Where are the forest fires-on Earth? ' ' .
Where are blight or other diseases attackung forests and agricultural crops?
Where are mineral and oil resources likely to be found? : 9
Where is the pollution of air and water occurring? S 8 O
Where" are the .fresh water resources on Earth? :

Where |s urban growth occurrrng, and how rs it impactmg on the environment?

.Today, for the first time in the history of this, planet e e v - L
Earth,. we have the tools to find answers to these and : ' AN BT e P
other vrtal questions because mankind has begun to get . : o ; oo
- information that will ﬁt into- the first global inventory . : : :
. ofresources. - - . : s
: “There is nothing new “about havmg a plclurc of a BN o A MR L
portion of the Earth taken from high above it. 8 X .
, What is new is'the fact that today. cameras and other : o
sensors are providing single pictures that provide more:. ' #
.2 - information than. formerly could' be gleaned from up
& to 1000 'photographs taken from an aircraft and labo-
riously matched together into’' a mosaic.
ERTS-1 ' (Earth Resources Technology Satellite 1), o;
launched on July 23, 1972, from Vandenberg Air Force
" Base, California, is orbiting Earth at an altitude of 570
* miles, and is- returning high-quality pictures and other
data on the condition of the atmosphere and the oceans,
agriculture - and gcology, and man- and his fellow
creatures. :
In its near-polar, sun-synchronous orbit the 1,965- - B
- pound NASA spacecraft circles the globe every 103 '
- minutes; completing nearly 14 orbits daily. Every week
~ it surveys more than 42 million square kilometers, send- : .
ing back images of the Earth’s surface that are 115 ° ! ! AN
miles square. Thus the entire globe, with the exception ¥ v
“of some areas near the poles, is covered every 18 days. ’ 5 ¥
In addition, a data collection system aboard the satel- '
lite is gathering signals from 150 automated platforms
at as many ground stations in various remote areas of
North * America. This environmental information — )
measurements of air pollution, rain and snow fall, rate ! : ) . G
of stream flow and other physical occurrences — then is ; g : . hamr "
y relayed through telemetry to NASA ground stations. Ik ¥ ; ]
g At NASA’s Goddard Space Flight Center at Green- 2 -
belt, Maryland, near]y 10,000 color, black and white, .
and digital tape images will be processed every week for ; . - :
ERTS experimenters. i . ' i
The latter include some 300 scientists in 37 countries.
Domestic U.S. investigations are being funded by the
National Aeronautics and Space Administration and the
user agencies, which include the Departments of Agri-
culture, Commerce, Interior, the Environmental Protec-
tion Agency (EPA), and the U.S. Army Corps of Engi=
neers, as well as regional, state and local organizations.
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ERTS-1 spacecraft last summer made this composnte photo of the San Francnsco Bay area from an altltude of about
570 miles. Notable geographic features include San Francisco Bay (lower center), foothills of the Sierra Nevada
Mountains (upper right) and Tomales Bay (far left). Rolling fog and sediment in the bay are shown at lower left.

Canada, Brazil and Mexico are involved in extensive
cooperative Earth resources projects involving ERTS
and NASA Earth observation aircraft.

ERTS-1 has a design life of one year. The second
satellite in the series, ERTS-2, is scheduled for launch-
ing late in 1973.

The ERTS satellite, for which General Electric’s
Space Division, Valley Forge, Pennsylvania, is prime
contractor, is similar in design to the Nimbus weather
satellites, for which GE was also spacecraft contractor.
It is 500 pounds heavier than the last Nimbus launched,
however, and is 10 feet high with a five-foot-diameter
ring to carry its payload. With its solar paddles extended,
its span is 13 feet.

Payload — The payload includes a Return Beam
Vidicon (RBV) Camera subsystem, developed by
RCA’s Astro-Electronics Division, Princeton, New Jer-

sey; a Multispectral Scanner (MSS), from Hughes Air-
craft Company, Culver City, Calif.; and the aforemen-
tioned Data Collection System (DCS), equipped by
specific investigators.

RBV — This subsystem contains three cameras,
each of which operates in a different spectral band. They
all operate on visible wavelengths and, therefore, oper-
ate only during daylight. They are aligned to view the
same 100-nautica1—mile-square portions of the Earth’s
surface. A failure in the spacecraft power supply system
made it necessary to shut down the RBV after launch-
ing. NASA plans to turn on the subsystem later in this
year, however. In the meantime, excellent pictures are
being received from the MSS.

MSS — The Multispectral Scanner is a line-scan-
ning device which uses an oscillating mirror to continu-
ously scan the surface of the Earth perpendicular to
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TOP: Details of a ERTS-1 photograph show a large part of
Greece, including the Gulf of Corinth (upper left corner), and
the Corinth Canal, connecting the Gulf with the Sea of Crete,
to the right. BOTTOM: Another picture shows an area of New
England, including Boston (upper right), Narragansett Bay
(lower right center) and Connecticut River (lower left corner).

the spacecraft’s direction of flight. It images portions of
the surface approximating those of the RBV images in
several spectral bands simultaneously through the same
optical system.

« DCS — This system consists of the Data Collection
Platform (DCP), satellite relay equipment, ground re-
ceiving site equipment, and a ground data processing
system. Data from the platforms is relayed by ERTS to
ground stations whenever the spacecraft can mutually
view any platforms and any one of the three principal
ground stations — Goddard; Fairbanks, Alaska; and
Gladstone, Calif.

The ERTS-1 was put into orbit by a McDonnell
Douglas Delta launch vehicle.

Breakthroughs Anticipated
The first ERTS and its follow-on systems should pro-

vide vast benefits in a wide range of disciplines:

* Agriculture — Planning of land use; range manage-
ment: identification and control of crop diseases; im-
proved irrigation.

