s

Conducted by C. L. Stong

ea water, like fertile soil, is a re-
S markably complex mixture—a
broth of reactive chemicals in dy-
namic equilibrium with the life it sup-
ports. Maintaining that balance in a
small marine aquarium can present
a challenge to any one who enjoys the
exotic organisms of the sea, particularly
if he has a flair for chemistry. The es-
sential supplies are not inexpensive if
the experimenter lives some distance
from the coast: no adequate substitute
for sea water has been compounded,
and the transportation of live specimens
runs into money. With the development
of relatively inert materials such as plas-
tics and glass fiber, however, methods
of conserving sea water have been per-
fected. In recent years even beginners
have succeeded in minimizing the cost
of specimens by breeding at home some
species of marine fishes and a number
of fascinating invertebrates. A small
salt-water system that is well adapted
for amateur operation has been con-
structed by Lars H. Carpelan, assistant
professor of biology at the Riverside
campus of the University of California.
In this system the water is pumped
through a battery of aquariums from a
relatively large reservoir that serves as a
settling basin and oxidation pond. The
reservoir minimizes the accumulation of
organic wastes in the aquariums and
tends to concentrate bacterial action at
a point remote from the specimens.
“According to theory,” writes Car-
pelan, “it should be possible to achieve
chemical stability in a stagnant, isolated
aquarium. In practice, however, it is
extremely difficult to establish a precise
balance between the nutritional require-
ments and the metabolic products of
plants, bacteria and herbivorous, carniv-
orous and scavenging animals. An ar-
rangement that allows water to flow

~ THE AMATEUR SCIENTIST

How to build and maintain aquariums

for organisms that live in the ocean

through the aquarium from a compara-
tively large reservoir simplifies the prob-
lem greatly by removing wastes, aerating
automatically and diluting local con-
tamination. In addition, it is fairly easy
to maintain a large tank of water at the
uniform temperature required by many
marine animals, whereas small aquar-
iums tend to follow fluctuations in the
temperature of the surrounding air.

“The system I constructed occupies a
space two feet wide and eight feet long
in a vivarium at the university. It was
built of wood, glass fiber, plastic pipes
and a pump at a total cost, exclusive of
labor and the aquariums, of about $250.
Aquariums can be constructed at a cost
of about $12 each for materials. A con-
siderable saving could be made by using
a second-hand bathtub for the reservoir.
Care would have to be taken to coat all
exposed metal parts of the tub with an
inert material such as paraffin. Don’t
worry too much about ferrous metals,
but keep brass or bronze away from the
water; they will react to form copper
ion, which is highly toxic to most marine
organisms. Be sure that the stoppers
used for closing the drain and overflow
holes of the tub are leakproof and coated
with paraffin.

“An arbitrary rule of thumb calls for
a reservoir with twice the total capacity
for storing the water when the aquar-
iums are empty and a minimal ratio of
aquariums-to-reservoir volume for the
dilution of contaminants when the sys-
tem is in operation. A reservoir of ade-
quate proportions provides a favorable
surface-to-volume ratio for the diffu-
sion of atmospheric oxygen into the wa-
ter. When the surface is small in relation
to the volume, animals consume dis-
solved oxygen faster than it can be re-
placed by diffusion.

“My system serves 12 10-gallon aquar-
iums. The reservoir has a capacity of
240 gallons. In practice the containers
are kept three-quarters full, so that there
are 90 gallons in the aquariums and 90
gallons in the reservoir when all the
aquariums are in use. The reservoir is
then filled to a depth of only nine inches,
a surface-to-volume ratio adequate for
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maintaining equilibrium between dis-
solved oxygen, dissolved carbon dioxide
and the atmosphere.

“To maintain the water at a constant
level in the aquariums one must balance
the inflow and the outflow. This could
be accomplished by installing a drain
tube at the desired height in one wall
of each aquarium, but such an arrange-
ment has the disadvantage of perma-
nency: the hole can’t be shifted when
one wants to change the water level.
Moreover, in the case of glass aquariums
holes are difficult to drill and they weak-
en the glass. An alternative but equally
permanent solution is a vertical over-
flow pipe penetrating the bottom of the
tank, in which case the height of the
open end of the pipe determines the
water level.

“The usual aquarium outflow is a
siphon. I use automatic siphons assem-
bled from simple glass T’s and straight
glass tubes coupled by short lengths of
flexible plastic tubing [see illustration on
next page]. Conventional siphons are not
satisfactory because they must be re-
started when the level of the water drops
low enough to admit air. The vented
branch of the automatic siphon prevents
water in the aquarium from falling be-
low the level of water trapped in the ex-
ternal U of the siphon. Once installed,
the device requires no attention other
than periodic cleaning. To prime it one
stoppers the discharge tube and applies
suction to the vent. If the vent is closed,
the device functions as a conventional
siphon. A flexible tube leads from each
siphon to an open trough or to a 3/4-inch
plastic pipe fitted with open T joints,
either of which returns the outflow
water to the filter.

