SPACE PROPULSION

NASA

Electrostatic engine—from thousands of volts, thousandths of pounds.

The Gentle Rockets

Today’s chemical rockets are slow, cantankerous fuel
hogs compared to the electric and nuclear ones to come.

by Jonathan Eberhart

The gigantic chemical rockets that
provide all the push in space today and
will soon be carrying men to the moon
may someday be playing second fiddle
to flying nuclear powerplants full of
gases so hot that they’re not even
gases anymore.

The thermonuclear rocket engine is
so far in the future, however, that there
are hardly even any sketches of ways
to build one, let alone working models.
Not the least of its problems is that
its superconductive coils must be kept
cooled down to almost absolute zero,
while only inches away is a raging
inferno of almost a billion degrees F.

Other nonchemical engines for space
are not so distant, nor are their goals.
While fission and fusion rockets are
being proposed to cut down trip times
to the outer planets in 15 or 20 years,
there will soon be a pressing need for
an engine that can provide only a tiny
amount of thrust, but do it for years
on relatively little fuel.

The more practical the things that
are done in space—communications,
weather-watching, geodetics, even pros-
pecting—the more concern there will
be for satellites that can stay in orbit
for years, given only an occasional
slight nudge to prolong their stay or
point them in a different direction.

The number of practical satellites
is growing rapidly. “Space has to be-
come more a part of the country and

the world, and not just the business of
the scientist,” North American Aviation
rocket scientist Krafft Ehricke warns,
“if we don’t want to tremble every
time the State of the Union comes
around—since everything,” he adds
wryly, “is more important than the
space program.”

Space was barely mentioned in
this year’s State of the Union address
by President Johnson, but research on
nonchemical engines for space is going
on in both government and industry
laboratories.

A leading candidate for the small
but steady “station-keeping” jobs is the
electrostatic thruster, whose miniscule
push is often measured only in micro-
pounds. The National Aeronautics and
Space Administration is considering
them both for satellite use and for atti-
tude correction on long interplanetary
flights. One engine at NASA’s Lewis
Research Center has been purring away
for over 8,000 hours, more than enough
for missions lasting several years.

Powered by solar cells, these engines
could be as much as seven times as
efficient as present leading chemical
boosters. The efficiency rating, called
specific impulse, of electrostatic en-
gines could be as high as 3,000 sec-
onds, compared to 460 for a rocket
like Centaur, one of today’s most effi-
cient.

There are two types of electrostatic

engines, one of which could not have
been built, even if scientists had known
how, when NASA awarded its first
contract in the field nine years ago.
Called a contact ionization engine, it
requires its cesium fuel to be passed
through a kind of porous tungsten that
simply could not be made with 1958
technology. The heated tungsten strips
an electron from each cesium atom,
leaving a high-pressure stream of ions
which is then accelerated through elec-
trically charged screens and ejected
through a nozzle to produce thrust.

The other variety works on a princi-
ple called electron bombardment. The
fuel, mercury vapor this time, is shot
full of electrons from an anode right
in the plasma chamber. The incoming
electrons knock loose other electrons
attached to the mercury atoms, leaving
an jonized stream to be accelerated out
the nozzle.

One problem presently giving engi-
neers nightmares, however, is the power
supply. There are so many different
voltages and currents needed to run the
engine that Hughes Aircraft, its princi-
pal investigator, has not been able to
make a power supply smaller than
about 20 by 25 inches.

A different approach to steady, low-
thrust engines is the electrothermal
thruster, which despite its name is the
simplest rocket device this side of a
Roman candle. It simply heats its fuel
past the gas stage into a plasma, and
the resulting high pressure does the
rest.

The Applications Technology Satel-
lite now in orbit carries an experi-
mental electrothermal engine called a
resistojet, in which the fuel is ionized
by passing it back and forth through
tubes over a heating element. The
efficiency of the tiny rocket is to be
measured by minute changes in the
satellite’s orbit.

An equally direct technique is the
arcjet, which does not even use the
resistojet’s internal plumbing. Instead,
an electric arc is exposed directly to
the fuel. The arcjet may prove to offer
somewhat longer life, since its cathode
runs right down the middle, keeping
the intensely hot ion stream from
damaging the chamber walls.

A modification of the electrothermal
engine is the electromagnetic engine,
in which the outgoing ions are given
an extra kick by a magnetic field. The
problem here is that the engine de-
signer must either put up with a heavy
magnet to obtain a strong enough ex-
ternal field, or else use atomic power
to sustain the internal field of the arc-
jet itself.

