
the remanent values of its constituents. 
The mass of Mars is 0.107 that of the 
earth, its mean density is 3.95 g cm-3 
(0.71 that of the earth and 1.18 that 
of the moon), and its radius is 0.536 
that of the earth and 1.97 that of the 
moon (17). But since the period of 
rotation of Mars, 24.62 hours, is nearly 
the same as that of the earth, it appears 
that its vastly weaker magnetic moment 
must be attributed to such a markedly 
different internal structure or composi- 
tion, or both, that it does not possess 
a liquid, electrically conducting core. 

Some years ago Blackett (18) wrote 
as follows: "It has been known for a 
long time, particularly from the work 
of Schuster, Sutherland and H. A. 
Wilson, though lately little regarded, 
that the magnetic moment P and the 
angular momentum U of the earth and 
sun are nearly proportional, and that 
the constant of proportionality is nearly 
the square root of the gravitational 
constant G divided by the velocity of 
light c. We can write, in fact, 

P= G- U, (4) 

where /8 is a constant of the order of 
unity." 

He (18, 19) considered available 
evidence on the angular momenta and 
magnetic moments of the earth, of the 
sun, and of five stars and was led to 
the following: ". . . It is suggested ten- 
tatively that the balance of evidence 
is that the above equation represents 
some new and fundamental property 
of rotating matter. Perhaps this rela- 
tion will provide the long-sought con- 
nexion between electromagnetic and 
gravitational phenomena." 

Blackett's hypothesis has continued 
to be of interest, despite the fact that 
it has not gained general acceptance. 
The present experiment on the mag- 
netic moment of Mars provides, per- 
haps, the first conclusive test of the 
hypothesis: 

The ratio of the angular momentum 
of 'Mars to that of the earth is ~0.03 
and by Blackett's Eq. 4 (18) this is 
also the predicted ratio of MM/ME, a 
value which is some 30 times larger 
than the upper limit which we have 
inferred from the observational evi- 
dence. 
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Search for Trapped Electrons and a Magnetic Moment at 
Mars by Mariner IV 

Abstract. The Mariner IV spacecraft on 14-15 July 1965 passed within 9850 
kilometers of Mars, carrying a solid-state charged-particle telescope which could 
detect electrons greater than 40 kiloelectron volts and protons greater than 1 mil- 
lion electron volts. The trajectory could have passed through a bow shock, a 
transition region, and a magnetospheric boundary where particles could be stably 
trapped for a wide range of Martian magnetic moments. No evidence of charged- 
particle radiation was found in any of these regions. In view of these results,, an 
upper limit is established for the Martian magnetic moment provided it is assumed 
that the same physical processes leading to acceleration and trapping of electrons 
in Earth's magnetic field would be found in a Martian magnetic field. On this 
basis, the upper limit for the Martian magnetic moment is 0.1 percent that of 
Earth for a wide range of postulated orientations with respect to the rotational 
axis of Mars. The implications of these results for the physical and biological 
environment of Mars are briefly discussed. 
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Whether Mars has a general mag- 
netic field-and consequently trapped 
radiation-is relevant to understand- 
ing the origin and evolution of Mars. 
Prior to this time there were no mea- 
surements of the magnetic fields or 
charged-particle radiation in the vicinity 
of the planet; hence any experiments 
which could detect a planetary field or 
charged-particle radiation are of intense 
physical and biological interest. The first 
opportunity to approach Mars came 
on 14-15 July 1965 when the Mariner 
IV spacecraft passed within 9850 km of 
the planetary surface. Two kinds of 
measurements were made which bear 
on the presence of planetary magnetic 
fields: namely, magnetometer observa- 
tions (1) and charged-particle radia- 
tions of which we report here measure- 
ments from the University of Chicago 
instrument on the space probe. 
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To understand the relevance of 
charged-particle radiation to the exist- 
ence of a planetary magnetic field we 
recall that the general field of Earth 
traps charged particles in radiation 
belts extending to the outer boundary 
between the geomagnetic field and the 
solar wind. Evidence now appears to 
be conclusive that, given these condi- 
tions, a planetary magnetic field will also 
lead to the buildup of locally accelerated 
particles within the magnetic field 
and that this trapped radiation will 
be present continuously, although the 
flux is highly variable in time. In ad- 
dition, the supersonic solar wind and 
the interplanetary magnetic field which 
it contains interact with the magneto- 
sphere to produce a bow shock at a 
characteristic stand-off distance be- 
yond the magnetosphere (Fig. 1) (2). 
Associated with the bow shock are 
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bursts of electron fluxes found near the 
shock and beyond (Fig. 1, region 3) 
(3). Similar electron bursts are more 
densely distributed between the shock 
and the magnetospheric boundary (Fig. 
1, region 2) (4). The trapped radiation 
distributed within the magnetospheric 
boundary constitutes a third electron 
region (Fig. 1, region 1). In what 
follows we assume that the same physi- 
cal processes leading to acceleration 
and trapping of electrons in Earth's 
magnetic field would exist for any 
Martian dipole field. Thus there are 
three types of radiation "signatures," 
which could reveal the presence of a 
Martian magnetic field. Their relative 

