JET PROPULSION LABORATORY California Institute of Technology « 4800 Oak Grove Drive, Pasadena, California 91103

July 11, 1967

Refer to: 312-EC:blf

Mr. Michael Minovich
1344 wW. 84th Street
Los Angeles, California 90044

Dear Mr. Minovich,

I wonder if Mike saw the enclosed clipping from the Los Angeles Times.
If not, would you please forward it to him. I am not sure what his
address is for the summer.

If Mike is home at all this summer, please tell him to visit us.
Very truly yours,
z -
{;eﬁﬁfﬁf ‘fQZiﬁkzg
Elliott Cutting

Manager
Systems Analysis Section

Telephone 354-4321 Twx 213-449-2451
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EXCITING, SIGNIFICANT

Mercury Fly-By Called
Choicest Plum in Space

BY GEORGE GETZE
Times Science Writer

A Mariner fly-by of the planet
Mercury is the "choicest plum ripe
for picking in the whole orchard" of
possible space explorations, accord-
ing to Bruce Murray, associate
professor of planetary sciences at

Dr. Murray said in an interview
that such an expedition to the
vicinity of Mercury would be as
scientifically exciting and signifi-
cant as any other space project now
possible.

Not onlv would a Mercury fly-by
be most significant to science, it is
technologically possible with the
tools the United States already has,
particularly its guidance and com-
munications systems, Dr. Murray
gaid at Caltech.

He was the speaker at a summer
scientific meeting .of the Astro-
nomical Society of the Pacific, being
held at Caltech.

Only U.S. Is Able

Murray said the United States is
the only country now able to send a
space vehicle to Mercury, especially
along the indirect route he proposes.

"Mercury is by far the least
observed of the terrestrial planets of
the solar system," he said.

"Think how much the surface
pictures of Mars changed the scien-
tific view of that planet," Dr.
Murray said.

"The advances in science to be
gained from similar pictures of the
surface of Mercury could be incom-
parably greater, if only because we
know so much less about Mercury
than we knew about Mars."

The fact that we know so little
about Mercury, however, is not the
most important reason for wanting
to know more, Dr. Murray said.

"Mercury iz in some ways an
anomaly among the planets,” he
said.

"For instance, although it is not
much bigger than our moon, it may
be as dense as the earth itself.

*We don't know why it is so dense.
Is it just another moon that happens
to have an iron core, or is it an
earth-like planet with mountains?"
he asked.

Murray said science has a great
deal to learn about the atmosphere
of Mercury.

"It was thought a few vears ago
that Mercury had a very dense
atmosphere, probably of some gas
like carbon dioxide," Murray said.

"New radar discoveries of the
rotation of Mercury have led to the
abandonment of that idea. But we
are not sure yet what concept of
atmosphere can be substituted."

Dr. Murray said Mercury rotates
three times on its axis while going
around the sun twice. One day on
Mercury is equal to 176 earth days.

"But a few vears ago the fact that

Mercury rotated at all on its axis
wasn't known. It was thought
always to keep the same side turned
toward the sun,” he said.

He said to send a space vehicle
directly from the earth to Mercury
would take a Saturn V rocket, too
expensive a proposition to be se-
riously considered by those holding
the purse strings of the space
program.

"But we will soon have what can
almost be called a unique opportuni-
ty to do it with cheaper rockets and
instruments we have on hand," Dr.
Murray said.

The suggestion is that the Atlas
Centaur rocket be used (the same
one that is used in the Mariner
program) and that instead of the
vehicle being launched toward
Mercury, it be directed toward
Venus,

The gravitational force of Venus
would be calculated exactly to pull
the space vehicle off its original
course and deflect it toward Mer-
cury.

This, Dr. Murray said, would be
like having a free, extra rocket stage
to carry the vehicle on toward
Mercury, and would provide the
equivalent energy of an enormous
propulsive maneuver in space.

Called 'Bank Shot'

This procedure is known as the
"bank shot," as in billiards, and was
first proposed in 1963 by M. A
Minovitch,

According to Dr. Murray, the
United States is the only country
with sophisticated enough guidance
and communications systems to
bring it off.

To make the bank shot work,
Mercury has to be at its farthest
from the sun and Venus at its
nearest, and this alignment doesn't
come about often.

"The next time they will be lined
up that way will be in 1970, and that
is probably too soon to get every-
thing ready, especially in view of
the limited amount of money that is
available for planetary exploration,”
Dr. Murray said.

"The next time after that will be in
1973, when the lineup of Mercury
and Venus and the sun will again be
favorable,

" After that, they won't be lined up
right again until 1982, and then not
so perfectly as in 1973.

"You can say that for all practical
purposes, it's in 1973 that the shot
has to be made or we can forget
about it for a decade or two, and
then it will be a project for our
children," Dr. Murray said.

He said the necessary alignment is
so rare because the celestial mecha-
nics involved are very complicated,
both Mercury and Venus having
eccemtrie orbits,
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FROM W. Stavro eXT. 1019 SEC. 302

SUBJECT OOrigin of "Gravity Assist" Trajecctorics

In the AA article published in September 1970 which I co-authored with Divita,
Draper, and Frewing, one of my responsibilities was to present a chronological
order of the research done on multipLe planet swing-by trajectories. At that time
I attempted to be as correct as possible in order to give the proper credits.