* Geology — Study of glaciers and volcanoes; earth-
quake fault systems; identification of terrain features in-
dicating oil and mineral deposits.

* Hydrology — Detection of water pollution trends;
taking inventory of surface water in lakes, reservoirs and
rivers; determining snow levels; and predicting flood
potentials and the location of water reserves.

* Oceanography — Observation of environmental
sea-surface conditions related to fish location: sources
of pollution; behavior of major ocean currents; storm-
caused changes in shorelines; better charting of sea con-
ditions; ice field observation and iceberg warnings.

* Geography — Production of a constantly updated
map showing natural and man-made changes in the
Earth’s surface of interest to urban planners, the trans-
portation industry and others.

Specific Goals

NASA says some “near-term” objectives of the ERTS
domestic program are to:
* Develop a geologic and soil feature map of the
United States
* Develop an agricultural map of the United States
* Study vegetation damage from highway construc-
tion in Maine
* Get information on the dynamics of Lake Pontchar-
train, Louisiana
* Determine the ability to observe control measures
for pink bollworm infestation of cotton in the Imperial
Valley of California
* Study land use in the great urban “megalopolis™
stretching from Boston, Massachusetts, to Richmond,
Virginia
* Inventory timber resources in selected forests in the
United States
* Study the ecological changes taking place on the
U.S. East Coast
* Get information needed to plan protection of tidal
marshes
_ * Acquire comprehensive information on use of pub-
lic lands in the western United States for grazing pur-
poses
Foreign scientists have proposed other experiments
planned for ERTS:
¢ Detection of potential locust breeding sites in
southwest Saudi Arabia
_* Snow surveys to assess the risks of spring flooding
in Norway
* Land use and soil erosion in Guatemala
* The hydrologic cycle of the Santa River basin in
Peru
* Winter monsoon clouds and snow cover in J apan
* Survey of a variety of resources in India
Nations with participating scientists include Australia,
Brazil, Canada, Chile, Colombia, Ecuador, France,
West Germany, Greece, Guatemala, India, Indonesia,
Israel, Japan, South Korea, Mexico, Norway, Peru, Re-
public of South Africa, Switzerland, and Venezuela.
Each nation will fund its own experiments.

Key is ‘Signatures’
Much of the early analysis of images from ERTS-1



is directed toward getting sequential information—
“signatures”—on surface features such as plants, soil
and water.

All earthly matter—animal, vegetable or mincral—
absorbs, transmits or reflects visible and invisible light-
waves. Each object in its own way thus rcacts to all
energy coming from the Sun.

The ERTS program, providing the capability to sense
radiation in a variety of wavelengths, heightens the pos-
sibility of identifying every feature in a given arca. The
more spectral bands employed, the more complete and
reliable is the identifying response pattern, or “spectral
signature,” radiated by an individual resource.

Many scientists, especially ccologists, have hailed the
advent of ERTS as a major event of the Space Age.

In Congressional testimony carlier this year, Dr.
Robert N. Colwell, Associate Director, Space Sciences
Laboratory, University of California, Berkeley, an
ERTS-1 investigator and cxpert on remote sensing of
farm, forest and range resources, stated:

“Agriculturists, foresters and range managers deal
primarily with renewable natural resources, including
agricultural crops, timber, forage and livestock. If such
resources are wisely managed they can provide mankind
with a sustained yicld of food and fiber not merely for
a few gencrations to come but perhaps, as some re-
source managers claim, ‘in perpetuity.” If, however,
these resources are not managed wisely, man’s very
survival may soon be threatened.”

Interior Biggest ERTS Customer

The Department of the Interior, through its EROS (Earth
Resources Observation Systems) program is the largest single
recipient and user agency of data from the ERTS mission, as
well as that from NASA aircraft.

With an eye to the forthcoming ERTS program, Interior
began in 1964 to research the testing of applications of a
broad spectrum of remote-sensing data from aircraft and
spacecraft. Early studies in cartography, geography, geology
and hydrology were sufficiently encouraging so that in 1966
the Department established the EROS program as a depart-

mental effort under the management of the U.S. Geological
Survey.

In addition to the Survey, nine other Interior bureaus are
participating: the Bureau of Indian Affairs, Bureau of Land
Manageiment, Bureau of Mines, Bureau of Outdoor Recreation,
Bureau of Reclamation, Bureau of Sport Fisheries and Wild-
life, the Bonneville Power Administration, National Park Serv-
ice, and the Office of Trust Territories.

The EROS program managers submitted to NASA 70 ex-
periment proposals for the ERTS-1 satellite; 40 were ac-
cepted. They fall into five categories: cartography; geology,
mineral, and land resources: water resources; marine re-
sources; and geography, human and cultural resources.

The Department also is building a $5-million EROS Data
Center, to be completed by the spring of 1973, at Sioux
Falls, South Dakota. This center will be a national repository

and dissemination agency for data from ERTS satellites and
other remote sensing equipment.

Dr. Arch Park, Chief, Earth
Resources Survey Program,
Office of Applications, NASA
Headquarters, examines de-
tail of ERTS-1 photo on
color enhancer machine.
The ground processing fa-
cility, at NASA's Goddard
Space Flight Center, Green-
belt, Md., also gathers en-
vironmental information
from Earth-based platforms
which is collected aboard
the satellite and then re-
layed back.

He went on to say, “Since the face of the land looks
to the sky, it often is the “bird’s cye’ view as obtained
from an aircraft, together with the ‘God’s eye’ view as
obtained from a spacecraft which will best provide the
resource manager with the information that he needs.™

Military Spinoff

The ERTS subsystems borrow heavily from research
donc years ago for military surveillance from aircraft
and spacccraft.