Talk of atomic power turns rocket
scientists into visionaries. Regularly-
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. . . Gentle rockets

scheduled earth-moon shuttles, orbit-
ing tourist hotels and seven-man hops
to Mars have all been suggested as
being within the realm of cheap, relia-
ble nuclear rockets. Kiwi, NERVA and
SNAP are all NASA programs cover-
ing the design and application of atomic
engines in space.

The specific impulse of a typical
solid-core fission engine might have a
rating of 850; a liquid-core engine
1,500; and a gas-core 2,500, compared
to Centaur’s 460.

The solid-core engine is the only one
that shows real promise at its present
stage of development.

Though the other two types have
higher specific impulse and thrust
ratings, research on them is lagging and
they both suffer from a problem that
has scientists at least temporarily
stymied: they “leak.” By their very de-
sign, as much as one-tenth of their
exhaust stream is the radioactive ura-
nium 235 that provides heat. Their
higher efficiencies, however, are possi-
ble because they can operate at tem-
peratures that would melt the graphite
core of a solid-core engine.

“You could throw away 10 percent
by weight of uranium and still wind
up better than a chemical rocket,”
says NASA’s Frank Rom. “What wor-
ries me is conservation of mnatural re-
sources—and air pollution.”

A possible remedy may be the “nu-
clear light bulb,” a gas-core engine in
which fuel and propellant are kept
separate by an internally-cooled wall.
United Aircraft Corp. thinks this may
be the key to stopping leaks.

Though free from this difficulty,
solid-core rockets are still a long way
from production. “The only way we’ll
ever use a solid-core nuclear rocket is
for large-scale exploration of the
planets,” says Rom.

The ultimate step is the fusion en-
gine. Prodigious temperatures, pres-
sures of 1,000 atmospheres and a vir-
tually nonexistent technology may rele-
gate the first workable fusion rocket
to a spot near the turn of the cen-
tury, but possible efficiencies as high
as 5,000 seconds make the goal worth
pursuing. Scientists, in fact, have come
up with ideas such as a 40-day stay
on Mars using a fusion engine de-
veloping 130 million watts, enough to
light a small city. Thrust would still
be small, but since, unlike chemical
rockets, the engine would fire con-
tinuously and thus be accelerating
throughout its journey, it could more
than make up for the powerful but
brief blasts of today’s upper-stage
boosters, some of which can push 200,-
000 pounds.

KEEP PACE WITH SPACE AGE!

WOODEN SOLID PUZZLES
Here's a fascinating assortment of
12 different puzzles to provide
hours of pleasure and stimulate
ability to think and reason. Ani-

mals and geometric forms. Take
them apart and reassemble them.
Lots of fun for the whole family—
young and old. Will test skill, pa-
tience and ability to solve prob-
lems. Order yours now. $3.00 Ppd.
Order No. 70,205Q. Edmund Scien-
tifie Co., Barrington, N.J. 08007.

LOW-COST GEM TUMBLER
Loads of fun. Fascinating hobby.
Polish inexpensive stones you col-
lect or buy. Make jewelery of all
kinds. Inexpensive, easy. Just put
stones in tumbler barrel with water
and abrasives of decreasing coarse-
ness, and let them tumble. Quiet,
easy to clean. Overall 6'2” x 12”7
x 12',” high. Wt. 17 Ibs. $28.95
Ppd. Order No. 80,096Q. 6 Ib. rock
assortment (10 types), $9.00 Ppd.
Order No. 70,868Q. Edmund Seien-
tific Co., Barrington, N.J. 08007.

“FISH’’ WITH A MAGNET

Go treasure hunting on the bot-
tom! Fascinaitng fun & sometimes
profitable! Tie a line to our 5-lb.
Magnet—drop it overboard in bay,
river, lake or ocean. Troll it along
bottom—your ‘‘treasure’’ haul can
be outboard motors, anchors, other
metal valuables. 5-1b Magnet is
war surplus—Alnico V Type—
Gov't cost $50. Lifts over 150 Ibs.
on land—much greater weights
under water. $12.50 Ppd. Order

No. 70,571Q. Edmund Scientific
Co., Barrington, N.J. 08007.

GIANT SURPLUS BALLOONS
“Balls of fun’ for kids, traffic
stoppers for stores, terrific for am-
ateur meteorologists. Create a
neighborhood  sensation.  Great
backyard fun. Exeiting beach at-
traction. Amateur meteorologists
use to measure cloud heights, wind
speed, and temp. Made of heavy
black rubber. Inflate with vacuum
cleaner or auto air hose; or locally
available helium for high rise. 8
diam. $2.00 Ppd. Order No. 60,-
568Q. Edmund Scientific Co.,
Barrington, N.J. 08007.