Recently, I have been looking back again at the origin of the "gravity assist"
idea. In the AA article, I made the statement: "The concept of using the gravity of
a planet to change the trajectory of a space vehicle was initially advanced by Hohmann
in his analysis of an Earth-Mars-Venus-Earth trajectory." The reference quoted for
that was a German paper written by Hohmann in 1925. I just recently obtained a
translation to this memo and have discovered that my statement was incorrect! Honmann
did not use the gravity of a planet to change the trajectory, he used on-board rocket
propu151on to obtain the required AV! So crediting Hohmann for the basic idea of
"gravity assist" was incorrect. Actually, this credit to Hohmann was first advanced
by Flandro in a paper called "The Mechanics and Applications of the Planetary Swing-by
Maneuver in Interplanetary Mission Design" (AAS, Denver, Colorado, July 1968).

NDiaring further intn this, I discovered a Secticn TM'writtcon by M. Mincvich $oh Jile
130) catcd August 23, 1G01! As far as I can tell this is the original idea and theory
behind all gravity assist trajectories. I read that memo with keen interest and I
truly believe it provides the technological breakthrough in trajectory design since

it essentially solves in a practical way the N-body trajectory problem! In that memo
Minovich not only proposed the solution to an Earth-Venus-Earth trajectory, using
pravity assist, but also proposed the following mission: Earth-Venus-Mars-Earth-
Saturn-Pluto-Jupiter-Earth.:! I guess if anybody is to be accredited with the original
idea of 'celestial billiards" it has to be Minovich! :

I would like to set the record straight and correct my erroneous statement in the
AA article, however, I'm not sure what the best way is. I would like your advice
in this matter.

Bill Stavro
WS:mcl

ce: A. M. Goldman, Jr.
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PROPOSED CITATION

NASA EXCEPTIONAL SCIENTIFIC ACHIEVEMENT AWARD --1971

Dr. Michael A. Minovitch

JET PROPULSION LABORATCRY

For the invention and development of the coneept of gravity thrust space
flight wnich form the basis for the multiplanet missions planned for tae
seventies. He did the first theoretical and numerical work that deuonstrated

the many significant advantages of multiplanet travel.

Contact: Dr. C. Re. Cates
Manager
Mission Analysis Division

354 -4gko
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NASA EXCEPTIONAL SCIENTIFIC ACHIEVEMENT AWARD - 1971

Dr. Michael A. Minovitch

JET PROPULSION LABORATORY

For inventing and developing the concept of Gravity Thrust Space Travel. This
revolutionary concept, formulated in 1961 by Dr. Minovitch at the California
Institute oI Tecynology's Jet Propulsion Laboratory, permits space vehicles,
launcned on relatively low energy initial transfer trajectories, to travel
throughout the “htire Solar System by substituting conventional rocket thrust
with gravitational forces of passing planets. These gravity thrust trajectories
can be expressed by sequences of the fo;@ Po-- Pl - Pz - . s s = Pn’ where Po
denotes the initial point or launch planet and Pn denotes the terminal point or
arrival planet. He viewed each intermediate planet P&, as a moving gravitational
field which interacts with the vehicle's mass to provide the necessary inertial
tarust to reach Pi+l' Once the vehicle is launched onto its first leg, all
subsequent interplanetary trajectory changes are accomplished essentially free-
of-charge by a series of controlled gravitational interactions; controi is
accomplished by selecting various planetary approadh'trajectories. Since these
gravitaetioral thrust forces increase automatically with vehicle mass, as prescribed
by the Newtonian equivalence principle,. it does not matter how massive the
vehicie is once it is launched. Hence, in this concept of trajectory design,
there i1s no upper limit on the amount of free energy available to carry out
interplanetary trajectory changes.

Fcllcewing his theoretical analysis, Dr. Minovitch initiated a large scale
numerical investigation of the concept in 1962. These computations proved that
the concept could be employed to significantly reduce launch energies and/or flight
times for aimost all interplanetary missions, both manned and unmanned, which
vere designed along conventional direct flight techniques previously thought to be
ootim=l. All currently planned interplanetary missions involving free-fall multiple
planetary encounters such as Earth-Venus-Mercury and the Grand Tour missions
piacnea for the latter part of this decade are vivid demonstrations of hils concevt
and its -imgact on the field of interplanetary trajectory design. Dr. Minovitch
thus aiscovered a method for interplanetary space travel which derives its energy
Trca irhe essentially inexhaustable and infinite orbital energiles of the various
planets.