These pictures made for defense purposes remain
top-secret. Some indication of their high resolution can
be gleaned, however, from the pictures taken in the mid-
sixtics by NASA’s Lunar Orbiter satellites, using the
same camera system carricd by military satellites carlier.

Onc Orbiter photograph taken from about 100 miles
altitude shows a boulder only 15 feet in diameter.
Necarby it also disclosed a three-foot-wide trail appar-
ently created when the boulder rolled down a hill.

It is recasonable to belicve that current military sur-
veillance pictures have cven better resolution, and that
at least some of this enhancement has been passed on
to the civilian space program. However, it is doubtful
that the ERTS or other civilian camera systems will be
pushed to their full potential in terms of resolution, the
concern being that other nations might then regard
them as being in ecffect additional military “spy”
systems.

Attitude Control

Regardless of the quality of the cameras, the quality
of the pictures returned by ERTS-1 obviously would
suffer if the “Cameraman” did not hold steady.

To ensure stability, GE’s Space Division developed a
precision stabilization and control system called the At-
titude Control Subsystem. It is designed to stabilize the
spacecraft in orbit in regard to the three axes of pitch,
roll and yaw. Thus, ERTS-1 can look continuously at
the Earth’s surface with a pointing accuracy within 0.4
degrees vertically (about the pitch and roll axes) and
within 0.6 degrees of the velocity vector (about the yaw
axis).

ERTS-1 has electronic “horizon scanners” for “eyes,”
a computer for its “brain,” and mechanical flywheels
and jets for “muscles.” GE designed them into an inte-
grated system to keep the satellite balanced in every
direction at all times.
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Improvement of Life

The ERTS program—Iike the Skylab program to be
undertaken next year, and the Space Shuttle system, to
be operational by the end of this decade—represents a
new emphasis in the U.S. space effort on improving life
on Earth. The technology needed for space exploration,
both manned and unmanned, has now been well devel-
oped. Now the main objective is to utilize that technol-
ogy for the benefit of all; hence, the deepening concen-
tration on Earth-orbiting, downward-looking space-
cratt.

The ERTS program, the other projects referred to,
and the rest of NASA's cffort can be carried out for a
total annual budget over the next six to eight years of
about $3.4 billion—Iless than one-thirticth of the
amount we will be spending each year on direct social
and environmental programs.

What will we gain from the Earth resources satellites?

The eventual dividends are impossible to predict.
However, a study group established by the National
Academy of Sciences has stated: “The potential eco-
nomic benefits to our society from space systems are
¢normous . . . (They) may amount to billions of dol-

lars per year to many diverse elements of our industry
:‘md commerce and use to the public. In some areas it
1s possible to predict these benefits with accuracy; in
others we can estimate within broad but conservative
limits.™

The U.S. Department of Agriculture estimates that in
the area of U.S. agriculture and forestry alone the
utilization of satellites will yield savings on the order of
$3 billion a year. These would come from reduced crop
losses due to satellite-derived weather and related data,
satellite detection and monitoring of crop diseases and
forest fires, and orbital information assisting in the
assessment of optimum harvesting times, probable size
and quality of crops, and so forth.

Dr. James C. Fletcher, Administrator of NASA,
stated recently: “We have made our new program for
the Seventies relevant to the needs of modern America.
Our new ERTS . . . is an excellent example. Much of
what we hope to learn in Earth orbit and at the planets
in this decade will help protect the environment of
spaceship Earth.”

Fred Hoyle, the British scientist and futurist, has ob-
served that one of the major gains from space explora-
tion thus far was the first photograph of Earth from
deep space. He belicves that mankind was profoundly
affected by this dramatization of the tininess and the
fragility of Planet Earth and the limitations of its re-
sources, and that in fact the present worldwide concern
over environment, ecology and depletion of resources
dates from that photograph.

It now appears that the space program, having thus
alerted us psychologically to the hazards of our Earthly
situation, will provide us with a crucial weapon for
overcoming those same perils.

Goddard Space Flight Center technician makes adjustment on computer used in receiving
ERTS-1 data. Information will be readily available to more than 300 subscribers in form

of photographs by processing equipment that can produce up to 300,000 photos weekly.
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I'he acrospace trade balance has been going steadily
up as the national trade balance has gone from surplus
to deficit. Further, the industry has been a member of
billion export club for six years, and last year
qualified for the $4 billion club.

I'his proves that when it comes to technology,
America still leads the way, and has every right to de-
mand a trade policy that permits the aerospace indus-
try to keep and expand its lead. President Nixon sup-
ports that kind of trade policy.

My job is to relate the general to the specific — the
general complex of trade policy problems to the specific
interests of industry. If this industry were less eager to
export and more afraid of imports, I would state the
same thing. Trade policy is different from other aspects
of foreign policy: it stands or falls on the ability and
willingness of specific domestic interests, such as the
acrospace industry, to understand and support it.

Trade policy is now and always has been a local as
well as an international issue in the United States.
And this is just as true now in Japan and in Europe.
The foreign policy objective of the Nixon Administra-
tion is to see the construction of a new global eco-
nomic superstructure to go with the political super-
structure the President has built in his first term. It will
be an appeal not just to governments, but to business

the $2

and trade interests in all the major trading nations.

Talking to the representatives of 124 governments at
the annual meeting of the International Monetary Fund
and the World Bank recently, the President said, “We
must set in place an economic structure that will help
and not hinder the world’s historic movement towards
peace. We must make certain that international com-
merce becomes a source of stability and harmony rather
than a cause of friction and animosity.”

To this end the President has pledged himself to
nothing less than “a total reform of international eco-
nomic affairs.” A thorough-going reform of a monetary
system is a key objective, of course. But so is a thor-
ough-going reform of the trading and investment system
as well.