“A filter must be placed somewhere in
the circuit to serve as a ‘kidney’ for rid-
ding the circulating water of wastes. The
required amount of filtration will vary
according to use. If only animals that
take food in large particles are to be
kept, the water should be sparkling clear,
and this calls for maximum filtering.
Thorough filtering is ill-advised, how-
ever, for invertebrates. The food cycle
in a closed system can be made almost
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WIDE WORLD
OF
POLYMERS

Chemstrand Research Center's rap-
idly-accelerating studies of the lim-
itless promise of the polymers are
constantly creating new and chal-
lenging opportunities for scientists
and engineers. To stimulate the sci-
entist’s pursuit of basic knowledge
in this important field, the Center
provides an unusual degree of pro-
fessional freedom...and the finest
possible facilities. 4 The academ-
ically-rich atmosphere and pleasant
living conditions surrounding the new
multi-million dollar Chemstrand Re-
search Center in North Carolina’s
Research Triangle Park provide the
other essentials for your profession-
al and personal advancement. ¢
Chemstrand Research Center, Inc.
is a subsidiary of Monsanto Chem-
ical Company. 4 The Center's pro-
grams include fundamental studies
of structures and physical phenom-
ena of polymers and fibers, poly-
merization kinetics and mechanisms,
fiber formation and properties and
many other challenging areas. 4
Physical, organic and polymer chem-
ists, fiber scientists, physicists and
graduate engineers are urged to in-
vestigate these opportunities for pro-
fessional growth and fuller, more
enjoyable living. Write Supervisor,
Employment Department T26, Chem-
strand Research Center, Inc., P. O.
Box 731, Durham, North Carolina.
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self-regulating when the system includes
adequate populations of filter-feeding
animals, such as bivalve mollusks, and
grazers, such as gastropod mollusks.
Once a properly filtered recirculating
system for invertebrates is in operation,
the accumulation of organic matter sup-
ports a natural cycle of bacterial action
‘ that liberates nutrients for the growth of
algae. The algae, in turn, support the
growth of encrusting algae and other
phytoplankton—if enough light reaches
| the aquarium to maintain photosynthe-
J sis. The consumption of phytoplankton
and encrusting algae by filter-feeding
and grazing animals then completes the
food cycle. A deposit of organic matter
on the bottom of an aquarium will
simultaneously provide a substrate of
nutrients for protozoa and other organ-
isms to support bottom-feeders. Exces-
sive filtering breaks the cycle. When a
variety of invertebrates are kept in the
aquarium, the filter-feeders can do the
filtering and the bottom-feeders can do
the cleaning.

“Minimal filtering can be accom-
plished by returning the overflow from
an aquarium to the reservoir through an
inch or so of replaceable glass wool on
top of a few inches of calcareous gravel
(beach gravel that contains a substantial
| amount of broken mollusk shell). The
loose materials can be packed in an inert
container equipped with the necessary
tubing [see illustration on page 172].
The filtering action can be increased
| substantially by adding a layer of fine
sand above the calcareous gravel and
still more by placing a layer of activated
charcoal on top of the sand. Both the
charcoal and the glass wool must be re-
placed when they become loaded with
waste. The calcareous gravel plays only
an incidental role in the removal of
wastes but maintains the hydrogen-ion
concentration within the slightly alka-
line range of the sea.

“Maintaining the temperature of the
water within a range favorable to speci-
mens may or may not be a problem,
depending on the tolerance of the or-
ganisms and the room temperature. The
temperature of the vivarium at the uni-
versity is held at 75 degrees Fahrenheit,

which is high for many marine organ-
l isms but which can be tolerated by tide-
| pool forms, particularly those native to
tropical waters. A temperature of 64
degrees F., which is about right for
many species, could be maintained
| either by lowering the temperature of
| the room or by circulating the water
through a coil of plastic garden hose
kept in a small refrigerator of the type
used for cooling bottled drinks. The
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amount of cooling would depend on the
length of the coil, the speed of flow and
the temperature of the refrigerator and
would have to be determined by trial
and error.

“The salinity of deep-sea water ranges
between 33 and 38 parts per thousand
by weight, but water near the shore is
frequently more dilute. Many tide-pool
organisms can survive fluctuations in
salinity ranging from 25 to 45 parts per
thousand. Even so, a conscientious ef-
fort to maintain salinity in the range of
33 to 38 parts per thousand will be re-
paid in terms of more vigorous speci-
mens. This range corresponds to a
specific gravity of 1.025 to 1.029 at the
temperature of 64 degrees. The specific
gravity at 25 parts per thousand is ap-
proximately 1.02 and at 45 parts per
thousand about 1.035. Hydrometers of
adequate sensitivity for determining
density are available from dealers in
scientific supplies for about $2. Under
normal conditions density can be ex-
pected to increase gradually as the sys-
tem loses water by evaporation. Salinity
should be checked weekly and lowered
by adding distilled water when the
specific gravity increases to 1.03. If the
available sea water for stocking the sys-
tem is too dilute, either allow water to
evaporate at room temperature or add
one of the preparations compounded to
simulate sea water. A number of these
are on the market and can be ordered
from manufacturers through dealers in
tropical fish.

