





is powerful incentive for an airline to keep its jet AIA MANUFACTURING MEMBERS
fleet airborne, even during the less popular flying hours. ' '

Similarly, the jet’s capaciousness supplies incentive to Abex Corporation
fill the jet. To keep jets filled i Aot Gone
Jet. To keep jets fille anc.l airborne, scheduled Aerojet-General Corporation
11119 S. airlines began experimenting during the early "ﬁemn% In.c.D. sion. Philco-Ford Corporati
. i . i . eronitronic Division, Philco-Ford Corporation
f 60s Wltll: fbroad based promotional fares: family — ~ " Aluminum Company of America
ares, youth fares, then military standby fares, and, Amphenol Connector Division
this year, “discover America” fares which offer a 25 AAmghe“l.le’-
percent roundtrip discount to adults beginning a trip B;‘,’e?h ,{’;?;?i?f‘gﬁ,pomﬁon -
one week and returning the next. Bell Aerospace Corporation
As the Air Transport Association puts it: “To a ~=' - _, %: gg’e‘;‘,f’; ng,%’;’;:?‘m -
substantial extent the reductions in the price of air. .-« "~ Cessna Aircraft Company '3
travel reflect the wider and wider introduction and Chandler Evans, Inc. =~ _ ‘
popularity of promotional fare plans of various types Sontrol Systems Division of ‘
. . . Airline passengers in 1966 paid a total of over Continental Motors Corporation
$250 million less than they would have paid for the Cook Electric Company . '
y p Curtiss-Wright ‘Corporation : ’\

tsa:rnll‘e tf,ips at average fare levels prevailing four years Fairchild Hiller Corporation : l\
ier. ot
The promotional fare plans are not aimed solely
at socioeconomic groups that can afford to fly, and
do fly, such as $10,000-a-year-plus professional men
(65 percent have been passengers), or businessmen
in general (63 percent have been airborne). Airlines
are also anxious to use promotional fares to lure
aboard their jetliners those, say, with incomes less |
than $5,000 (only a 24 percent airline use factor),
such as servicemen.
According to Trans World Airlines, the proportion
of adult American flyers in the population has climbed
four percentage points in each of the past two years.
“If this growth trend continues,” says .Robert W.
Rummel, TWA’s vice president for planning and re- (
search, “60 percent of the adults in the;, United States
will have taken an airline trip by 1970.” )
What's responsible? “The growing legions of air
passengers testify to the drawing power 9f the jet
transport, coupled with imaginative marketing efforts |
on a large scale,” says Mr: Rummel. ) ) 5
Had jetliners brought increased risk to air travel, ‘
no such growth trends wouldj l?e measural.)le.now. As f
it is, however, the record built .by the ]etlgners has \
';wl " d the industry sell air travel in terms of its safety.
AT& President Stuart Tipton beg?n a recer}t speech:
«] suspect there are some of you in the audience who
afraid to fly. Well, let’s talk about fear. There ;
3::5 a time when the airlines didn’t like to talk about
it...” : :
: afety, the ATA president said that auto
Talkieg o cl;}i,ming about 52,500 American lives per

acc"?e’lgstarze4oo of us are killed accidentally by fire-
year; tt}?at 7200 drown while swimming or boating;
arms; on bi,cycles cost 680 lives last year. About
1ihla2t 0%‘6 Americans died accidentally in 1966, and of

the total, exactly 59 died in fatal airliner accidents,

he said. charge airline pilots the same

Insurance companies
life insurance rates as they charge bank tellers. Insur-

ance companies know, Mr. Tipton said, that you now
have a 99.9995 percent probability of completing any
scheduled flight safely. For automobile trips, divide
that number by seven.