When somebody in Washington talks about monetary
reform and trade “negotiations,” just remember the ob-
jective is to improve both the monetary system and the
trading system. The trade negotiations that lie ahead. of
us will be of an entirely different order from anything
in the post-war years.

Treasury Secretary Shultz, at the same meeting of the
world bankers, spelled out in considerable detail the
principles underlying the President’s new policies. Just
let me capsulize a few to show how dramatic is the
change that the President has in mind.
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First the President said, “We can all agree that the
health of the world economy and the stability of the
international economic system rest largely on the suc-
cessful management of domestic ecconomies.™

The big trading powers — Japan, Europe, and the
United States — share in common a set of domestic
problems: the nced to maintain growth and cmploy-
ment while curbing inflation. The President’s new
policies start with a recognition that we share these
problems in common, and how we manage them will
determine the state of the world economy.

Second, the President recognizes that cach nation
will approach its domestic problems in different ways.
So, as Secretary Shultz put it, we need “a new balance
between unity of purpose and diversity of exccution.”
To that end the President envisions a common code of
conduct designed to protect an open international cco-
nomic system from the very diverse mecasures nations
will take to meet their domestic cconomic problems.

The heart of that code of conduct must be a system
for “prompt and orderly adjustment™ to prevent what
the President called an annual “invitation to a monc-
tary crisis.” Part of this code must be a recognition, in
the President’s words, of the fact that “there is no
heroism in a temporary surplus, nor villainy in a tem-
porary deficit.”

We must think what international agreement to this
proposition will mean. “Surpluses in payments,” as
Secretary Shultz said, “are too often regarded as a
symbol of success and of good management rather than
simply a measure of the goods and services provided
from a nation’s output without current return.” So it
has been for centuries since the mercantile governments
of Europe started measuring their success in terms of
the gold they could hoard. An agreement among na-
tions to submit persistent balance of payments sur-
pluses to international disciplines symmetrical to those
now imposed on persistent deficits would be an historic
breakthrough in international cooperation.

The heart of the code of conduct the President sceks,
however, will be the technical agreements that give day-
to-day substance to the need for a system of “prompt
and orderly adjustment.”

Trade gets equal billing in the new system that the
President envisions. “Our monetary and trading sys-
tems are an interrelated complex,” Secretary Shultz said,
and we envision some direct links between the work of
the General Agreement on Tariffs and Trade (GATT)
and the International Monetary Fund. One possibility
will be to legitimatize across-the-board tariff surcharges
or taxes on imports in case of extreme balance of pay-
ments emergency, rather than the present hodge-podge
system of quotas and special, bilateral voluntary re-
straint agreements. It may be, after all, that the tariff
In extreme cases is preferable to these jury-rigged sub-
stitutes when all other means of “prompt and orderly
adjustment” have been exhausted.

Finally, the President envisions devising ways and
means of internationalizing the safeguards all trading
nations must have to protect those who face abrupt dis-
locations as a result of our common pursuit of open
trade policies. Here again the technicalities are formi-
dable. In general, when we talk of multilateralizing safe-
guards we do not mean trying to impose uniformity; we
do mean to create a system that preserves “diversity of

exccution.” What we hope to add is the obligation to
consult beforchand on the imposition of safeguards, to
provide for termination of those safeguards when not
needed, and to offer ways and means for other nations
to take actions that make imposition of the safeguards
UNNCCessary.

Here in microcosm we have an example of what the
President means when he says he secks an era of nego-
tiations to replace an era of confrontation.

What do all these gencralities have to do with the
acrospace industry?

The short answer is that what is good for trade is
good for the acrospace industry. About 18 percent of
AIA members’ production is exported. That compares
with 7 percent of all the goods and services produced
in the U.S. More important, the acrospace industry is
cxporting advanced technology, not raw materials or
products cntering a stage of obsolescence. Unless one
believes that this nation faces the prospect of becom-
ing a sccond-rate center of technological innovation,
one must agree that what is good for trade is good for
this industry.

But you will want to put the proposition the other
way round, I'm sure. You will arguc that what is good
for the acrospace industry is good for trade. Here are
two situations which appear to me to be major worrics
of the acrospace industry:

e First, the decline in federal spending for techno-
logical rescarch, and its cffect on your exports:

e Sccond, the subsidics foreign governments give to
your competitors, and the cffect they have on trade
prospects.

Advanced rescarch — and the ability to sell it abroad
— account for the tremendous contribution the acro-
spacc industry has made to our trade balance. But trade
policy alone cannot determine the level of federal spend-




ing on rescarch. It's not a big enough tail to wag that
dog.

Somcthing morc than balance of payments arguments
is nceded to restore the level of rescarch expenditures.
I subscribe wholcheartedly to the proposition that the
United States must remain the world’s most exciting
center of technological innovation. Take that away and
you take away onc distinguishing and irreplaccable fea-
turc of our culture, onc that gives us a right to claim a
placc of honor in the history books. This. not the bal-
ance of payments, is the best argument — if it can be
proven.

Many pcoplec do not understand how profoundly
federally-sponsored rescarch has affected the rate of
technological innovation in our socicty, and the trade
benefits that spring thercfrom. The spin-offs that have
taken place within corporations. and in universitics,
too, far cxcced the list of patents that can be traced
dircctly to that rescarch. But the evidence remains to
be presented in a way that will make the nation sit up
and take notice. If this could be done, it would be a
rcal service.

The second worry — the subsidies forcign govern-
ments give to your competitors — is a very tough prob-
lem. Pecrhaps the toughest problems in devising a new
international economic order will be, in the words of
Sccretary Shultz, to *“harmonize countries’ practices
with respect to taxation of international trade and in-

vestment, the granting of export credit, and the subsi-
dization of international investment flows.”