locations would provide information 
on the magnitude of the Martian mag- 
netic dipole moment. 

We now report on a search for these 
three radiation signatures due to elec- 
trons greater than 40 kev-an energy 
range most likely, by analogy with 
Earth, to provide a sensitive test. The 
trajectory of Mariner IV provided a 
wide coverage of the possible charged- 
particle configurations around the 
planet. We find that there is no evi- 
dence for (i) a trapped radiation belt 
containing electrons greater than 40 
kev energy, including electrons in the 
Mev energy range; (ii) electrons as- 
sociated with a transition region be- 
tween a bow shock and a magneto- 
sphere; and (iii) electron spikes at a 
bow shock or at greater distances. 

Normally, a planet with even a 
slight magnetic field might produce a 
wake extending in the antisolar direc- 
tion from which some particle radia- 
tion might be expected to escape. The 
Mariner IV spacecraft did not pass 
through a possible Martian wake, but 
it did pass closely enough to have 
detected any substantial escape of 
electrons had such a wake existed. No 
effect was found. 

If we introduce the simplifying as- 
sumption that the Martian magnetic 
field would be a dipole field, probably 
oriented in the direction of the spin 
axis of the planet, then we reach the 
following conclusions based on our 
observations: 

1) There could not be a Martian 
dipole magnetic moment greater than 

Fig. I (left). Relative location of electrons inside the magneto- 
spheric boundary of Earth (1), the transition region (2), and 
outside the bow shock (3). The solar wind carries an interplane- 
tary magnetic field of about 5 X 10-5 gauss. 

Fig. 2 (below left). Cross-sectional view of charged-particle tele- 
scope. The main cone for particle acceptance is in the antisolar 
direction. 

Fig. 3 (below). Calibrated response of the Di detector system 
for electrons. These curves are derived from laboratory measure- 
ments and take into account the aluminized-mylar window. 
The number of electrons required by pile-up to produce a 
count is given by the slope. 
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2 X 10-3M, where ME is the present 
magnetic moment of Earth. 

2) Since none of the three radia- 
tion signatures was observed it is very 
probable that the Martian dipole mo- 
ment is substantially less than 10-3ME. 

These results have important implica- 
tions for the physical and biological 
environment of Mars. For example, 
owing to the tenuous nature of the 
Martian atmosphere, as determined by 
the occultation experiment on board 
Mariner IV (5), the primary cosmic- 
ray flux reaches the entire surface 
of Mars; the generation of secondary 
particles through nuclear interactions 
takes place almost entirely below the 
surface of the solid planet. 

