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A wide range of microbial investigations 
can now be made with bench-top con- 
venience in the MicroFerm, a compact 
research fermentor. In the quiet of your 
own laboratory, you can conduct realistic 
pilot studies while temperature, agitation, 
and aeration are carefully controlled. 
?0.25?C TEMPERATURE CONTROL 
To conserve space and achieve more effi- 
cient temperature regulation, the conven- 
tional water bath has been eliminated. A 
new design permits tempered water to flow 

A wide range of microbial investigations 
can now be made with bench-top con- 
venience in the MicroFerm, a compact 
research fermentor. In the quiet of your 
own laboratory, you can conduct realistic 
pilot studies while temperature, agitation, 
and aeration are carefully controlled. 
?0.25?C TEMPERATURE CONTROL 
To conserve space and achieve more effi- 
cient temperature regulation, the conven- 
tional water bath has been eliminated. A 
new design permits tempered water to flow 

through hollow baffles* in the fermentor 
from an integral recirculating system. Tem- 
perature is adjustable from 5?C above 
water-supply temperature to 60?C, by 
means of a Thermistor controller. 
Cultures can be irradiated with fluorescent 
or neon illumination from a Photosynthetic 
Light Manifold. 
Accommodates 4 interchangeable fermen- 
tors: 2, 5, 71/2 or 14 liters. Easy to remove. 
Designed for repeated sterilization in a 
20" autoclave. 

*Patent Pending 
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Casework 

With A 

Future 
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Casework quality cannot be measured solely on the gauge of steel 
used to construct the cabinets. Structural strength is determined by 
the form, not gauge of the sheet steel. Quality is also workmanship, 
skill in welding, proper grinding, painting - and in general the manner 
in which the equipment is crafted - to give it a future. 

Coved inside front corner posts for added strength, hat section 
stiffeners along shelves for heavy loads, welded inverted pan stiffeners 
on floor and wall cases for rigidity, full height internal channel stiffeners 
in doors, 1/2" shelf adjustment on applied pilasters in lieu of perforated 
louvers in the corner post, nylon drawer rollers with ball bearings 
rather than just nylon rollers - these are some of the quality features 
that make Moduline laboratory furniture structurally superior and new 
looking year after year under constant heavy usage. 

The list can go on and on - modular design provides for future 
modification and arrangement and simplifies installation. Walk-in fume 
hoods, illuminated titration tables, distillation racks, lazy susans - 

formerly custom built pieces - are now part of the standard line. 
Look to Moduline for advanced ideas in laboratory 

furniture - better built to give it a future. 
For details see your Aloe Scientific representative or write 

Aloe Scientific, 1831 Olive Street, St. Louis 3, Mo. 
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Photographs courtesy of the companies named below each picture 

All of the companies who contributed 
the pictures on these pages have one 
thing in common. Whether theirs is 
the business of pharmaceuticals, indus- 
trial chemicals, or finished industrial 
products, you will find S&S Analytical 
Filter Paper in their laboratory. 
S&S has consistently set the highest 
standards in the industry as to purity- 
less than 0.007% ash per circle or sheet 
for quantitative grades. But more than 
that, S&S maintains its rigid physical 
and chemical standards lot after lot, box 
after box. If after actual analysis in our 
quality control laboratories any batch 
does not measure up, it is rejected. 

In response to widespread demand for 
economical papers, of pure cotton fibers 
having the characteristics described be- 
low, S&S announces 2 new qualitative 
filter paper grades. 

591 A Basic paper for general filtration. 
Circles, sheets. 

591 C Specially selected for chromatog- 
raphy. Medium absorption. Sheets 
and strips. 

593 A Thick. Medium filtration-increased 
retention. Circles, sheets. 

593 C Thick. Specially selected for chroma- 
tography. Sheets and strips. 
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S&S Membrane Filters First membrane fil- 
ters sold in the United States. Pure cellu- 
lose or cellulose derivatives, extremely 

uniform micropore structure, very smooth 
surface. Pore sizes of the different types 
range from 5 millimicrons to 10 microns. 
S&S offers the bacteriologist and micro- 
biologist a wider range of pore sizes from 
which to choose than any competing line. 
Selectacel* TLC Ion Exchange Celluloses 
for Thin Layer Chromatography Offers 
two outstanding advantages-(1) savings in 
time because of extremely uniform parti- 
cle size for outstandingly smooth TLC lay- 
ers, (2) Better adherence to the plate- 
superior, extremely sharp separations, 
even of closely related substances. 
S&S No. 2500 Cellulose Acetate Membrane 
Makes possible a great advance in chro- 
matographic separations through electro- 
phoresis. (1) Increased speed-extremely 
rapid separations possible. (2) Separations 
of outstanding clarity and sharpness not 
obtainable through previously standard 
techniques. 
S&S Collodion Bags For concentration and 
enrichment of protein solutions-a pre- 
liminary step to electrophoretic separa- 
tion. Simple, time-saving method-an 
exclusive S&S Specialty Product. 
S&S Micro-Filter Apparatus For vacuum 
filtration of small volumes and collection 
of cells, etc., on small surface areas. Makes 
possible a new, faster more quantitative 
method for detection of RNA-DNA com- 
plexes using S&S Membrane Filter B-6. 
Durable, easy to use, more convenient 
than other designs. 