These issues dramatize the two sides of the trade
policy problem.

On the one hand, how can this nation make our
cxports more competitive, given the restraints of our
own domestic laws and policies?

On the other hand, how can we make the interna-
tional trading system fairer, given the restraints of poli-
cies in other countries?

There are some dangerously easy answers to these
questions. We could, for example, decide to divide up
the world into exclusive trading blocs, each major trad-
ing power, Japan, Europe and the United States, being
assigned a backyard to trade in.

The trouble with this easy-sounding answer, of
course, is that such a trading world would quickly
change the shape of- international politics, as well as
international trade, with the certain result that we would
have confrontation and not negotiation. There are very
few, if any, parts of the world today where people are
willing to see their countries serve as the backyards of
any great power. This is undgrscored by the statements
of Latin Americans concerning themselves and their
fut./lixrlfc.:rnatively, the U.S. could decide to match subsidy
with subsidy in a great escalation of government inter-
vention in trade. Comparative advantage, then, would
be measured in terms of the degree of support available
from government treasuries. This, too, of course, would
lead inexorably to a succession of confrontations, rather
than a succession of negotiations. And the U.S. would
have to learn to cultivate practices in world trade that
we would never tolerate in trade here at home.

Finally, we could decide simply not to trade in com-
petition with those who follow different business and
taxation policies from our own. This, perhaps, would

lead to the most exclusive trading policy of all.

There simply isn’t any easy answer to the problems
Secretary Shultz mentioned — the problems of “har-
monizing™ the trading practices of different nations
when it comes to matters like taxation and financial
incentives and subsidies. The only way to achieve a
fair international trading system is to make a habit of
negotiations over the whole range of problems that
trade involves.

Hopefully, this means to purge the system of subsi-
dies that are designed purely and simply to gain trade
advantage. whether they be subsidies to industry or to
agriculture. The U.S. is already doing this, in bi-
lateral talks with Japan and the Common Market and
in the major multilateral forums, particularly GATT.
We seek to preserve and expand the notion that com-
parative advantage must be determined by technologi-
cal innovation, entrepreneurial skill and productivity,
not by subsidy.

The stage is set now for the most elaborate series of
trade negotiations ever undertaken among nations.
These negotiations will become a permanent feature of
our relationship with Japan and Europe. They will have
to weather the storms of the expansion of the Common
Market, of the design of a new monetary system and,
no doubt, of countless events we cannot now foresee.
There will be more participants in these negotiations
than ever before. I sincerely hope, for instance, the
Congress will be an active participant from the begin-

ning, and industry must work with us as closely as
possible.

Success will depend in large part on whether indus-
try, not just in the United States, but in Europe and
J_apan as well, sees in the generalities of trade negotia-
tions a reflection of the efforts to help with its par-
tlcu_lar problems. This is particularly important in the
United States where only about four percent of our
Corporations are seriously interested in exporting. Your
tradmg skills are not broadly shared in our economy
nor will they flourish if the rest of the economy fails tc;
appreciate them.

I suggest that when it comes to adapting our policies
to making exports more effective that the aerospace
mdpstry take the leadership in such matters as illumi-
nating .th.e real role of federally sponsored research in
:::z::(t)ammg the pace of innovation 'throughout our

m N . . .
ceono a)sr \;vell. not just in your own industry but in

Anc_i when it comes to designing a new and fairer in~
ternational trading system, we must work togethe t‘
de:vxse ways and means of har icies
W.lth those of our major trading partners and to cop-
;/Sml;:g O\:irtown i;oupftry}z}men that their standard of living

und to suffer if the U.S. can i
Fairer systom, not devise a new and

The Pres.ident has given us a clear sense of direction
He has weighed the options — the easy sounding o -
tions — and favors a system designed fo preserve rele)ll
comparative advantage and not the false comparative
advantage of competitive subsidies and exclusive trad.
ing blocs. There are already some signs that our trad-
ing partners are willing to follow this lead. We must do
everything we can to make sure that American industry,
the Congress, and the American people are no less
willing.

monizing our policies

"
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THE AIRPORT IMPA\GT-
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Last week, a worker at the Seattle-Tacoma Airport
picked up his paycheck, stopped for some groceries on
the way home and, while he made his car and furniture
payments, his wife went out to buy a new dress and
have her hair done.

This rather ordinary, everyday scene illustrates the
way in which aviation touches the lives of an entire
community, not just those who work in it or use it. It

is the source of a great deal of economic activity in
any community it serves.

The Air Transport Association, through its regional
committees of airline public relations people, has un-
der way a program that is showing these local com-
munities just how much aviation does touch their lives.
These committees are preparing economic impact stud-
ies of their local airports and distributing them widely
throughout the area.

This is an important program for aviation because it
is what the industry can do now to describe the benefi-
cial aspects of aviation in such a way that they will be
meaningful to everyone, whether they use the airlines
or not. It is talking about aviation in terms of dollars
jobs, drug stores, supermarkets, banks and the ’
other aspects of ordinary daily community life.

It is a good thing for the industry to do at any time
but it is especially important now for aviation because
aviation has been coming under increasine
several groups of critics. : B Bitack trom

Aviation is telling its story in a positive way, and a
series of economic impact studies is the basis of it.

The program began in South Dakota. The industry
wanted to demonstrate to the governor of the state that
air transportation was indeed useful to the state, and

that because of air transportation four manufacturing
companies had located within the state. These com-
panies created 2,000 new jobs that, at that time, rep-
resented 12 per cent of the total manufacturing work
force in the state.

many
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The current program is to develop cconomic impact
studies at cach onc of the 23 major hub cities in the
U.S. with the aid of regional public relations commit-
tees made up of airline employces located in these cities.
A major hub is defined as a city which develops at least
one per cent of the total air transportation passenger
enplanements. These arc obviously the biggest citics,
starting in New York and working down through Las
Vegas.