The charged-particle telescope was 
designed to investigate charged-particle 
radiation in interplanetary space be- 
tween the orbits of Earth and Mars 
and in the vicinity of Mars. The in- 
terplanetary experiments measured so- 
lar modulation of galactic proton and 
helium energy spectra and fluxes in 
the energy range 1 to 170 Mev per 
nucleon. Protons and helium nuclei 
from several solar flares, and 27-day 
recurring proton fluxes were studied. 
The instrument operated stably 
throughout the 228 days from launch 
to encounter with Mars and provided 
nearly continuous information over 
the entire period. 

The following description of the -in- 
strument is limited to those charac- 
teristics of interest for the detection of 
charged particles near Mars. The tele- 
scope consists of three gold-silicon, sur- 
face-barrier detectors with aluminum 
and platinum absorbers as shown in 
the cross-sectional view of Fig. 2. The 
circular detectors, D1 and D2, have sur- 
face areas of 2.4 cm2. The area of 
detector D3 is 5 cm2. Each detector 
has a silicon thickness of 500 /, in- 
cluding a depletion depth (sensitive re- 
gion) of 200 pj. Detectors D1 and D2 
define an acceptance-cone angle of 40? 
for arriving charged particles. The ge- 
ometrical factor for the arrival of low- 
energy particles at detector DI is 
4 cm2 sterad as 'determined by the 
geometry of the temperature control 
fin. 

The axis of the acceptance-cone 
angle for charged particles is aligned 
with respect to the spacecraft so that 
it is always pointing away from the 
sun. The counting rates of charged 
particles fall into three intervals of 
particle energy. These energy intervals 
are determined by coincidence tech- 
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niques. For example, particles which 
initiate pulses in D1 but not in D2 are 
designated D1D2 events (including pro- 
tons of 1 to - 15 Mev and electrons 

with energies as described below); 
particles which trigger both detectors 
D1 and D2 but not D3 are designated 
D,DoD3 events; and so on. The number 
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Fig. 7. Sensitivity for detection of Martian magnetic moment during encounter: 
MM, Martian magnetic moment; ME, Earth magnetic moment. On 15 July 1965 the 
arrival of the solar wind is 15? north of the Martian equator. 

of events recorded in each of the three 
particle-range channels is read out 
periodically by the spacecraft data and 
telemetry systems. In addition, a 128- 
channel pulse-height analyzer in the 
instrument determines the pulse height 
in detector DI for the two higher parti- 
cle-range intervals. The unique sepa- 
ration of protons from helium nuclei 
by this "energy loss and range" tech- 
nique will not be described here. The 
complete instrument weighs 1.2 kg 
and requires 0.6 watt of power. The 
average information-bit rate for this 
experiment is 0.4 bit/sec. At periodic 
intervals the instrument is switched 
into a "calibrate" mode in order to 
check the performance of individual 
detectors. 

Electrons are detected by the D1 de- 
tector and the D1D2 detectors in co- 
incidence. The aluminized-mylar win- 
dow in front of the telescope estab- 
lished a low-energy limit of 40 kev for 
electron penetration. Above ~210 
kev and up to several Mev energy, 
individual electrons are detected by D1 
with an efficiency exceeding 0.2. Be- 
low 210 kev electrons will be detected 
if the flux is high enough so that more 
than one electron arrives at the de- 
tector within the resolving time of the 
detector system. For electrons below 
-100 kev we must also take into 
account both the energy dependence 
of electron transmission through the 
window (6), and the r.m.s. (root mean 
square) noise level of about 30 kev 
for the detector system. The response 
of a similar D1 detector on the IMP I 
satellite to electrons in the vicinity of 
Earth's bow shock has been investi- 
gated (3) and a detailed investigation 
confirmed by laboratory electron ac- 
celerator studies is in preparation (7). 
The Mariner IV detector D1 was iden- 
tical with the IMP I detector except 
for its cross-sectional area and in- 
creased window thickness. In Fig. 3 
we show the response curves calcu- 
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lated for the Mariner IV detector from 
the measured IMP I response. 