“In the normal course of cleaning
aquariums, inserting or removing speci-
mens from the water and otherwise
maintaining the system, and in the event
of a clogged outflow pipe, some water
is inevitably spilled over the sides. For
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A cursory analysis leads some to say that five breaks and rejoins are required to
make a fifteen-link chain out of five chains of 1, 2, 3, 4,and 5 links. If you say four,
you show imagination and perception. The optimal solution, three, requires the in-
genuity, acumen — Achphenomenon, if you will —that is welcome at Litton Systems,
We are looking for engineers who can disregard the brick-and-mortar approach and
see the unobserved. Engineers who avoid the tendency to think in traditional chan-
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With artificial satellites already launched and
space travel almost a reality, astronomy has
become today’s fastest growing hobby.
Exploring the skies with a telescope is a
relaxing diversion for father and son alike.
UNITRON’s handbook contains full-page
illustrated articles on astronomy, observing,
telescopes and accessories. It is of interest

to both beginners and advanced amateurs.
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lators, 1-f isolation amplifiers, and related
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Develop microwave circuits and equip-
ment including wave-guide assemblies,
and related circuits.
Servomechanisms. Develop and design of
antenna stabilization servo systems. Film
drive control systems.
Develop radar transmitters and modula-
tors including pulse forming networks,
transformers, protection circuits, X-band
amplifiers and related circuits.
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lenses and complete optical systems.
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| this reason I place my aquariums on

shelves made in the form of shallow
trays equipped with drains that lead to
a plastic catch bucket. The trays are
made of marine plywood 3/4 inch thick,
which can be bought from lumberyards
that cater to boatbuilders. (Ordinary
plywood comes apart when it is soaked. )
In my arrangement the lowest shelf, or
tray, is a foot above the reservoir, with
succeeding shelves spaced at 18-inch
intervals above the first [sce illustration
on page 174].

“The construction of the trayvs and
reservoir is not difficult if care is taken
to make straight cuts and to keep the
ends square. The job is easy if one has
access to a power saw. Marine plywood
of the necessary thickness comes in
sheets four feet wide and eight feet long
priced at about $5 a sheet. My construc-
tion required four sheets and about 100
feet of two-by-four stock for the base
and supporting structure. The shelves
and reservoir were assembled with nails
and waterproof glue. The nails were
countersunk and the holes were calked
to prevent corrosion. The interior sur-
faces of all shelves and the reservoir
were coated with glass fiber, a material
that provides a smooth, inert, water-
proof finish. It can be obtained from
boat-supply dealers, along with excel-
lent advice on the technique of apply-
ing it to wood. The material, which con-
sists of glass filaments woven into a
clothlike fabric, comes in various widths.
I used the 50-inch width at $1.60 a
yard. When split down the middle, it
fitted the two-foot width of my shelves
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and reservoir with a 1/2-inch overlap at
the sides. Glass fiber is applied to wood
with a fluid resin priced at about $7 a
gallon, enough for three coats over an
area of 45 square feet. One simply paints
the wood with resin and applies the fab-
ric like wallpaper. For a watertight seal
the material must overlap at the corners
and edges. When the first coat of resin
has hardened, two more coats are ap-
plied directly over the fabric to seal the
spaces between filaments. Drainpipes
can be installed after the layers have
hardened by drilling slightly oversized
holes through the walls and cementing
the pipes in place with a filler made of
scraps of fabric mixed with resin.

“All the plumbing is of glass, Tygon,
polvethvlene or rubber, with no metal
parts coming in contact with the water.
Various flexible and rigid tubes together
with a wide selection of fittings for lawn-
sprinkler systems are available from
most hardware stores and mail-order
houses. Flexible transparent tubing
smaller than 1/2 inch in diameter, to-
gether with plastic and glass stopcocks,
are stocked by dealers in scientific sup-
plies. The stopcocks range in price from
$3 to $5 each. A substantial saving can
be made by substituting flexible tubing
and pinchcocks for stopcocks, although
at some cost in terms of convenience.

“The pump, mounted on a wooden
support, is suspended from a wooden
slat across the top of the reservoir by
nylon cords, as shown in the illustration.
The suspension reduces noise and makes
vertical adjustment easy. Incidentally,
be sure to set aquariums with exposed

)%}

is placed over resevvoir

Minimal filter (left) and a more thorough one (right)
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purposeful imagination....in space

The men of Aerospace probe all disciplines of the space sciences. Chartered exclusively to serve the United States
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wooden bottoms on small 1/2-inch sticks
to provide air circulation. Wood should
be kept either all wet or all dry. It goes
to pieces if it is allowed to become alter-
nately wet and dry. The plumbing sys-
tem must also include a device at some
point for regulating the water pressure.
A standpipe can be used or, as in my
system, a valve in the return line. The
system should be operated at the lowest
pressure consistent with adequate recir-
culation, which will vary with the num-
ber of aquariums in use.
“Supplementary aeration can be sup-
plied as required by discharging water
into aquariums through bubbler jets.
These can be improvised from the glass
part of a medicine dropper and either

supply jet for water and?

ovtflow
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glass tubing of somewhat larger diameter
or close-fitting plastic tubing [see illus-
tration on page 176]. In each version
air is drawn into the stream by the force
of the jet. The dimensions of the bubbler
jets are not critical.

“The plumbing should be cleaned
periodically to prevent debris or growths
of organisms from clogging the siphons
or other parts of the system and causing
the aquariums to overflow. Float valves
that shut off the inflow when water in
an aquarium rises above a predeter-
mined level are effective. Equipping the
siphon inlet with glass or plastic strain-
ers keeps the siphons from clogging and
causing an overflow. In my opinion trays
fitted with drains that empty into a plas-

tic catch bucket are adequate to cope
with the few emergencies that may
arise.