Fear of flying is succumbing to superior logic in this
ninth year of the jet age.
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Three hours and 12 minutes after launch came one
f the primary Apollo 4 tests: the first re-start of a J-2
gine and a stimulated translunar injection. This is an
Solute must for a lunar landing mission; without the
200,000-plus pounds of thrust the engine of the McDon-
mell Douglas S-IVB third stage provides, the Apollo
$pacecraft cannot leave earth orbit and start for the moon.
. 'To the motorist accustomed to starting his car with
@ flick of the wrist, a re-start might seem a simple pro-
Position. In space, with an engine as powerful as the J-2
and a fuel as tricky as hydrogen, it is a difficult and
sxacting operation which requires a complex of special
€quipment. The process involves, first of all, recondi-
ning the engine to the supercold (more than 400
grees below zero) temperatures of its propellants after
2 three-hour “rest period” during which the engine was
t in use; this is accomplished by running the Kquid
drogen and liquid oxygen propellants through the
pine bleed system. Helium was also routed through
the engine to purge it of contaminants left over from the
first.S-IVB burn, which kicked the spacecraft into earth
orbit. A small “start tank,” which provides gaseous
ydi'ogen for the starting procedure, had to be re-filled.
Then there was a firing of the S-IVB’s ullage rockets,
#o. give the propellants a headstart into the pumps.
Finally, an automatic system checked temperatures,
essures and other conditions, verified that the engine
,E;?.s ready and so informed the Instrument Unit, which
initiated the start. On Apollo 4, the J-2 came through
hit licated procedure without a hitch and its thrust
boosted the spacecraft into a flight path that simulated
the start of a moon journey, an elliptical orbit with a
high point more than 10,000 miles from earth. The
S-IVB stage, its job now complete, separated from the
stack to leave the spacecraft on its own.

" Next came the first of two tests of the spacecraft’s
own propulsion system, the Aerojet-built 21,500-pound
" thrust Service Module engine which handles all of the

major velocity changes on a lunar mission — course
corrections, injection into orbit around the moon and
moon-escape Ianeuvers. This engine differs from the
big propulsive units of the three stages in a number of
ways other than power oufput, notably in the fact that
it has no pumps for the force-feeding of propellants
into the engine; it depends on the pressure of helium
gas introduced to the tanks to push the fluids into the
thrust chamber. In addition, the propellants are “hyper-
golie,” that is, the fuel and oxygen ignite on contact with
each other and therefore need no ignition system. This
combination of pressure-feeding and hypergolic propel-
lants theoretically would permit the engine to operate
in weightless space without a preliminary ullage ma-
neuver. To check the validity of the theory, NASA con-
ducted the first burn of the Service Module engine on a
ﬁo-u_llage basis. Like everything else on Apollo 4, it
was successful.

The 25-second first burn also changed the apogee of
the' orbit, boosting it to more than 11,000 miles. For the
next several hours, Apollo followed a roller-coaster
trajectory up to the apogee, then “downhill,” back
toward earth, accelerating as it would on a lunar return.
During this lengthy period, NASA conducted a “cold
‘sQa)k” test in which the spacecraft was so oriented that
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the heat shield was out of the sunlight and subjected fo
intense cold. The idea was to “precondition” the heat
shield, to make it colder than it would normally be on
re-entry, widening the temperature range and thereby
providing the most severe re-entry test pos§1b1e.
Throughout the, climb and descent, the Apollo environ-
mental control system also underwent a thoropgh ?heck-
out under conditions approximating those it will en-
counter on a lunar mission. ~ .

Apollo’s downhill acceleration was not sufficient to
speed the spacecraft to lunar return velocity of 25,0(?0
miles, the requirement for the heat shield test. To attain
the necessary velocity, the Service Module engine was
fired for the second time. This firing was in itself an
important test, for at four and a half minutes it repre-
sented the longest burn of the engine to date.

As it plunged through the atmosphere in the all-

important re-entry test, the Apollo Command Module

reached temperatures of more than 5,000 degrees Fahr-
enheit. Nonetheless, the heat shield proved up to the
task of protecting the capsule’s interior; in fact, pre-
liminary study of the recovered capsule showed that
heat damage was less than anticipated. The re-entry
test, of course, involved not only the heat shield, but a
study of the other Command Module systems under the
greatest heat loads they will ever experience. Of par-
ticular interest to the Apollo 4 team was the perform-
ance of the guidance and navigation system, which must
direct the Command Module to a precis¢ landing spot.
The near-bullseye it scored demonstrated its ability to
survive the rigors of re-entry. '

These are but a few of the great many tests that made
up Apollo 4, but they underline the great wealth of infor-
mation and experience such a flight produces. The big,
overall lesson learned from the mission is that the
Saturn V/Apollo basic design is right, that the vehicle
can send men to the moon and bring them back. That
may seem a superfluous statement in view of the years
of development and test that went into the Apollo pro-
gram, but it is an inescapable fact that, until a system
design is actually tested in space it is only theoretically
sound, not positively sound. The proof of the design
gives NASA wider latitude in correcting the new prob-
lems that will inevitably crop up; in seeking solutions,
NASA can place emphasis on factors other than design.