As an example of the response of 
D1D2 and DID2D3 detector systems for 
electrons trapped within the geomag- 
netic field, we have obtained the data 
from the passage of Mariner IV 
through the geomagnetic field after 
launch on 28 November 1964. The 
trajectory projected in the plane of the 
ecliptic is shown in Fig. 4 where, by 
comparison with Fig. 1, we see that 
the trajectory passed the magneto- 
spheric boundary at about 120? with 
respect to the Sun-Earth line and 
passed through the "dawn" side of 
the transition region behind Earth's 
bow shock. The electron data for the 
D1D2 and D1D2D3 counting rate chan- 
nels are shown in Fig. 5, not corrected 
for absolute flux levels. The instrument 
reaches saturation in the center of the 
outer Van Allen belt which extends 
(Fig. 5) out to approximately 10 RE 
(units of Earth radii), but at greater 
distances the spatial and temporal 
structure of electron fluxes becomes 
clear. Typical electron "spikes" are 
observed in the transition region out 
to about 28 RE. We note that on sev- 
eral occasions the counting rate be- 
tween electron spikes in the transition 
region dropped to the interplanetary 
level in agreement with observations 
on IMP 1 (3). 

With the knowledge of both the elec- 
tron response of the telescope and the 
trajectory of the spacecraft relative to 
the planet Mars, we next explore the 
expected locations of characteristic 
electron signatures at Mars for a range 
of assumptions regarding the magnetic 
moment of Mars. 

Models for Magnetic Fields and Par- 
ticle Distributions. Not knowing the 
strength or orientation of a possible 
magnetic moment for Mars our objec- 
tive is to examine the penetration of the 
Mariner IV trajectory into a wide range 
of possible model fields. In the discus- 
sion which follows we assume a mag- 
netic dipole moment MM located at 
the center of Mars. Our first task is 
to find the dipole lines of force which 
intersect the position of our detector 
as it passes through the assumed field. 
The identification of the lines of force 
on which a group of particles is mov- 
ing is most conveniently specified 
(8) by a parameter L which, for a 
pure dipole, is equivalent to the equa- 
torial radial distance Ro from the di- 
pole to the line of force on which 
the measurement is being made. For 
example, if the Mariner IV trajectory 
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was confined to the equatorial plane 
of the dipole, the spacecraft range and 
the L-value for the magnetic line of 
force intersecting the spacecraft would 
be identical. However, since the space- 
craft trajectory does not lie in the 
equatorial plane, the spacecraft range 
and the L-values are different. Elec- 
trons are most stably trapped in re- 
gions of small L-value. Clearly the 
minimum L-values reached during the 
traversal of Mars provide the most 
sensitive test for trapped radiation. In 
general this does not turn out to be 
the point of closest approach to the 
planet. The spacecraft trajectory passes 
from +10? to -68? magnetic latitude 
in its traversal of Mars. For the 
case M I1 I )M where '0M is the spin 
axis vector for Mars, the equatorial 
equivalent range of lines of force in- 
tersecting the spacecraft as a function 
of spacecraft time (9) is shown by 
the dashed line in Fig. 6, if there is 
no compression by the solar wind (10). 
In Fig. 6 the minimum L-values occur 
near 0020 hour and 0200 hour, space- 
craft time. To approximate the "worst 

n 

Fig. 9. a, 22 hours of data centered on 
time of closest approach to Mars; b, 24 
hours of interplanetary data before "cali- 
brate." 
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case" we have tilted MM by 40? in 
the plane which includes wM and the 
spacecraft at 0110 hour, as repre- 
sented by the dotted line for L 
(skew) in Fig. 6. 