“Aquariums can be of wood and glass
fiber construction, but most amateurs
will surely prefer to make at least one
side of glass so that the specimens can
be observed. A sheet of 1/4-inch plate
glass can be sealed into a wooden tank
successfully by the use of either vinyl
tubing or vacuum tape [see illustration
on page 178]. The seams could also be
calked with a remarkable new com-
pound called Silastic RTV 731, a prod-
uct of the Dow Corning Corporation.
Although I have had no experience with
this preparation, I understand that it
comes in collapsible tubes and has the

¥2" plastic svpply
tube with glass or plastic
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Marine aquariums with recirculating sea-water system
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Firm, Long-Range Program in Nuclear Power
Plant Development. Expands Need at Allison

for More Top Level Scientists and Engineers

©® Atomic Energy Commission selection of Allison as prime

contractor for development of a Military Compact Reactor
(MCR) creates challenging, new opportunities for Engineers
and Scientists in a substantial, long-time program in the
nuclear field.

The MCR is a lightweight, completely self-contained nu-
clear fission power system—easily transportable by truck,
aircraft or rail—designed to provide electric power in re-
mote areas. It will have a high temperature, liquid metal

cooled reactor coupled to a power conversion system. In-
corporating long plant life characteristics compatible with
military field equipment, the power plant is expected to
reduce the burden which shipment and storage of petroleum
imposes on combat forces.

Allison will design and develop the overall power system
—(capable of generating 3000 kw)—with other GM divi-
sions taking part in specific phases of the program.

Our need is urgent for additional, high calibre engineering and scientific personnel.
Advanced degrees and minimum of 3 years experience in following areas desirable:

NUCLEAR POWER SYSTEMS ANALYSTS—(Powerplant
Dynamics)—Nuclear or Electrical Engineers with broad
background in areas of steady state powerplant performance
and transient or dynamic analysis.

(Thermal Hydraulic)—Mechanical Engineers with back-
ground in liquid metal heat transfer, fluid dynamics and
gas turbine thermodynamics.

(Hazards)—Nuclear Engineers with background in def-
inition, analysis and evaluation of nuclear powerplant safety
and hazards.

(Mechanical)—Mechanical or Chemical Engineers with
background in nuclear powerplant layout, nuclear power-
plant mechanical integrity and high temperature component
design.

(Electric Power)—Electrical Engineers (Power Systems)
with background in steady state system performance and
power system stability.

REACTOR PHYSICISTS—(Analytical)—Physicists with sub-
stantial experience in reactor physics field to analyze nu-
clear behavior of projected reactors; generate new concepts
in design or control of nuclear reactors.

(Experimental)—Physicists, preferably nuclear, with ex-
perience in experimental nuclear physics, to analyze and
evaluate experiments on compact reactor core configura-
tions.

(Shielding)—Physicists with capabilities in nuclear re-
actor shielding, including experience in experimental shield-
ing investigations and associated minimum weight shield
configurations.

NUCLEAR REACTOR DESIGNERS—Mechanical Engineers
with nuclear experience or training. Extensive experience in
layout and detail design of structures and mechanisms oper-
ating under conditions of high temperature, thermal stress,

irradiation and corrosion, and with close dimensional toler-
ances.

HEAT TRANSFER SPECIALISTS—Experience with liquid
metal heat transfer preferred. To plan, analyze and conduct
research programs involving liquid metal boiling and con-
densing heat transfer, convective heat transfer, and radiant
heat transfer.

ELECTRICAL ENGINEERS—(Power Systems)—Power sys-
tem engineers for study of MCR applications. Experience
in design of central station or standby powerplants, with
knowledge of load analysis, synchronous machines, switch-
gear control and specifications.

(Instrumentation Systems)—Nuclear or Electrical En-
gineers with instrumentation or control experience for de-
sign of MCR console, instrumentation, and data transmis-
sion link.

(Design)—Electrical Engineers to design controls and
switch gear. Also, EE’s to conduct studies on electrical
power systems, including load analysis and stability require-
ments.

Openings available NOW. A promising future for those
who qualify is available in the creative environment at
Allison—plus all the opportunities and advantages offered
through an organization with the character of General
Motors. Interested ? Let us hear from you. Send your re-
sume or write to: Mr. V. A. Rhodes, Professional and
Scientific Placement, Dept. 215, Allison Division, General
Motors Corporation, Indianapolis 6, Indiana.

An equal opportunity employer

Energy Converston Is Our Business

ALLISON DIVISION, GENERAL MOTORS CORPORATION
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REACTOR
PHYSICISTS

THEORETICAL

For research in reactor sys-
tems design, shielding,
kinetics, safety; and basic
studies in such areas as neu-
tron thermalization.

Ph.D. in Physics and/or
Nuclear Engineering or M..S.
with experience preferred.

EXPERIMENTAL

For design and testing of
critical reactor experiments
in thermal or fast reactors
with water or liquid metal
systems ; and measurements
of nuclear parameters.

Ph.D. in Physics and/or
Nuclear Engineering or M.S.
with experience preferred.

Argonne is located abour 25
miles from the heart of Chi-
cago. It is a center for the
nation’s atomic energy re-
search and offers a stimu-
lating environment, excellent
benefits, attractive salaries.