Apollo 4, however, by no means resolved all the
myriad problems of sending men to the moon. A goed
many major tests remain. The Lunar Module, for ih-
stance, has not yet flown. Some equipment already
checked must be rechecked in advanced versions, for
example, the Command Module itself and its para-
chute landing system. A variety of internal equipment
must be further verified. '

_ The Lunar Module will get its first flight test early
in 1968, launched by an Uprated Satuin I rather than
by the Saturn V superbooster. After that there will be
a second Lunar Module test and two unmnanned Saturn
V tests before the start of manned Apollo flights in
mid-1968. The NASA/contractor teams would like to
believe that each of these missions, will be another “text
book™ shot, but realistically they cannot expect that
they will. Says NASA’s Schneider, “Apollo 4 is a tough
act to follow.” == JAMES J. HAGGERTY





























































































































































ing to move forward technologically is economic. Ap-
plied science is basic to the advance of our standard
of living — both in the generation of wealth and the
distribution of it. Our economic growth is not brought
about by everyone working that much harder; in fact
man works less — it comes from accomplishing more
with the work that each man does.

Actually we have become accustomed to talking in
terms of spin-offs from scientific discovery and experi-
mentation which result in new employment and busi-
ness activit?.\ The television industry was spun off the
microwave radar developments prior to World War II.
Lesser spin-offs like Teflon fry-pans are constantly
occurring from science and engineering, and they will
continue to occur, along with more substantial ones.

Our space people can get very enthusiastic about the
long range prospects for bigger effects. They envision
a whole new order of communication in which the
individual has his pictophone console that will connect
hu'n with anyone anywhere via the satellites, and will
brmg in any type of needed information whether library
rese.arch or an orbital view of fish migration in the
Caribbean or crop growth in Kansas.

But politically speaking, the spin-off theory is not a
tangible package to sell. You can’t tell in advance in
just what direction spin-offs are going to occur. You
have to accept the basic proposition that they do occur.

-There is another compelling reason for maintaining
at-least the present level of technological effort in this
Country. I think it is categorical that as you increase
the performance of an article or a system to meet the
demz_mds of society, each increment of improvement
requires progressively more effort, until finally you
}'each a point where the constraints fence you in. Then
1t takes a breakthrough to get outside the fence. . . .

All government R&D should not be oriented to
Provable ends. The military is not advancing techni-
cally as it should. There is still a place for the experi-

mental model. A national security policy that does not’

insure technological leadership is not security — it is
security. L

In the realm of truly open-ended endeavors, we have
the space program as a classic example. We ought to
make sure that its ends stay open, at least in part, after
the current goal of the moon is reached. Quite apart
from the direct returns in scientific discovery and the
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continuing technological spin-offs, I have referred to, 1 1\
think there are unseen revenues from the space effort in i
the stimulus it provides to youth, to education and to.
the enlarging of all our perspectives. It tends to push
away the limitations to thinking, at a time when sociéty
is crowded, frustrated and depressed by limitation. Tt
provides a fresh outlook which is precisely the typé of
outlook that must be taken toward solving our preblems
on the surface of the earth. . . .

Of course social and urban problems are more
difficult to solve than those such as food production,
communication, transportation, etc., that industty has
more successfully dealt with in the past. The present
urban situation presents a very muddy picture, with 4
fantastic array of interrelated problems and pressuzes,
Someone has to perform a clarifying role if we: are
have novel and effective approaches to these probl
It may be that the key universities can serve in ¢
capacity and become the catalysts to action. Cal Tech'S:
planned approach to humanities is certainly a step: in
the right direction. I commend the institute for its
“Science for Mankind” program. :

I'd like to get back to the proposition that tech=
nological research and development is fundam (o}
the process of moving ahead on all. fronts. The
tion arises, whose responsibility is this basic adyan
The government’s? The academic community? Ind
try’s? I think it is inescapable that all th 1S
involved. The government must certainly be
and in a strong supporting role. National go
stake. These goals have to be a few marks higher than
can be met with known technology. Therefore, the
element of venture or risk cannot be ecotpletely
removed from government policy any miore thah it cafi
from corporate policy if we are to. remain vislle and
dynamic as a nation; avoiding stagnation decline,

Basic research is a ‘venture, space exp
venture. The SST is a venture. If ¢
fully see the end rewards before starting, @ g
start. But we might ask ourselves how much credit =~
we deserve as a nation for the original desision t0
establish moon landings as & national goal, Or did we
do it mainly under the goad of Seviet competition?
The Soviet Union established it ag & aational ebjee-.
tive and we responded, We are dependent on i

opinion for nationial objectives, smd the Sovist chels
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