The basic tool used by the local committees in mak-
ing their study is a workbook prepared for them by the
ATA public relations staff called: “How to Measure
the Impact of Aviation on the Local Economy.” This
workbook is basically a series of questionnaires designed
to help the committee members get the right kind of
information from the right sources. The most impor-
tant is the questionnaire that is distributed to aviation
employees in the area. Some committees have surveyed
only airline employees while others have gone to all
employees at the airport.

These employee questionnaires are the base upon
which the whole story is built. They find out how much
each employee makes, how many people he supports,
how much his home is worth (or how much he pays in
rent) and how many automobiles he owns. From this
data, it is possible to determine how much aviation em-
ployees in an area spend on groceries, health care, rec-
reation, clothes, furniture, and most important, taxes
of all kinds.

Most committees also ask employees for their zip
code, or other means of locating them, so that the ec-
onomic impact of aviation can be pinpointed even more
precisely than just to a metropolitan area.

Other questionnaires in the workbook seek such in-
formation as how much the scheduled airlines them-
selves are spending in the area and at the airport for
such things as landing fees, airport rentals, fuel, goods
and services, taxes and construction. Tourism, conven-
tion and business travel is vital to many cities and the
studies pinpoint how many people, through this kind
of activity, are indirectly dependent on air transporta-
tion for their livelihood.

Other kinds of information that are included in the
study are: how much airlines spend to promote the area
as a tourist destination, and, if the information is avail-
able, how profitable is the airport. Not many people
realize that major airports are big and usually highly
profitable businesses.

What have these studies shown about the economic
impact of airlines and airports? In short, that aviation
is much more important to the economic life of a com-
munity than anyone had thought. For instance, Los
Angeles International Airport is the largest employer

at a single location in the entire Los Angeles area.
Moisant Field holds the same relationship to the entire

state of Louisiana and in Kansas City one of the air-
lines serving the city holds this distinction.

These are just a few individual examples of the major
impact of aviation on its market arca. But in cvery
city surveyed so far the results have been the same —
the airport and the airlines that serve it are indispensa-
ble to the economic health of the arca.

Here are some examples:

WASHINGTON NATIONAL

The first study completed after South Dakota was of
Washington National Airport. With a payroll of 8,400
cmployees carning more than $78 million annually,
Washington National ranked cighth in the state of Vir-
ginia as a private employer. In terms of employment
at a single location, the airport came in third. To the
state of Virginia alone, National meant 5,607 pcople
living in the state employed and making over $54 mil-
lion each year. This average annual wage of $9,649
was $2,751 more than other employees were making,
on the average, in all private industry.

Another important indicator of the importance of
National is the tax revenue it generates for the state.
Employees working there paid, in one year, more thdn
$3 million in taxes to state and local governments.

Also important as a stimulant to local economies
is the purchases from local merchants of goods and ser-
vices by the airlines and the airport and its concessions.
In the Washington area, local businessmen benefited by
more than $22 million annually because of airport-
generated business. Added to this is the business gen-
crated by the tourists and convention travelers who
enter the Washington area through National. In one
year, 16.8 million visitors and another 674 conventions

came to Washington, and spent $531 million. Much of
this business came by air.

'1
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PITTSBURGH

The Pittsburgh study found that almost 50,000 peo-
Ple in Southwestern Pennsylvania were either directly
or indirectly employed in air transportation or travel-
related industries, such as firms providing direct support
and services to aviation and hotels, travel agencies and
restaurants. Of these, 5,900 actually worked for the air-
port or airlines. These 50,000 people represented ap-
proximately 5 per cent of the total work force in the
Pittsburgh labor market area. Their payrolls of some

$288 million annually also represented about 5.3 per

cent of the area’s total payrolls.

CHICAGO

A survey of airline employees in Chicago resulted
in a very impressive map showing how many of them
live in cach county and congressional district in the
Chicago area. It also indicates how much people living
in those arcas earned, how much they paid in taxes and
the value of their homes or amount of rent paid.

The survey revealed that the 23,900 airline employ-
ces working for 29 scheduled foreign and domestic air
carriers received more than $272 million annually in
salaries, for an annual average income of $11,395. In-
cluding the employees themselves, this income supports
some 72,000 people, including 44,000 adults and
28,000 children. The homes owned by these employ-
ces — about half were homeowners and half renters —
had a total value of almost $400 million and the rent
paid by the rest came to about $1.7 million each month.

KANSAS CITY

In Kansas City, not only is aviation an important in-
dustry, but, also, the largest prlvut‘c. 'e[‘np10)-/e.r mKthe
entire area is one of the scheduled airlines serving Kan-
sas City International. The total direct ?;%ir;dlorfecxflheg;
ployment there totals 22,000 persons, =2 et
work for the airlines and in airport-related jobs. lhe

payrolls for these 13,615 employces comes to $132

million, of which $118 million is paid by the airlines
themselves. .

In addition to employment and payrolls, the airlines
and the airport also contribute to the local economy
through purchases of goods and services which amount
to $42 million annually. The airlines and airport busi-
nesses also pay the city $4.8 million each year for land-
ing fees and rentals and payroll taxes come to $3.4
million annually. In addition to this impact, the airlines
bring tourists and other visitors to the area who spend
some $285 million each year in the area.