*Selectacel is produced by Brown Company and exclusively packaged 
and distributed for laboratory use by Carl Schleicher & Schuell Co. 

Carl Schleicher & Schuell Co. 
Keene, New Hampshire Dept. INS 
S&S Analytical Filter Paper Sampler 
S&S Membrane Filter Brochure 
Selectacel TLC Bulletin 
S&S Collodion Bag Bulletin 
S&S No. 2500 Cellulose Acetate Membrane Bulletin 
S&S Micro-Filter Apparatus Bulletin 

Samples and data on New S&S Grades: 
S&S 591 A and 593 A (analytical use) 
S&S 591 C and 593 C (chromatographic use) 

Name.. 

Company 

Address 



forms). Their omnidirectional geo- 
metric factors are, however, about the 
same. Hence the detectors on Mariner 
IV have a 20-fold increase in "signal- 
to-noise ratio" for the detection of 
electrons having energies of the order 
of some tens of kev. 

We noted that the outermost detect- 
able limit of the earth's magnetosphere 
(25.7 RE at a Sun-Earth-probe angle of 
112?) as shown by our detectors A and 
B is nearly the same as that reported 
by Ness et al. (4) with the IMP-I mag-. 
netometer. 

Encounter with Mars. The Martian 
encounter occurred on 14-15 July 
1965, after 228 days of interplanetary 
flight during which our apparatus oper- 
ated properly and provided a large 
volume of data on solar proton and 
electron events (11). 

Every data point from each of the 
detectors A, 1B, C, DI, and D2 is shown 
in Fig. 2 for the time period 1000 
U.T.E. of 14 July 1965 to 1154 
U.T.E. of 15 July 1965, together with 
scales of areocentric latitude and areo- 
centric radial distance R. The abbrevi- 
ation U.T.E. means Universal Time 
Earth, that is, the Greenwich Mean 
Time of reception of the data at the 
earth; the data were recorded at the 
spacecraft 12.0 minutes earlier. Areo- 
centric latitude is measured positive 
north and negative south from the 
equatorial plane of the planet (the 
plane through its center perpendicular 
to its axis of rotation). Closest ap- 
proach of Mariner IV to the center 
of Mars, areocentric radial distance 
13,200 km, occurred at 0113 U.T.E. 
of 15 July. During the period 0231 
to 0325 U.T.E. of 15 July the space- 
craft, as viewed from the earth, was 
occulted by Mars and no signals were 
received. 

Prior to 1520 U.T.E. of 14 July 
the counting rates of all detectors were 
indistinguishable from their long-term 
interplanetary background values. At 
1520 (?10) U.T.E. the rates of Di, 
D2, and B began to depart from 
their background values and continued 
clearly above background until space- 
craft "science" was turned off at 1154 
U.T.E. of 15 July. The effect was weak 
or absent on detectors A and C. The 
particles responsible for the effect are 
identified conclusively as protons (or 
other heavy particles) with an energy 
spectrum which falls steeply between 
0.5 and 0.9 Mev. At the time of 
onset of the effect, the spacecraft was 
10 SEPTEMBER 1965 

162,000 km from the center of the 
planet at a Sun-Mars-probe angle of 
34?. It is concluded that the observed 
protons are not associated with Mars 
on the following grounds: 

1) The time (and spatial) depend- 
ence of the intensity as measured along 
the trajectory of the spacecraft is quite 
different from that expected in a plane- 
tary radiation belt. 

2) No such intensities of protons are 
found beyond about 65,000 km from 
the earth in any direction; and, as will 
be shown below, the particle popula- 
tions much nearer to Mars are vastly 
less than those at similar distances from 
the earth. 

3) Both observationally and theo- 
retically the outer fringe of a plane- 
tary magnetosphere is characterized by 
energetic electrons, not by protons. 

4) The time history, proton inten- 
sity, and proton spectrum observed on 
14-15 July are all similar to those 
commonly observed in interplanetary 
space remote from any celestial body. 
Five events of this nature were ob- 
served during the 2 weeks before the 
Martian encounter period. 

For the above reasons, the ob- 
served protons on 14-15 July are 
identified as a "solar proton event" 
whose appearance during this period 
was coincidental with the Martian en- 
counter. 

Throughout the remainder of the 
encounter period, there was no further 
significant departure from background 
rates by any one of the five detector 
channels, A and B being presumably 
the most sensitive to the fringe of a 
magnetosphere. 