Contact: Dr. C. R. Gates
Manager

Mission Analysis Divi: ..2
35L4-4940 _
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T0: R. D. Bourke

TRGM: . A. Minovitch

SUBJZCT: NASA Exceptional Performance Award

Regarding our discussion yesterday, I would like to express my deep erprecistion
to you, Mr. Lehman and to JPL for communicating to me last Friday and again
yesterday the fact that JPL had officlally approved the citation write-u:

I provided August 2 in I0M 393.1-202. As you indicated to me during our
discussion, & brief summetlon paragraph is also reguired. I am attaching tais
additional capsule write-up which I leel is appropriate. You will note ti.at

it is very close to one of the write-ups you gave me to look over. Since the
formal write-up which I submitied August 2, 1971 has already been approved oy
"JPL, I understand that it will be sent to Washington and appropriately recorded
on orfficisl records. I alsoc undersvand that only the abbreviated paragrapa
will appear on the actual award certificate.

MAM:mme
Attacn. .
ce: C. R. Gates : ' .

P. D. Lehman
Y. He Pickering



AJF-I—} INTEROFFICE MEMO
. M : = it %

SEC:

s /(mw EXT. SEC.
SUBJECT J IOM 5?3 L B2 )s
DO no?z ¢/ rm/ﬁf / CrrlUms Vé&wpf:/ Sewt/ mEmDS
Vé /DC/ﬁ'rn W/?% / W ﬁ/&f'fd.?/m mz%me}
6’@’& ///// /CZ[/%’MM ,_SZ/Z@(-/‘Z‘QM,;g/L

Wm/ ’our Ve rsS i o/l//(‘ Wr)é éﬁj was ;407&

on E vérvaoa/gﬁ/)é A{fe'dm.fe / was m/t’ows@/
('”'MM%C‘ %eré

VA eyl f/e
“ﬁjj e s ./J/W/ Gt i o
Y .. el : %




1
=
A

A
4

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (202) 962_]‘155
WASHINGTON,D.C. 20546 TELS:  (202) 963-6925

FOR RELEASE:  synpay _
. g July 5, 1970

RELEASE NO: 70- 112 W

/0 ' ALSO RELEASED AT JPL

-MARINER-VENUS '73 FLIGHT GENESIS

The United States' first multi-planet flight—-— .
the 1973 Mariner Venus-Mercury project--first took shape
nearly a decéde ago in the computations of a spécecraft_
trajectory analyst at the National Aeronautics and Space

Administration's Jet Propulsion Laboratory, Pasadena, Calif.

The pioneer pathfinding trajectory studies of Victor
C. Clarke, Jr., a senior JPL engineer, were recalled this

week as he received a 1970 award from the Gravity Research

Foundation of New Boston, N.H.

Clarke, mission analysis ang engineering manager for
the 1973 project, wrote a prize-winning essay on "The Applica-
tion and Principle of Gravity-Assist Trajectories for Space
Flight." He first demonstrated in 1961 the possibility of

bouncing a spacecraft from planet to planet.

-more- | 171478



Sy .
The Mariner Venus-Mercury flight will be the first
to use this so-called interplaﬂetary billiard technique.

Other multiple-ﬁlanet missions--the Grand Tours of the outer

blanets--have been proposed for the late 1970s.

The use of a planet's gravitational field to change
Spacecraft Speed'and direction can significantly shorten
. flight times or make long misslons feasible with present

launch rockets. .

The V-M Mafiner will be launched in October or
November, 1973,.and arrive within 3,300 miles of Venus in
February 1974. The closest approach point will be carefully
'selected by JPL guidance controllers so that the Venusian
_gravity field will sharply bend the path of the spacecraft and
changélits velocity.l0,000 miles—ber—hour on toward Mercury.

It will arrive there inllate March.

To send the same spacecraft directly to Mercury,
Clarke points cut, would require a launch vehicle with more
than twice the boost capabllity of the planned Atlas-Centaur

vehicle.

Clarke, an engineef-scientist at JPL for 12 years,
worked extensively in 1960 and 1561 on computing trajectories
from Earth to Venus, Mars, Mercury and Jupiter., . Jupiter is

the pivotal planet for Grand Tour flights.

-more-—
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Tentaﬁively, JPL has proposed that a 1977 unmanned
mission to‘Jupiter, Saturn and Pluto be followed by a 1979
mission to Jupiter, Uranus and Neptune. The tfip to the
outermost planets, normally a 30-year venture, would be cut

to nine years. -

Clarke found that during several days of each launcin
opportunity Venus, Mars, Mercury and Jupiter can be approaqhed
so that the arrival energy of the_spacec:aft equals the energy
which would be required to launch it to the next planet (in
or out) in the solar system. He calls this desideratum an
"energy match." The 1974 energy match at Venus occurs from

Feb. 3 to 7.

And to get the proper bend toward Mercury, the Space-
craft must pass within 3,300 milgs, but no closer than 2,500
' miles,.of Venus. "A one-mile miss at Venus could mean a 1,000-
mile miss at Mercury," says Clarke. Controllers_will have a
" post-Venus course correction capability, however, to b:iﬁg

the spacecraft to within 625 miles of Mercury.

The project plans to take the first close-in television
pictures of both Venus and Mercury, in addition to measuring
atmospheric constituents, surface temperature, magnetic fields,

Planetary and cosmic radiation.

-more-