Apgonne

Direct inquiries to:
Professional Placement, f-1
9700 South Cass Avenue
Argonne, lllinois

AN EQUAL OPPORTUNITY
EMPLOYER

'~ | board across
<~ aquarivm
ae
vp air =2

bubblcis-/, o-_'

consistency of tooth paste. When it is
exposed to humid air, the material sets
in the form of a tough, inert rubber that

| adheres to clean glass so firmly that it
will tear before separating from the
glass. It should be possible to assemble
| an effective all-glass aquarium with this
preparation, particularly if the glass
structure is supported in part by an ex-
ternal framework. Within recent years
seamless aquariums made of acrylic
plastics have been marketed, some per-
forated for inlet and outlet tubing.
Prices appear to average about $2 a
gallon in the 10-gallon to 40-gallon sizes.
“In operating the system under sub-
optimal conditions—at about 75 degrees
F. without supplementary aeration or
special nutritional supplements for in-
dividual species—we found that about
two-thirds of the specimens readily avail-
able in the coastal waters of California
could be kept from two weeks to two
months. About a third lived indefinitely.
Tide-pool fishes such as the blenny, kelp
greenling and the opaleye are particular-
ly easy to maintain. Other interesting
specimens from these waters include the
topsmelt, sargo, mudskipper and killifish.
Large sea horses of the kind that abound
in the Gulf of Mexico and along the
coast of Florida have also done well in
small aquariums and will mate occasion-
ally if they are kept apart from other
specimens. Incidentally, young sea horses
develop in a pouch on the tail of the male
and occasionally, with luck, a shipment
may include a ‘pregnant’ male. The
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Bubble-jets for aerating marine aquariums

‘herd” that ultimately emerges from the
pouch may number as many as 400 baby
sea horses! Other Florida vertebrates
that do well in small marine aquariums
include the clownfish, cowfish, batfish,
boxfish and the fearsome toadfish. Still
other species, including some of nature’s
most beautifully colored animals, will
survive for long periods with proper
care, including the queen angelfish, the
rock beauty, the neon goby and the spec-
tacular (but poisonous) lionfish.

“The great diversity of invertebrate
animals that thrive in small aquariums
opens the hobby to amateur biologists
whose interests go beyond fishes. With-
out an aquarium it is not easy to ob-
serve the mussel Mytilus in the act of
spinning byssus threads for anchoring,
to catch a starfish dining on a mussel, to
watch the hermit crab’s erratic search
for a larger shell in which to take up
residence or to feed an anemone by
dropping bits of shrimp on its tentacles.
West Coast invertebrates that do well in
small aquariums include the mussel,
starfish, sea anemone and crab. Of these
the easiest to keep are the California and
horse mussels; the hermit and hairy her-
mit crabs; the Southern California star-
fish, sand star, sea bat and common pur-
ple starfish.

“I have not tried any of the Gulf and
Florida organisms, but collectors report
that the spider crab, the ‘daddy longlegs
of the sea,” survives well on ordinary
care. Other semitropical invertebrates
recommended by Florida collectors in-
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® These familiar symbols, representing broad areas of investigation at Allison, add up to our
guiding theme, “Energy Conversion Is Our Business.”

Long-range objective of Allison scientific investigation is the creation and development of
practical energy conversion devices for such applications as direct nuclear conversion systems . . .
plasma acceleration for space flight propulsion . . . energy depots and other forms of energy

conversion systems.

An immediate objective centers on the Military Compact Reactor (MCR). Allison has been
selected by the Atomic Energy Commission to design and develop MCR—a highly mobile,
completely self-contained nuclear fission power system—to provide electric power in remote areas.

To implement these expanding and long-range programs,

we need additional scientists and engineers—both theoretical and experimental:

NUCLEAR PHYSICISTS—(Shielding)—Ph.D.
or M.S. or equivalent, with capabilities in
nuclear reactor shielding field, including ex-
perience in experimental shielding investi-
gations and associated minimum weight
shield configurations.

(Reactor)—Ph.D. or M.S. or equivalent
with substantial experience in reactor
physics field to analyze nuclear behavior of
projected reactors; generate new concepts
in design or control of nuclear reactors.

(Experimental)—Ph.D. preferably in nu-
clear physics, or equivalent with experience
in experimental nuclear physics, to plan,
conduct and analyze critical experiments
on compact reactor core configurations.

SOLID STATE PHYSICISTS—(Section Chief)
—Ph.D., 5-10 yrs. experience in experi-
mental solid state physics to direct group
of scientists in experimental research on
materials of interest in direct energy con-
version.

(Senior Research)—Ph.D. in theoretical
physics. Energy conversion experience de-
sirable. Will carry out theoretical work on
the thermodynamics and physics of energy
conversion devices. Considerable use will
be made of computing systems (analog and
digital). Radiant energy conversion, therm-
ionic, liquid metal systems will be ana-
lyzed initially.

(Research)—Ph.D. Must be capable of
carrying out independent research in prop-
erty evaluation of semiconductors and met-
als. Some attention also to liquid state

physics. Radiant energy conversion devices
emphasized in early work.

MATHEMATICAL PHYSICISTS—Ph.D. or
M.S. in mathematics, or equivalent. Prefer
experience in reactor analysis and program-
ming for digital and analog computer. Must
be capable of carrying out all computer
operations (digital or analog) required by
nuclear engineering.

M.S. in mathematics with courses in nu-
clear physics. Requires strong analytical
training in field of mathematics with ex-
perience in nuclear reactor field.

THERMIONIC RESEARCH PHYSICISTS—Ph.D.
with established reputation in field of
thermionic energy conversion, or thermionic
emission. As group leader, he must provide
technical leadership in all areas related to
development of practical thermionic con-
verters (nuclear, solar, and chemical heat
sources).