If now we introduce the solar-wind 
compression of the magnetic field on 
the sunward side as shown in Fig. 1 
for Earth, the lines of force become 
distorted. This has the effect of lower- 
ing the second lobes of the L-value 
curves relative to the first lobes as in- 
dicated by the arrow in Fig. 6. Ap- 
proximate solutions are not yet avail- 
able for L-values from a compressed 
dipole field of arbitrary orientation 
with respect to the solar wind. The 
above considerations are independent 
of the value of MM. 

Studies of the Earth's magnetosphere 
have shown that the location of the 
magnetospheric boundary is de- 
termined by a balance between the 
solar-wind pressure and that of the 
magnetic field; theoretical treatments 
for the cases of M perpendicular (11) 
and parallel (12) to the solar wind 
have served as a basis for our discus- 
sion. We extrapolated the measured 
density of the solar wind at Earth to 
Mars using the fact that it varies as 
the inverse square of the distance from 
the Sun. Furthermore the magneto- 
spheric radius scales as the -1/6 power 
of the solar wind pressure. Thus if we 
call Rmag-M and Rmag-E the radial 
distance of the magnetospheric bound- 
ary at Mars and Earth respectively we 
obtain the approximate scaling law 

Rmag-M =1.16 \M ) Rmag-I 

In the following discussion we let 
U =- M/ME. With the given trajectory 
for Mariner IV we then obtain t~ as 
an implicit function of the time at 
which Mariner IV crosses a Martian 
magnetospheric boundary over the 
range u = 10? to 10-3 as shown in 
Fig. 7 for MM [ IAM. For small values 
of tA the magnetic latitude of incidence 
for the solar wind becomes important. 
This angle was 15? on 15 July 1965, 
and it lowers by a factor of 2 the 
detection range of MM by Mariner IV. 

From Fig. 7 and the lowering of 
the second lobe in Fig. 6, we conclude 
tha,t the most sensi,tive time interval 
for the detection of trapped radiation 
along the Mariner IV trajectory lies 
between about 0140 hour and occulta- 
tion. 

The distance of the bow shock 
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Rb from the dipole is estimated in 
analogy with the observed conditions 
at Earth. If we take Rmag-M along the 
Sun-Mars line, we assume R, =- 

KRmag_M, with K 1.3 for the shock 
stand-off distance. Figure 7 gives /u as 
a function of the time of passage 
through the shock. The results are un- 
certain for very small values of It 
as shown by the dashed extension of 
the bow-shock curve. 

We now apply the above considera- 
tions to the search for trapped radia- 
tion by making the assumption that 
the fundamental mechanism for par- 
ticle acceleration and trapping ob- 
served in the earth's magnetosphere 
will scale down continuously over a 
reduction of more than 103 in equiva- 
lent magnetic moment. We note that 
before and during the measurements 
at Mars the interplanetary conditions 
were generally quiescent (13) with no 
significant magnetic storms which 
could have "dumped" the radiation 
which might be present. Therefore, the 
particle energy density U in the mag- 
netic field B at Mars would be ex- 
pected to rise to a value U = 
A(B2/87r), where A is less than 0.1 
for electron erergies more than 40 kev. 

The boundary of the magnetosphere 
is determined by the balance of mag- 
netic-field pressure and the solar-wind 
pressure: when the Sun-Mars-probe 
angle is large this field strength may 
lie in the range 20 to 80 X 10-5 gauss. 
Thus, inside but near the boundary 
we expect the omnidirectional electron 
flux to be of the order 104 to 105 
electrons per square centimeter (for 
example, see the IMP I measurements 
with a detector similar to DI, ref. 7). 
Assuming an integral spectrum propor- 
tional to E-3 i(E = kinetic energy) and 
the response of D1 given by Fig. 3, 
we calculate that the expected count- 
ing rates for DI will be of the order 
50 count/sec over the entire range of 
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/x in Fig 7 at the boundary. By as- 
suming a spectrum proportional to 
E-2 from the recent observations 
of Frank (14), our D1 counting 
rate would be approximately 2000 
count/sec. Substantial penetration in- 
side the boundary to the minimum 
L-values for a given Ix will fur- 
ther increase the flux levels by at 
least an order of magnitude. The above 
estimates take into account the fact 
that the traversal of minimum L-values 
for the magnetic field occurs at -50? 
to -30? magnetic latitude. 

