If Exact Time and
Good Looks
Aren’t Enough

$21.
SHEFFIELD
WORLD TIMER
Is The Watch
For You

Pick any world capital and this amazing
watch will tell you immediately what time it
is there. In addition, the World Timer has an
automatic calendar and features an elapsed
time indicator. This Swiss-made masterpiece
is shock-resistant, anti-magnetic, has un-
breakable mainspring, and is completely
waterproof. With comfortable tropic band.
Supply is severely limited, so please order
now for prompt shipment. (Limit 2 per
customer.)

r—=—=—=— NOW IS THE TIME — = = = —
| Mail to HAVERHILL'S, 526 Washington St. |
| San Francisco, Calif. 94111 SN-0408 |
Please send me_______ Sheffield World |
Timers @ $21. | must be delighted or | |
may return for refund within 10 days.
Guaranteed for 1 year.

0 My check, incl. $1 postage & insur-
ance enclosed. (Calif. add 4% sales tax)
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of Exploring §
Outer Space e

All DYNASCOPES, lneludlnf this
superb RV-6, 6-inch available
on easy terms!

Now it's easy to join the thousands of serious
amateurs who have discovered the excitement
of exploring our mysterious universe. Your en-
joyment begins right from the start, yet the
challenges and rewards go on for years! And
it's a hobby that can be shared at modest cost.

Choose from a Full Range Of
DYNASCOPES® 4” Starting at $49.95

Picking a telescope to fit your needs and your
pocketbook is simple when you select a
DYNASCOPE — the same instruments used by
more than 150 schools, colleges and observ-
atories. Prices begin as low as $49.95, and
your satisfaction is guaranteed by a full-
refund warranty.

FASCINATING GUIDE
YOURS FREE!
Read these valuable facts be-
fore buying any telescope. Mail
coupon or postcard for your
complimentary copy of this
helpful guide.

Criterion Manufacturing Co.
331 Church St., Hartford, Conn. 06101
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NUCLEAR ROCKETS

To Go to Mars

Space planners are battling Congressional doubts
to set the stage for exploration beyond the moon.

by Carl Behrens

The U.S. may have no formal mis-
sion at present to go to Mars, but
space people are already tooling up
to build the machine that will get them
there—the nuclear-powered rocket.

Recent success in the rocket pro-
gram has stimulated President John-
son to ask Congress for $91 million
this year (SN:3/11) to push the de-
velopment of the interplanetary pro-
pulsion system.

The Administration’s enthusiasm
is not shared by all Congressmen. Rep-
resentative Chet Holifield (D-Calif.),
vice chairman of the Joint Atomic
Energy Committee, says he is “getting
cooler” about the whole space pro-
gram, and particularly the nuclear
rocket project. Senator John O. Pas-
tore (D-R.1.), committee chairman,
wonders if anything more than “intel-
lectual curiosity” is behind the plans
to spend $1.5 billion over the next 10
years on the interplanetary rocket.

The critics of the program are not
challenging the idea of space explora-
tion. As Representative Holifield puts
it, the question is not whether to sup-
port the project, but whether to spend
so much so soon on it—particularly
when the Vietnam war is cutting into
domestic programs which affect local
politics.

The success of the program at pres-
ent provides the answer to that ques-
tion. With the feasibility of the con-
cept all but proven, the Mars landing
seems an inevitable next step, even
if the mission has not yet been defined.
That being the case. the smart thing.
say the space planners, is to push
the program ahead now, instead of
waiting until the rocket is needed and
then spending a lot more on a crash
program.

The nuclear rocket has not always
looked like a sure thing. A few years
back, in late 1962, one of the test
rockets shook so much that its nuclear
reactor core began to disintegrate and
pieces of burning graphite shot out
of the exhaust. It was 18 months before
another rocket was fired.

When tests were resumed in 1964,
though, the vibration problem had been
solved, and no other serious ones have
cropped up.

In February, a medium-sized test
rocket, the Phoebus 1B, ran at full
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power, 1,500 megawatts, for 30 minutes
—a startling length of time in rocket-
burning circles. It was also started, stop-
ped, and restarted a number of times.

The next step—for which Congress
is now being asked to pay—will be
a scaled-up version of the rocket, Phoe-
bus II, which would produce 5,000
megawatts of power for the same 30
minutes. This is the rocket that could
take men to Mars.