Thus, no particle effects whatever, 
attributable to Mars, were detected de- 
spite the close approach of the space- 
craft. 

More precisely, the unidirectional in- 
tensity of electrons Ee > 40 kev did 
not exceed 6 (cm2 sec sterad) 1 over 
any 45-second sampling period. A sim- 
ilar trajectory past the earth would 
have encountered unidirectional inten- 
sities as high as 107 (cm2 sec sterad)-1 
(12). Hence, as a purely observational 
matter it is clear that the radiation en- 
vironment of Mars is vastly different 
from that of the earth. 

Implications of the Absence of Radi- 
ation Belts. Assuming the applicability 
of the composite theoretical-observa- 
tional knowledge of the magnetospheric 
transition region around the earth (de- 
scribed above) to that of a planet of 

MARINER IV 

much smaller magnetic moment, we 
can use our negative results to place an 
upper limit on the magnetic moment 
of Mars. 

The basic scaling law (13) is given 
by 

nmrv2 B2/87r - M2/R. (1) 

It is further supposed that v at Mars 
is the same as at the earth and that n 
is an inverse square function of helio- 
centric radial distance. Thus, it is sup- 
posed that the shock front and the 
magnetopause have the same geometric 
shapes as for the earth with the linear 
scale factor 

RM/RE = 1.1 (MM/ME)'. (2) 

It is known that the shock front and 
the magnetopause have approximately 
cylindrical symmetry about the Sun- 
planet line, more or less independent of 
the orientation of the magnetic moment 
of the planet. 

The application of these ideas to the 
present situation is described by Fig. 3. 
The curved line ABCDEFG represents 
the encounter trajectory of Mariner IV 
in areocentric polar coordinates R 
(radial distance from center of Mars) 
and a (Sun-Mars-probe angle). The 
cross section of the body of the planet 
is shown to the same scale. Data for 
the trajectory plot are from Jet Pro- 
pulsion Laboratory's "IBSYS-JPTRAJ- 
SFPRO 062965 Mariner IV Mission 
Encounter Fine Print 0310 GMT 15 
July 61 Special," which is the first- 
order-corrected, post-encounter ephem- 
eris, believed to be in error by less 
than 100 km. Adopting a blended best 
fit to present .knowledge of the geo- 
metric forms of the earth's shock front 
and magnetopause (2, 4, 14), we have 
drawn in Fig. 3 geometrically similar 
curves scaled according to Eq. 2 for 
the case MM/ME = 0.001. The two 
connected squares labeled M are sim- 
ilarly transformed points from Fig. 1 
which represent the positions of easily 
detectable intensities of electrons Ee > 
40 kev at 23.0 and 25.7 RE, respec- 
tively, in the fringe of the earth's 
magnetosphere on 28-29 November 
1964. 

We conclude from Fig. 3 that 
MM/ME is surely less than 0.001. In 
fact, a literal interpretation of Fig. 3 
gives MM/ME < 0.0005. In view of 
the wide ranges of areocentric latitude 
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and of a while the spacecraft was fly- 
ing more or less parallel to the scaled 
magnetopause, these conclusions are 
probably valid for any orientation of 
the Martian magnetic moment. 

The foregoing results mean that the 
equatorial surface magnetic field of 
Mars is less than 200 (and perhaps 
100) gammas (radius = 3417 km), 
and hence they suggest that the solar 
wind will, on occasion and perhaps 
usually, have a direct interaction with 
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the Martian atmosphere. This inter- 
action may be of essential importance 
in determining the physical state of 
the atmosphere. 

Also, it is evident that the Martian 
atmosphere and surface are exposed to 
the full effects of solar and galactic 
cosmic radiation irrespective of latitude. 

The observed weakness of the Mar- 
tian magnetic field will presumably con- 
tribute to the understanding of the in- 
ternal structure of the planet, though 
we do not pretend competence in this 
field and make only a few general re- 
marks. It is noted that the origin of 

the earth's general magnetic field is not 
understood on the basis of a priori 
theory and that no significant predic- 
tion of the magnetic moment of any 
other celestial body exists. On the basis 
of the most widely accepted conjecture 
on the physical origin of the geomag- 
netic field, primarily due to Bullard and 
to Elsasser [the subject is reviewed by 
Elsasser (15) and by Cowling (16)], 
it is believed necessary that a planetary 
body be endowed with both rotation 
and a liquid, electrically conducting 
core in order that its externally appar- 
ent magnetization exceed the mean of 

----DY 95 ---- DAY 196 

U.T. (TIME OF RECEPT)ON OF DATA AT EARTH) 

Fig. 2. A comprehensive plot of the counting rates of detectors A, C, B, D,, and D2 before, during, and after the encounter 
with Mars on 14-15 July 1965. Note scale of positional coordinates of the spacecraft in upper part of the figure. 
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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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