M.S. or Ph.D. preferred to direct work
in planning and performing experiments on
test diode configurations. Requires strong
academic background in theoretical and ex-
perimental plasma physics with emphasis
on gas discharges, plasma dynamics, diag-
nostic techniques and thermionic emission.

Ph.D. or equivalent (solid state physics)
—Requires good knowledge of solid state
physics associated with high temperature
materials used in thermionic converters.
Will require study of new materials and /or
new processes for emitter and collector elec-
trodes in a thermionic converter.

PLASMA PHYSICISTS—(MHD Power Gener-
ation Research)—Ph.D. in physics or en-
gineering. Must be well-versed in theory of
plasmas and gaseous discharges. Will be
required to lead a research and develop-
ment program in field of MHD power gen-
eration.

(Propulsion)—Ph.D. in physics or engi-
neering. Must be well-versed in plasma.
physics and experienced in application of
important diagnostic methods such as
probes, spectroscopy, and microwaves. Will
lead an established research program in
pulsed plasma propulsion.

(Basic Research)—Ph.D. in physics or
mathematics. Background should include
vector and tensor analyses, fundamentals of
probability theory, fundamentals of class-
ical mechanics and electrodynamics, the ki-
netic theory of plasmas, and the principles
of magnetohydrodynamics. Will conduct
theoretical studies in support of experi-
ments in a low density plasma tunnel.

Openings available NOW. A promising
future for those who qualify is available in
in the creative environment at Allison—
plus all the opportunities and advantages
offered through an organization with the
character of General Motors. Interested ?
Let us hear from you. Send your resume or
write to: Mr. V. A. Rhodes, Professional
and Scientific Placement, Dept. 513, Allison
Division, General Motors Corporation,
Indianapolis 6, Indiana.

An equal opportunity employer

ALLISON DIVISION, GENERAL MOTORS CORPORATION

© 1962 SCIENTIFIC AMERICAN, INC

177



¢

- ||
|I,I"“|I|h.

Explorers
in
the shape
of
things to come

Anideain the mind of man...that's where
every achievement in the world begins.
Peer into the minds of Lockheed Scien-
tists and Engineers. There you see
ideas in the making—ideas that some
day will take on form and substance.
Not all, of course. Some are too ‘‘far
out.” But, no matter how visionary, all
ideas win serious attention.

As a result, this freedom of imagina-
tion has led to many distinguished ac-
complishments at Lockheed. And the
future holds still more. For, among Lock-
heed’'s ever-expanding programs are:
Spacecraft; Satellites; Man-in-Space
Studies; Hypersonic Manned Aircraft;
Advanced Helicopter Design; Sophisti-
cated ASW and Ocean Systems.

Scientists and Engineers who thrive in |

an atmosphere of freedom; whose crea-
tive processes flourish through liberal
exchange of ideas; who relish the ex-
citement of exploring the unexplored—
to such men we say: Lockheed has a
place foryou. Forexample:InElectronics
Research; Thermodynamics; Guidance
and Control; Stress; Servosystems; Re-
liability; Dynamics; Astrophysics; Astro-
dynamics; Advanced Systems Planning;
RF Equipment Engineering; Bioastro-
nautics and Space Medicine; Weapons
Effects; Aerophysics; Digital Communi-
cations; Antennas and Propagation
Engineering; Tracking, Telemetry and
Command Engineering; Communica-
tions Analysis. Send resume to: Mr. E.
W. Des Lauriers, Manager Professional
Placement Staff, Dept. 2911, 2405 N.
Hollywood Way, Burbank, California.
An equal opportunity employer.

LOCKHEED

CALIFORNIA COMPANY

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION
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clude banded coral shrimp, colorful but
predatory sea anemones, corals, flame
scallops and the amusing mantis crab.

“The cost of specimens and sea wa-
ter depends on the distance to the aquar-
ium from the coast. Sea water is nor-
mally transported in sealed polyethylene
bags. Glass containers are better but less
convenient. Water near the beach usual-
ly contains too much suspended matter
for satisfactory use; the water shipped
by most collectors is taken from the open
sea, which requires the use of a boat and
increases the cost.

“The collection of specimens is an art
in itself. Professional collectors make use
of all the techniques and gear familiar
to skin divers as well as the services of
commercial fishermen. Small organisms
are usually shipped in polyethylene bags
that contain about two gallons of sea
water along with an equal volume of
pure oxygen injected just before the bags
are sealed and crated. Minimum trans-
portation charges for air express ship-
ments average about $20.

“The price of sea water varies with
individual collectors and is determined
by the cost of collecting and packaging.
Specimens are priced from $2, with rare
species commanding as much as $100
each. Prices, which tend to vary with the
season, are quoted on request by com-
mercial suppliers such as Aron Enter-
prises, Haywood, Calif.; The Gulf Speci-
men Company, Carrabelle, Florida; The
Aquarium Stock Company, Inc., 31 War-
ren Street, New York 7, N.Y.; and the
General Biological Supply House, 8200
South Hoyne Avenue, Chicago, Ill.

“Extreme care must be taken to equal-

| ize the temperature and salinity of the

water when one is transferring speci-
mens from shipping containers to the
aquariums. If the differences are great,
the specimens may not survive the shock
of transfer. The temperature can be ad-
justed by immersing the shipping bag in
the aquarium for several hours. The
specific gravity of the water inside and
outside the shipping bag is then meas-
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ured. If a difference in specific gravity
of more than two parts per thousand is
observed, transfer about two ounces of
shipping water to the aquarium and two
ounces of aquarium water to the ship-
ping container once every 15 minutes
until the difference in specific gravity is
reduced to two parts per thousand. Use
a glass or plastic dipper.