NEW ORLEANS

Moisant Ficld, or New Orleans International Airport,
is a $121 million bonus to the New Orleans area. Avia-
tion activity there contributes $77 million annually to
the area’s economy through $33.6 million in wages and
salaries, $35.3 million in purchases of supplies and
services and $8.3 million in capital expenditures. The
$43.9 million in indirect spending is from convention-
cers and vacation and business visitors.

DENVER

In Denver, Stapleton International Airport was found
to be'an asset of $148 million to the area’s economy.
Of this, $145 million went for employees salaries and
another $3.7 million came from airport revenues from
airline rentals and landing fees. Added to this is the
vast amounts.of money spent by tourists and business
travelers coming to the state. At least $150 million is

estimated to be spent by air travel
Sear. y ers to Colorado every

SAN FRANCISCO

The San Francisco/Oakland Bay Area is richer b
at least one billion dollars per year because of Sar};
Francisco International, Oakland and San Jose airports
Almost 30,000 Bay area residents make their living a£
SFO alone and another 2,600 work at Oakland. The
SFO employees earn over $322 million annually and

these payrolls support, at least in part, some 68,000
persons. ,

Another $322 million is added to the area’s econom
by airline and airport concession expenditures, taxes
fees and local advertising. This total of $644 millior;
that the airlines, the airport and their employees con-
tribute to the area is also “recycled” to Create another
dollar of income and thus, the total cconomic impact
of the airports comes to more than $1.3 billion per year.

LAS VEGAS

Las Vegas is, of course, very much an airline town —
the spending of the tourists and conventioneers that the
airlines bring there is what keeps the Las Vegas econ-
omy alive. This spending comes to about $187 million
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per year. Added to this is the payrolls of the employees
of the airlines and the airports which come to another
$13.7 million. Also important, but very difficult to mea-
sure, is the employment and payrolls of the thousands
of hotel, casino and restaurant workers who depend

to a major degree on airline passengers for their liveli-
hood.

LOS ANGELES

As one of the biggest commercial and private aviation
centers of the nation, Los Angeles has three large and
very important airports — Los Angeles International,
Ontario International and Van Nuys. These three air-
ports and their employees and airlines are worth some
$3.6 billion to the area. Payrolls to employees account
for $1.6 billion, purchases from local businesses for
go.oc.is and services, $290.9 million, local taxes $26.4
million and spending by air visitory another $1.7 billion.

At LA International, there are over 37,000 em-
p!oy_lees earning some $450 million annually and the
airlines serving this airport account for 78 per cent of
these employees and pay 85 per cent of the total payroll.

ATLANTA

Another airport that ranks high as an employer is
Hartsfield Atlanta International Airport which is the
la.rgest private employer in the entire state of Georgia
with 17,541 employees and an annual payroll of almost
$210. million. Airline and airport spending, visitor ex-
penditures, local media advertising brings the total im-
pact of the airport up to around $345 million.

This economic bonanza also, like most big city air-
ports, pays its own way financially and does not cost
local taxpayers anything. As a matter of fact, for the
year ended September 30, 1971, the airport had a sur-
plus of revenues over expenses of $4.3 million to use
for future airport improvements.

SEATTLE-TACOMA

The Seattle-Tacoma International Airport contributes
some $486 million per year to the Puget Sound Region
— or more than $1.35 million per day or $56,250 every
hour of every day. The biggest chunk of this is ac-
counted for by airline and airport concession purchases
of more than $306 million per year for supplies, food,
fuel and taxes. The next biggest item is payrolls for the
more than 7,000 people working at Sea-Tac — approxi-
mately $100 million annually. The rest goes for capital

impr(?vements, airport landing fees and space rentals at
the airport.

NEW YORK

The biggest airline town of them all is, not surpris-
ingly, New York with the headquarters of four of the
largest carriers and three of the busiest airports in the
nation. To New York and neighboring New  Jersey,
aviation has an impact that approaches $7 billion —
once the entire aviation and the visitor and convention
industry that is so closely tied to it is taken into ac-
count. Payrolls for the almost 78,000 pcople who work
for that airline and the airports comes to almost S1
billion. Spending by tourists who come by air adds
another $1 billion, and spending by the airlines and air-
ports for goods, services, office space. cte. is another
$2 billion. Once all of this impact is added up and the
multiplier cffect —— that cach dollar put into an area’s
cconomy generates yet another dollar of income — 1is
taken into account, the cconomic impact of aviation on
New York comes to an astonishing $7 billion.

These studies are, however, just the first step in a
whole series of steps aimed at mcasuring the impact of
the entire aviation/acrospace industry on the economic
lifc of communitics. The next step is to expand the city
studies to include acrospace cmployment — to show
that not only do pcople work at the airport or for an
airline but many others arc also busy making aircraft
wings, or altimeters for aircraft cockpits or aircraft
seats, or any onc of the other millions of picces that
make up a commercial jet transport.

For any large city, the number of people engaged in
aviation and acrospace manufacturing is bound to be
considerable. On a state basis, the numbers will be even
more impressive and summarizing the impact of avia-
tion on cities into state-wide reports will be yet another
step in telling the aviation story.

The city and state-wide reports use the “macro”
technique of showing the impact of aviation — that is
gathering all of the data into a collection of big num-
bers and displaying it on as large a scale as possible.
The opposite approach is the “micro” study in which a
community and its people are studied in detail from
sociological as well as economic standpoint to show how
aviation affects their lives. This might also be called the
“Middletown” approach as it will be patterned after the
famous study of a midwestern city by Robert and Helen
Lind in the nineteen-twenties. ATA is now in the proc-
ess of picking a city that is small enough in order to
get a real “feel” for it but still large enough to have
good air service. This city will be the subject of a real
in-depth look at just what aviation means to its citizens.