Since an increase of 0.7 count/sec 
could be detected in D1 with 99-per- 
cent confidence when averaged over a 
single period of 16.7 minutes (equal 
to ten successive readouts of the 
telemetry word) we see that any cross- 
ing of a magnetospheric boundary 

would be detected. Additional flux en- 
hancements would be observed inside 
the magnetosphere. 

Observations at Mars. The DI count- 
ing rate was averaged for succes- 
sive 16.7-minute intervals within which 
there were ten samples of ap- 
proximately 0.3 minutes each. These 
data are presented in spacecraft 
time sequence in Fig. 8. It is apparent 
that the counting rate increased slight- 
ly and began fluctuating at about 1500 
hour, 1.7 X 105 km away from the 
planet. The available evidence at 
present is against this increase in 
counting rate being associated with 
the planet. First, several small proton 
events have been observed by the 
charged-particle telescope in inter- 
planetary space, especially within the 
2-month period preceding encounter 
with Mars. Second, there seems to 
be no reasonable way in which this 
radiation could be associated with 
the planet, extend out to 1.7 X 105 
km, and continue at roughly the same 
level until the end of transmission at 
1148 hour on 15 July. For these rea- 
sons we assign a solar or interplanetary 
origin to this proton flux. 

In Fig. 9 we compare the frequency 
of r.m.s. deviations about the means 
for (a) the Mars encounter period and 
(b) the interplanetary medium. There 
are no statistically significant differ- 
ences in these distributions. These 
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Fig. 10. Secondary production of ionization and fast neutrons from the integral primary 
cosmic-ray flux incident on the Martian atmosphere. The transition maximum is 
underground. 
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Some Planetary and Orbital Characteristics of Mars* 

Mean distance from Sun 227.94 X O06km 
Inclination of orbit from ecliptic plane 1 0 51' 
Inclination of equator from orbital plane 23? 59' 
Eccentricity of orbit 0.093 
Period of revolution about Sun 686.98 days 
Period of rotation about axis 24 hours, 37 minutes 
Equatorial radius 3380 km (0.53 times 

Earth radius) 
Mass 0.108 times mass of Earth 
Mean density 3.97 gm/cm3 
Surface acceleration due to gravity 376 gm/sec2 

* All values are from C. W. Allen, Astrophysical Quantities (Athlone Press, London, ed. 2, 1963). 



curves are similar to other interplane- 
tary distributions studied in earlier 
months. We conclude with 99-percent 
confidence that no increase in counting 
rate greater than or equal to 1 count/ 
sec was observed which could be as- 
sociated with Mars. In view of the ex- 
pected counting rates for a signature 
arising from a magnetospheric particle 
flux discussed above we conclude that 
the absence of this signature alone es- 
tablishes an upper limit of t~ 2 X 
10-3. 

A similar investigation of the 
D1D2D3 counting rate and the pulse- 
height distribution of analyzed events 
also revealed no additional particles as- 
sociated with the planet. 

Turning our attention to the transi- 
tion region, we recall that multi- 
ple electron spikes are expected, simi- 
lar to the case at Earth in Fig. 5 for 
R > 13RE. For small values of pt, the 
shock and transition regions would be 
entered by Mariner IV towards the 
"evening side." It has been found (15) 
that there are fewer electron spikes 
in the transition region on the evening 
side than on the dawn side. There 
is approximately a 20-percent prob- 
ability of seeing a single electron 
spike; if there are about ten of them, 
a substantial increase of intensity 
should have been observed with a 
probability of about 90 percent. No 
increase was observed. 

