Mariner IV, launched on November 28, IS
man's most ambitious and, perhaps, most rewar
in; effort at space exploration to date. It provi
the scientific community with exciting new in
mation about Mars, and confirmed andrefined earlier measurements made from Earth; it also demonstrated that modem engineeiing was able to design
and build a complex system capable of operating

r . Other experiments
provided measurements ot the atmospheric condis, magnetic field phenomena, and cosmic dust.
n addition to providing- scientific data, Mariner
set deep-space endurance and long-distance communication recoids. Caltech's let Pronulsion Laboratory continued to receive telemetry data until
October 1, 1965, when the Earth left the range

ied for many years, and the engineering lessons will
be used in future space probes.
Mariner's task was to perform eight experiments
-six of them continuously during the flight, and
two (television and occultation) at the time of encounter. That six (including the two at encounter)
weie successful more than 130 million miles from
Earth is indeed remarkable and gratifying. The most
spectacular was, of course, the television experiment, which returned 22 pictures that covered

rectional antenna which will permit the Earth to
receive the carrier signal through the 210-foot antenna currently under construction at the Goldstone
Tracking Station. Tracking data received will permit corrections to basic measurements of the relative positions of Earth and the other planets, to the
benefit of future space navigation. The Earth will be
within range of Mariner's high-gain antenna again
in September of 1967, at which time an attempt will
be made to re-establish contact with the spacecraft.
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TELEVISION EXPERIMENT
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MARINER
MEN

Bill Collier, assistant Mariner Project manager; Dan Schneidermn;
John Casani, spacecraft system
manager; and W , H . Ptckertng.

Television
experiment investigators - Dick Sloan ( ' U S
.16,
,- ,
PbD '64). senior scientist a1 JPL;and Brncc l l / ~ i r r ( ~ ~ / .

OCCULTATION EXPERIMENT
As the path of the radio signal from Mariner intersected with the Martian atmosphere (just before disappearing behind Mars for 54 minutes ), the
signal's frequency, phase, and amplitude changed.
Comparison of the changes with the precisely
known parameters of the signal in free space permitted determination of some properties of the
atmosphere through which the signal was passing.
Previous observations from Earth suggested that
Mars had a low atmospheric surface pressure, somewhere in the range from 20 to 75 millibars (as opposed to about 1000 millibars at the surface of
the Earth). Mariner showed that the pressure was
about 5 millibars, equivalent to the Earth's atmosphere at about 150,000 feet.
The other important fact gleaned from this experiment was that the atmosphere of Mars probably
consists almost entirely of carbon dioxide, based on
a combination of Earth and Mariner measurements.
The obvious implication of the thin atmosphere
in terms of future exploration is to make it difficult to achieve a soft landing on the surface without using braking rockets (which could alter the
very surface features that the vehicle is being sent
to investigate). The air, because it is so thin, is quite
cold (about -10O0C),which explains the extreme
dryness of the Martian atmosphere as previously
measured from Earth.
MAGNETIC PARTICLE EXPERIMENTS

Trapped electrons and a magnetic moment
Just as high-energy charged particles are trapped
in the Earth's upper atmosphere by action of the
magnetic field, it was reasoned that a Martian magnetic field would have a similar effect. The trajectory of Mariner passed through regions that would
have exhibited three types of characteristic radiation caused by charged particles : bow shock ( characteristic of the interaction of the solar wind and
the planetary magnetosphere ) , a transition region,
and a magnetospheric boundary - all of which
could trap particles for a wide range of Martian
magnetic moments. No particles were detected in
any of the regions. If it is assumed that the same
physical processes leading to acceleration and trapping of electrons in the Earth's magnetic field would
be found in a Martian magnetic field, then an upper
limit on the magnetic moment of Mars can be set
at
that of the Earth.
Search for radiation belts
While there is no quantitative theory of the origin
of a planet's radiation belts, it is believed that if the
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planet is magnetized strongly enough and exposed
to the solar wind, belts will exist. Therefore, the
failure to detect a radiation belt around Mars
would seem to indicate a negligible magnetic field;
from this experiment it was concluded that the
magnetic field of Mars is less than l o 3that of the
Earth.

Magnetic field measurements

It was assumed that the interaction of the solar
wind and a Martian magnetic field would produce
effects geometrically similar to those observed near
*the Earth, but with a scale determined by the magnitude of the dipole moment of Mars. Failure to detect a magnetic field implies an upper limit on the
value of the Martian magnetic field of between
3x
and
that of the Earth.
On the basis of the most widely accepted theory
of planetary magnetism, which says that a planet
must be endowed with both rotation and a liquid,
electrically conducting core, it appears that Mars
must lack the fluid core. This may be a reflection
of Mars' mass, which is only about 11percent that
of the Earth.
The absence of a magnetic field allows the solar
wind to have a direct interaction with the Martian
atmosphere, which very likely has an effect on its
physical state. The energy and momentum fluxes
are large enough that if they interact with moderate
efficiencywith the Martian atmosphere at the level
where ion pressure balances the stagnation pressure
of the solar wind, they will remove atmosphere at
a rate that is significant in any treatment of its
evolution. It is not clear if the present Martian atmosphere has a lifetime comparable to the age of
the planet. The absence of high-altitude charged
particles means that cosmic radiation and solar-flare
protons will reach the top of the Martian atmosphere with their full intensity. Because the atmosphere is so thin, the particles interact with the
ground surface, and the entire secondary production of particles from high-energy interactions takes
place below the Martian surface.
The success of the Mariner project paves the way
for future, perhaps even more spectacular, lunar and
planetary exploration. Surveyor, an unmanned but
very active outpost to be landed on the Moon, is
near completion under JPL's direction, and may
have its first test flight late this year. Another project, whose debt to Mariner is incalculable, is JPL's
Voyager, which will land an instrument package
on Mars sometime near the end of this decade. Voyager will be designed to answer the big question:
Does life in some form exist on Mars?