“Nutritional requirements vary with
the nature of the specimen and its age.
In general it can be said that the vener-
able cliché still holds: “The best food for
fish is fish.” Hardy species such as clown-
fish do well on dry food, chopped
shrimp, brine shrimp and bits of worm.
The more exotic types, such as lionfish,
require small live minnows, fed one or
two at a time and supplemented with
bits of earthworm and fresh shrimp.
Starfish need live clams. Sea urchins and
other invertebrates prefer finely chopped
shrimp, green algae, fish roe and de-
cayed plant matter.

“In theory the cultivation of the sea
in miniature should pose no more tech-
nical difficulty than the operation of a
farm. But the agricultural revolution
that generated solutions for so many of
the farmer’s problems stopped at the
beach; the marine aquariist finds him-
self some 8,000 years behind the tiller
of the soil, his problems not only un-
solved but in substantial measure await-
ing identification. It should be possible
to condition sea water for the optimum
growth of specific organisms, much as
the farmer encourages good crops by
proper fertilization or as the specialist in
hydroponics compounds ideal mediums
for cultivating lettuce and tomatoes. Sea
water, however, evidently contains one
or more elusive substances essential for
the long-term support of its population
that have so far escaped detection. Nu-
merous attempts have been made to
duplicate sea water by dissolving various
combinations of salts in distilled water,
but no effective long-term substitute has
been developed. The task of finding one
poses a real challenge.”
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4-DAY HOME FOR FIRST LUNAR EXPLORERS
The “moon bug,” more formally known as the Lunar Excursion
Vehicle, will ferry the first two of N ’s lunar visitors from an

orbiting Apollo spacecraft to the moon’s surface.

For aslong as four d the two astronauts will explore the moon
—one of man’s most incredible scientific opportunities—using the

“moon bug” as home base. Then they will rendezvous with the

mother ship, in which a third astronaut will have been circling

the moon. They will re-enter the Apollo command module, jettison
the “moon bug” and head for Earth.

1t will happen before this decade is over.

This venture and N s many other advanced projects require

scientists and engineers with the highest qualifications. If vou are
interested in employment with NASA, please send a resume to
Personnel Officer, Dept. NA-3, of: NASA Headquarters (BPH),
Washington 25, D. C.; NASA Goddard Space Flight Center, Green-
belt, Md.; NASA Langley Research Center, Hampton, Va.; NASA
Lewis Research Center, Cleveland, Ohio;

NASA Marshall Space Flight Center, Hunts-

ville, Ala.; NASA Ames Research Center,

Mountain View, Calif.; NASA Flight Research

Center, Edwards, Calif.; NASA Manned Space

Craft Center, Houston, Texas; NASA Launch

Operations Center, Cocoa Beach, Florida.

NASA IS AN EQUAL OPPORTUNITY EMPLOYER (U. 8. CITIZENSHIP ESSENTIAL)
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Accept one of these fine works

(VALUE UP TO $29.75)

PROBABILITY AND STATISTICS
LAB, designed by Edmund C.
Berkeley. More than 35 experi-
ments with dice, a ‘“coin-tossing”
Hexstat and other in-
genious materials that illustrate
such fundamentals as the Poisson
Distribution, binomial and normal
distribution, mean and standard
deviation. 112-page illustrated

manual.

A Usigur Akt 1 (e T

The

THE WORLD OF MATHEMATICS.
The famous 4-volume work edited
by James R. Newman. A chronicle
of mathematical thought from the
Rhind papyrus to relativity and
automation. Handsomely boxed;
2535 pages; 500 illustrations..

LisT PrICE $25.00

THE ENCYCLOPEDIA OF THE BIO-
LOGICAL SCIENCES, edited by
Peter Gray. First encyclopedic ref-
erence work in this field — 1140
pages; more than 800 articles up
to 3000 words long; 486 distin-
guished contributors; over 300 il-
lustrations. LisT PrICE $20.00

machine, a

ENCYCLO;
of the PEDIA

BIOLOGICAL
SCIENCES

Edlied vy PETER Gaay

LisT PICE $16.95

pre

— ]

VAN NOSTRANDS
SCIENTIFIC
ENC \CLOPI“ DI~\

AN b

T

Probability

and
Statistics

SCIENTIFIC ENCYCLOPEDIA. 1839
pages; 1456
than 1400 articles; over 100,000
definitions. The third revised edi-
tion of the modern classic of sci-
entific reference. L1sT PRICE $29.75

illustrations; more

...with a first Selection from among these 16
outstanding books from The Library of Science

Tms GIFT OFFER dramatizes two of the many
reasons why more than 57,000 scientists and
professionals have joined The Library of Science:
(1) Your choice of one of the outstanding works
above as a gift demonstrates the calibre of books
and the substantial savings (over 40% ) you enjoy;
and (2) the five groups at the right give you a token
example of the broad editorial program which, out
of hundreds of titles published monthly, selects the
most valuable for your consideration.

Select from many disciplines and specialties

In addition to these key areas, you are free to draw
upon titles in Anthropology, Archaeology, Biology
and Medicine, Electronics, Evolution and Genetics,
Frontiers in Science, Game Theory, History of
Science, Human Behavior, Natural History, Philos-
ophy of Science and Scientific Reference. Use the
coupon below to choose your free Gift Book and
your first Selection. You receive another free Bonus
Book after every fourth Selection. Why not mail
your choices today to The Library of Science, 59
Fourth Avenue, New York 3, N. Y

Which valuable work may we send you FREE?