Finally, if a bow shock existed, due 
to the presence of a magnetosphere, 
electron spikes will be found frequently 
beyond the shock (3). For this case 
the probability of our observing parti- 
cles is about 50 percent. No radiation 
was detected. 

From the above discussion we find 
that the upper limit of /t may be fur- 
ther reduced to -: 10-3. Since the 
location of a magnetospheric boundary 
is not strongly dependent on the orien- 
tation of MM, we believe this result 
applies to almost all orientations of 
MIM. 

Mariner IV passed outside of, but 
near, any planetary wake which might 
have existed. However, if such a wake 
existed, particles might escape to the 
nearby planetary medium. We ob- 
served no evidence of additional parti- 
cles. 

We have searched and found no evi- 
dence for charged-particle radiation as- 
sociated with Mars. In view of the 
close approach of the Mariner IV tra- 
jectory to Mars, we are able to set 
an upper limit to its magnetic mo- 
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ment provided we assume that the 
same physical processes leading to ac- 
celeration and trapping of electrons in 
Earth's magnetic field would be found 
in a Martian magnetic field. We find 
that the magnetic moment of Mars 
is less than 10-3 that of Earth for 
a wide range of postulated orientations 
with respect to the rotation axis of 
Mars. 

These conclusions lead to several im- 
plications bearing on the probable 
physical and biological conditions on 
the planet, some of which are: 

1) The full intensity of cosmic radi- 
ation and solar flare protons in the 
vicinity of Mars will reach the top of 
the Martian atmosphere over the entire 
planet. Since observations by Mariner 
IV have shown (5) that this atmosphere 
is only about 10 g/ cm2, virtually the 
entire secondary production of particles 
from high-energy interactions takes 
place below the surface of Mars in- 
stead of in the atmosphere as at Earth. 
In Fig. 10 we have estimated the dis- 
tribution of ionization (left-hand ordi- 
nate) and fast neutrons (right-hand 
ordinate) from the cosmic radiation 
using data obtained from measurements 
at Earth (16) and assuming that the 
surface density of the planet is its mean 
density, 3.97 g/cm3. Solar-flare protons 
in excess of 100-Mev energy will also 
penetrate to the surface. It is important 
to note that a large fraction of the en- 
ergy from cosmic ray interactions goes 
into 7r-meson production. Since these 
7r-mesons are produced in the solid 
planet they will interact with nuclei 
below the Martian surface, instead of 
decaying to ,-mesons as they would in 
Earth's atmosphere. Consequently, 
secondary neutron and proton produc- 
tion in the solid planet considerably 
exceeds the production found at Earth. 
Thus, the production of radioactive 
and stable isotopes will be concentrated 
under the Martian surface. Since the 
density of Moon is 3.34 g/cm3 we 
might expect that the secondary 
neutron flux escaping from Mars and 
Moon would be comparable. 

2) It may be argued that a negligi- 
ble magnetic moment for Mars means 
that it has no liquid iron-nickel core 
within which circulating current sys- 
tems could be established. This may 
be correct, but it is not certain, since 
there are a variety of ways-suggested 
by studies of paleomagnetism-in 
which the internal motions may be 
slow and changing in character. How- 
ever, the interior planetary conditions 
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are not likely to be similar to Earth's. 
3) If, in fact, a general Martian 

magnetic field is nonexistent the solar- 
wind protons are continually interact- 
ing with the Martian atmosphere. It 
is not yet clear from the competing 
effects of capture processes and es- 
cape of molecules through collisions 
whether or not the atmosphere has a 
lifetime comparable to the age of the 
planet. Perhaps Mars will have a "tail" 
of streaming molecules and ions whose 
origin is the Martian atmosphere. 

J. J. O'GALLAGHER 
J. A. SIMPSON 

Enrico Fermi Institute for Nuclear 
Studies and Department of Physics, 
University of Chicago, Chicago, Illinois 
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