The main reason that rocket engi-
neers are confident they can build the

NASA
Phoebus IB: going strong on earth.

bigger machine is that there are no
far-out theoretical problems to be
solved. The nuclear rocket combines
the technology gained in developing
nuclear power reactors with the engi-
neering principles involved in a con-
ventional rocket. The only difficulty is
that of making the two technologies
compatible, and the tests so far have
shown that this is possible.

The conventional chemical rocket
works by pumping vast quantities of
fuel and liquid oxygen into a nozzle,
where the fuel burns. The tremendous
heat produced gives the burned fuel
molecules the energy to shoot out the
end of the nozzle, giving a reaction
boost in the opposite direction.
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Major difficulties in building big
rockets have been in developing mate-
rials and components, like valves and
electronics, that could stand the ex-
treme cold of liquid oxygen and the
extreme heat of the thrust chamber.
Another key component is the pump,
usually powered by a turbine driven
by hot gases, that has to dump the
propellants into the thrust chamber in
gargantuan gulps.

In the nuclear rocket, the fuel and
oxygen are replaced by a single propel-
lant, hydrogen, which is not burned,
but instead is heated by being passed
through the core of a nuclear reactor.
The hydrogen is carried in liquid form
in the rocket tanks. A turbine pump,
like the one in a conventional rocket,
pumps the hydrogen through the re-
actor. The controlled fission in the re-
actor gives off enough heat to raise the
temperature of the hydrogen to 1,980
degrees C. By then an extremely ener-
getic gas, the hydrogen shoots out of
a thrust chamber, giving thrust to the
rocket just as do the burned gases in
a conventional rocket.

lant. On the other hand, the engine it-
self is much heavier than a chemical
rocket. Where weight really counts—
getting into orbit—the nuclear engine
is outclassed by the lighter conven-
tional burner.

But as a second or third stage, on
longer interplanetary trips, the higher
efficiency of “the long-firing nuclear
rocket comes into play importantly. It
can produce a smaller amount of thrust
—250,000 pounds for the yet-to-be-
developed 5,000-megawatt Phoebus—
for a half hour. The Saturn booster, in
comparison, puts out 7.5 million pounds
for only a few minutes.

Despite the success of the develop-
ment program so far, a trip to another
planet is not likely before the mid-
1980’s. It’s a long road from test-firing
a prototype model on the ground, with
propellant tanks and other components
separate and protected from the test
engine, to putting everything into a
package that will fly.

Although some of the experience
gained in flying conventional rockets
will be of use, the nuclear reactor is

Union Carbide

From the forge: 3-ton nozzle for Phoebus Il, largest forging of special alloy.

It is the use of hydrogen that gives
the nuclear rocket an advantage over
chemical rockets in the payload it can
carry. One measure of rocket effici-
ency, called specific impulse, is the
amount of propellant—hydrogen in
this case—that has to be ejected from
the nozzle per second to get a given
amount of force or thrust. The faster
the propellant moves out of the nozzle,
the bigger the specific impulse; and the
lighter the propellant particles, the faster
they move. Hydrogen, being the light-
est element, can move out much faster
than the hydrocarbon molecules that
are used in chemical rockets.

The nuclear engine’s good mileage
means that it needs to carry less propel-

bound to cause unexpected problems.
For one thing, rocket components will
have to be carefully shielded from re-
actor radioactivity. For another, the
heavy reactor, with its shielding, will
be unwieldy and unbalanced—the
hydrogen tanks are light in comparison.
More problems are caused by the great-
er temperature extremes—liquid hydro-
gen, in the nuclear rocket, is at minus
253 degrees C., compared to liquid
oxygen in the chemical rocket, at minus
183 degrees C.

All of these problems—some of them
solved, some not even near testing—
mean that building a Mars rocket will
be a long job. Which is why the space
enthusiasts want to get started now.
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Automatic Repeating
Magnelic Tape
Magazine ... .

Audio Vendor instantly
converts your standard tape
recorder into a continuous
loop repeater. You can
Record-Playback-Erase.

Ideally Suited to Record ...
stereo music « data for
sleep learning * language
study material « or whatever
repetitive message or
music suits you.

COUSINO PRODUCTS OF

ORRTRONICS, ...

P. 0. BOX 864, DEPT. G « TOLEDO, OHIO 43601
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