% The Library of Science, Dept. L-104
59 Fourth Avenue, New York 3, N. Y.

Please enroll me as a member and send me the
Gift Book and first Selection that I have indicated
below. Bill me for my Selection only at the reduced
Member's Price, plus postage. As a member I need
take as few as five more Selections during the next
24 months from the 75 or more available to me at
reduced Member's Prices, and I will receive a free
Bonus Book of my choice after every fourth Selection.

Membership Gift Book

First Selection.

Name.
Address. ...
City Zone State
N AR
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PROBABILITY THEORY &
ITS APPLICATIONS, by Wil-
liam Feller. A rigorous and
unified account in the light
of modern investigations.”
W. M. Hirsh.
List PrICE $10.75
MEMBER’S PRICE $ 6.95

MATHEMATICS AND PLAU-
SIBLE REASONING, by
George Polya. Two vols. In-
duction and Analogy in
Mathematics and Patterns of
Plausible Inference. (Counts
as one Selection.)
LisT PrICE $9.00
MEMBER’S PRICE $6.50

MATHEMATICAL PUZZLES
& DIVERSIONS, by Martin
Gardner. Two vols. From
hexaflexagons to 4-dimen-
sional ticktacktoe—442 pages
of superb recreatlon and
mental exercise. (Counts as
one Selection.)
L1sT PRICE $7.45
MEMBER'’S PRICE $5.75

SYMBOLS, SIGNALS AND
NOISE, by John R. Pierce.
Concepts and applications
of electrical and mechanical
transmission of messages,
machine behavior and
physics. LisT PRrICE $6.50

MEMBER’s PRICE $5.50

ASTRONOMY, SPACE
AND EARTH

A HISTORY OF ASTRON-
OMY, by Antonie Panne-
koek. The distinguished
Dutch astronomer’s account
of the development of as-
tronomical thought — from
the achievements of the
ancients to the contributions
of modern cosmologists.
LisT PRICE $9.75
MEMBER'’s PRICE $6.95

ASSAULT ON THE UN-
KNOWN, by Walter Sulli-
van. First complete account
of the achievements of the
IGY. 474 pages; 39 illustra-
tions. LisT PRrICE $7.95

MEMBER’S PRICE $5.75

SPACE FLIGHT REPORT TO
THE NATION, edited by
Jerry & Vivian Gray. First
official account by 19 au-
thorities of our accomplish-
ments to date, where we
stand in our race with
Russia, how space flight is
altering life on earth.
LisT PrICE $8.50
MEMBER’S PRICE $6.50

PHYSICS & CHEMISTRY

NATURE OF THE CHEMICAL

BOND, by Linus Pauling.

The Nobel Prizewinner’s

brilliant presentationof mod-
ern structural chemistry.

LisT PRICE $8.85

MEMBER'’S PRICE $6.50

MATTER, EARTH AND SKY,
by George Gamow. “A most
fascinating journey of the
entire physical cosmos, from
the infinitesimal to the in-
finite. Up-to-date, compre-
hensive aind authoritative.”
William L. Laurence.
LisT PricE $10.00
MEMBER’S PRICE $ 6.50

RELATIVITY FOR THE MIL-
LION, by Martin Gardner.
A brilliantly lucid “tour”
of the universe as revealed
through Einstein’s theories of
relativity by the noted con-
tributor to Scientific Ameri-
can. LisT PRICE $6.95

MEMBER’S PRICE $5.75

CHAMBERS'S TECHNICAL
DICTIONARY, ed. by Tweney
& Hughes. Revised 3rd Edi-

© 1962 SCIENTIFIC AMERICAN, INC

tion of the reference work

in its field. 1028 pages, over
60,000 entries.

List PrICE $7.95

MEMBER’S PRICE $5.95

MATHEMATICAL METHODS
FOR DIGITAL COMPUTERS,
ed. by A. Rolston & H. Wilf.
26 chapters covering mathe-
matical analysis of computer
techniques plus detailed
methods for practical use.
LisT PrICE $9.90

MEMBER’S PRICE $6.75

PHYSICAL PRINCIPLES OF
ASTRONAUTICS, by Arthur
I. Berman. Thorough expo-
sition including physics of
solar system, dynamics of
space flight, dynamical as-
tronomy. L1sT PrICE $9.25

MEMBER’S PRICE $6.95

SPECIAL SELECTIONS

A STYLE MANUAL FOR
TECHNICAL WRITERS AND
EDITORS, edited by S. J.
Reisman. Easy - to - follow
guide to every aspect of
planning, writing, editing,
designing and producing
technical communications of
all types. LisT PrICE $8.00

MEMBER’S PRICE $5.95

MANKIND EVOLVING, by
Th. Dobzhansky. “...the
most judicious scxennfu.
treatise that has ever been
written on the nature of
man.”” George Gaylord
Simpson.  LIST PRICE $7.50

MEMBER’S PRICE $5.95

VOICES IN STONE, by Ernst
Doblhofer. Procedures and
methods, successes and fail-
ures in deciphering the writ-
ten remnants of lost civiliza-
tions. LisT PRICE $6.00

MEMBER'S PRICE $4.95