AMERICAN MADE

“77 OPAQUE PROJECTOR
Projects illustrations up to 3” x
3!,”—enlarges them to 35" x 307
if screen is 6! ft. from projector,
larger pictures if screen is further
away. No film or negatives needed.
Projects charts, diagrams, color or
black-and-white. Operates on 115
volts A.C. current . . . 6 ft. exten-
sion cord and plug included. Size
12” x 87 x 4%,” wide. Weight |
Ib. 2 ozs. Plastic case $7.95 Ppd.
Order No. 70,199Q. Edmund Scien-
tifie Co., Barrington, N.J. 08007.

NEW MODEL DIGITAL
COMPUTER
Solve problems, tell fortunes, play
games with miniature version of
giant electronic brain! Adds, sub-
tracts, maultiplies, shifts, comple-
ments, carries, memorizes. Colored
plastic parts easily assembled. 12”
X 32”7 x 434”. Inel. step-by-step
assembly diagrams, 32-p. instrue-
tion book covering operation, com-
puter language (binary system)
programming problems & 15 ex-
periments. $5.98. Ppd. Order No.
70,683Q. Edmund Scientifie Co.,
Barrington, N.J. 08007.
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CRYSTAL GROWING KIT
Do a crystallography project—il-
lustrate with large beautiful erys-
tals you grow yourself. Study &

SEE MANNED MOON SHOTS, SPACE FLIGHTS, CLOSE-UP!

NEW EARTH SCIENCE
ACTIVITIES KIT
Now perform 88 experiments with
this complete classroom experi-
mental ‘‘lab.’’ Exeiting introduc-
tion to Geology, Mineralogy, Pa-
leontology. 1Incl. 60 specimens—
rocks, minerals, fossils up to 400
million yrs. old. Contains 20 scien-
tific instruments and lab materials
incl. black light lamp, polarizing
film, beam balance, contact goni-
ometer, blowpipe, scale, alcohol
lamp, chemicals, etc. 2 instr. book-
lets. $24.95 Ppd. Order No.
70,578Q. Edmund Scientific Co.,

Barrington, N.J. 08007.
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JUNIOR ROCKET AND
SPACE CAPSULE
Parachute-equipped Rocket and
Space Capsule soar to 600 ft., then
with 2 parachutes, float to earth.
Fully controlled—11 time delays to
choose from. Launch again and
again. No chemicals, explosives.
Extra strong rubber sling provides
power. Capsule and parachute,
rocket body and parachute launch-
ing pad, sling and instructions.
$3.50 Ppd. Order No. 70,845Q.
Edmund Scientific Co., Barring-

ton, N.J. 08007.

WAR SURPLUS
ELECTRIC GENERATOR
Brand new Signal Corps Electric
Generator. Generates up to 90 volts
by turning erank. Use in high im-

d relays. Charge ground and

demonstrate factors affecting
growth, refraction, pi lectric ef.
feet, symmetry, etc. Incl. book
“Crystals & Crystal Growing’’

plus generous supply of chemicals
to grow 7 large display crystals
(clear, purple, blue-green, green
and red). $9.50 Ppd. Order No.
70,336Q. Edmund Scientific Co.,
Barrington, N.J. 08007.

bring up night erawlers for bait or
study. 2 Alnico Magnets alone
now worth more than original gov't
cost of $15. Wt. 2 Ibs. $6.95 Ppd.
Order No. 50,225Q. Mtd. with
light, to demonstrate electricity.

$11.95 Ppd. Order No. 50,365Q.
Edmund Scientific Co., Barrington,
N.J. 08007.

SCIENCE TREASURE CHEST

Hundreds of thrilling experiments
plus a Ten Lens Kit to make tele-
scopes, microscopes, ete. Inel.: ex-
tra powerful magnets, polarizing
filters, compass, one-way mirror
film, diffraction grating, many oth-
er items. $5.50 Ppd. Order No.
70,342Q. Deluxe Chest: Above plus
crystal growing kit, eleetric motor,
molecular set, and lots more.
$10.50 Ppd. Order No. 70,343Q.
Edmund Scientifie Co., Barring-
ton, N.J. 08007.

GIANT FREE CATALOG
Completely new (967 Catalog. 148
pages packed with nearly 4,000 un-
usual bargains. Exciting new cate-
gories. Many new items. 100’s of
charts, illustrations. Many hard.
to-get war surplus bargains. Enor-
mous selection of telescopes, miero-
scopes, binoculars, magnets, mag-
nifiers, prisms, photo components,
etc. For hobbyists, experimenters,
workshops. Shop by mail. No sales-
man will call. write for Catalog
“Q” to Edmund Scientific Co.,
Barrington, N.J. 08007.
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