu-
ver will be performed. The same
chart shows the small dispersion
following this maneuver.

A thermal-control requirement
—to tilt the solar panels away
from the Sun when the spacecraft
comes inside 0.63 AU — dictates
the latest time the fourth maneuver
can be made. The resultant shift in
spacecraft center of mass prohibits
maneuver in this configuration. So
it must be performed within 23
days following Venus passage.

The rms magnitude of the fourth
maneuver is extremely small, since
it is performed well before Mer-
cury arrival. If this maneuver is
made, and if the aiming point falls
near the locus for a return trajec-
tory, there is a good chance that
sufficient midcourse fuel will be
left to bring the spacecraft back for
a second Mercury flyby. It is ex-
pected that the maneuver velocity
requirements for the return mission
will be about 7-14 m/sec.

TRAJECTORY CORRECTION MANEUVERS

VENUS AS SEEN FROM EARTH
Dots mark 3-min intervals along

trajectory.

SUN SHADOW

VENUS-FLYBY TRAJECTORY PLANE

BETA

+EPSI

VENUS AS SEEN FROM SUN

EARTH SHADOW

Maneuver Time, Mean Size,
days g Purpose Limitation Implication

Launch + 10 4.7 Remove launch-vehicle Execution, rms dispersion at Venus,
dispersions. 400-500 km.

Venus encounter — 3 a5 Remove execution errors from Orbit determination. Third maneuver required.
first maneuver.

Venus encounter + 3 4.8 Compensate for navigation Execution. rms dispersion at Mercury of
errors at second maneuver. about 500 km.

Venus encounter + 15 to 23 0.2 Remove execution errors from Orbit determination Residual rms dispersion at

third maneuver.

and execution.

Mercury of about 45 km.

58
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MERCURY IMPACT RADIUS

MERCURY SURFACE

10-4-73 LAUNCH

MERCURY
SURFACE

BASELINE

AIMING POINT

11-13-73 LAUNCH
10-24-73 LAUNCH

Locus of return-trajectory aiming points for March 30, 1974, arrival.

The table on page 58 summa-
rizes the trajectory-correction man-
euver requirements.

Concluding Remarks: Scientif-
ically MVM 73 will greatly en-
hance our understanding of that
strange planet closest to the Sun,
Mercury. As a bonus, we will make
a major new investigation of
Venus.

The mission has important im-
plications, moreover, in terms of
astrodynamics: For the first time

MERCURY
IMPACT RADIUS
DuAL
OCCULTATION
REGION

this country will exploit the grav-
itational potential of a planet to
significantly reduce launch require-
ments to achieve a final goal.

Furthermore, MVM '73 presents
a navigation challenge unlike any
previous mission’s; the 1000-to-1
magnification in miss between Ve-
nus and Mercury calls for excep-
tional accuracy at the Venus pas-
sage.

Finally, the trajectory geometry
may permit the spacecraft to re-

HELIOCENTRIC VIEWS OF TRANSFER TRAJECTORY
October 24, 1973, launch date. Dots on bottom chart mark two-day intervals.

January 1971

DUAL OCCULTATION
REGION

POST THIRD
MANEUVER

Z’Oll’ FOURTH MANEUVER

Dispersion ellipses (37) on Mercury aiming plane for March 30, 1974,
arrival. Scale: 1 in. equals 2000 km.

turn to Mercury for a second look.
Ten years ago, when we embarked

on the first Venus mission, this
would have been viewed as an
amazing opportunity for space ex-
ploration indeed.
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