The airport studies, the expanded state studies and
“Middletown” are just a few of the ways in which the
aviation industry can show communities and the people
in them that strong, healthy airline, airport and aero-
space system is in the best interest of, not only the
nation, but of themselves as individuals.
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MANUFACTURING
MEMBERS

Aerodex, Inc. i
Aerojet-General Corporation
Aecronca, Inc.
Amphenol SAMS Division
The Bunker-Ramo Corp.
Avco Corporation
The Bendix Corporation
The Boeing Company
CCI Corporation
The Marquardt Company
Murdock Machine & Engineering
Chandler Evans Inc
Control Svstems Division of
Colt Industries
E-Systems, Inc.
The Garrett Corporation
General Dynamics Corporation
General Electric Company
Aerospace Business Group
Aircraft Engine Business Group
General Motors Corporation
Detroit Diesel Allison Division
The B. F. Goodrich Company
Aerospace & Defense Products
Goodyear Aerospace Corporation
Grumman Aerospace Corporation
Gyrodyne Company of America, Inc.
Heath Tecna Corporation
Hercules Incorporated
Honeywell Inc.
Hughes Aircraft Company
IBM Corporation
Federal Systems Division
ITT Defense-Space Group
ITT Aerospace/Optical Division
ITT Avionics Division
ITT Defense Communications Division
Kaiser Aerospace & Electronics Corporation
Lear Siegler, Inc.
Lockheed Aircraft Corporation
LTV Aerospace Corporation
Martin Marietta Corporation
McDonnell Douglas Corp.
Menasco Manufacturing Company
North American Rockwell Corporation
Northrop Corporation
Philco-Ford Corporation
Pneumo Dynamics Corporation
Raytheon Company
Missile Systems Division
Rohr Industries, Inc.
The Singer Company
Aerospace and Marine Systems Group
Solar Division, International
Harvester Co.
Sperry Rand Corporation
Sundstrand Corporation
Sundstrand Aviation Division
Teledyne CAE
Teledyne Ryan Aeronautical
Textron Inc.
Bell Aerospace Company
Bell Helicopter Company.
Dalmo-Victor Company

Hydraulic Research & Manufacturing Co.

Thiokol Chemical Corporation

Tool Research and Engineering Corporation

TRW Inc.

United Aircraft Corporation
Westinghouse Electric Corporation
Aerospace Electrical Division
Aerospace & Electronic Systems Division
Astronuclear Laboratory
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AEROSPACE ECONOMIC INDICATORS

CURRENT

Total Aerospace Sales

B0

Value of Civil Aircraft Shipments

-
l

OUTLOOK

New Orders — Monthly Average

N R

.

100/ (1962-1971 Average — 100) CiviL .
80 500 1 e :
I
650 60 J | y !
'66 ‘57 ‘68 '69 '70 71 72 ’66 67 68 69 70 m 72 66 67 68 ‘69 '70 7
— Atrospace obligations by Dept. of Defense and NASA.
Non-government prime orders for aircraft and engines,
AVERAGE LATEST SAME PRECEDING LATEST
ITEM UNIT PERIOD 1962-1971 PERIOD PERIOD
< SHOWN VEAAGD PERIOD t PERIOD
Annual 3rd
AEROSPACE SALES: Total Billion $ Rate 23.5 Quarter 22.9 20.4 21.0
Billion $ Quarterly 5.9 1972 4.8 5.4 5.4
DEPARTMENT OF DEFENSE
Aerospace obligations: Total Million $ Monthly 1,240 June 1972 1,704 777 2,135
Aircraft Million $ Monthly 733 June 1972 1,223 551 1,683
Missiles & Space Million $ Monthly 507 June 1972 481 226 456
Aerospace outlays: Total Million $ Monthly 1,147 June 1972 1,192 1,157 1,882
Aircraft Million $ Monthly 665 June 1972 696 722 938
Missiles & Space Million $ Monthly 482 June 1972 496 435 944
Aerospace Military Prime
Contract Awards: TOTAL Million $ Monthly 1,057 Sept. 1972 1,388 855 1,004
Aircraft Million $ Monthly 631 Sept. 1972 722 529 523
Missiles & Space Million $ Monthly 426 Sept. 1972 666 326 481
NASA RESEARCH AND DEVELOPMENT
Obligations Million $ Monthly 270 Oct. 1972 283 146 305
Expenditures Million $ Monthly 277 Oct. 1972 204 212 213
BACKLOG (60 Aerospace Mfrs.): Total Billion $ Quarterly 22.7 3rd 24.4 25.0 26.7
U.S. Government Billion $ Quarterly 13.6 Quarter 13.5 14.6 15.3
Nongovernment Billion $ Quarterly 9.1 1972 10.9 104 114
EXPORTS
Total (Including military) Million $ || Monthly 204 Nov. 1972 293 299 312
New Commercial Transports Million $ || Monthly 59 Nov. 1972 79 55 79
PROFITS 1 3rd
Aerospace — Based on Sales Percent '\ Quarterly 2.6 Quarter 2.2 2.9 2.3
All Manufacturing — Based on Sales Percent | Quarterly 4.9 1972 41 45 4.2
EMPLOYMENT: Total Thousands | Monthly 1,286 Oct. 1972 937 933 937
Aircraft Thousands = Monthly 699 Oct. 1972 515 503 505
Missiles & Space Thousands | Monthly 144 Oct. 1972 90 93 94
AVERAGE HOURLY EARNINGS, |
PRODUCTION WORKERS Dollars ¢ Monthly 3.48 Oct. 1972 4.35 4.69 4.72

* 1962-1971 average is computed by dividing total year data by 12 or 4 to yield monthly or quarterly averages.
T Preceding period refers to month or quarter preceding latest period shown.

Source: Aerospace Industries Assoclation
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HIGH TECHNOLOGY
AT THE CROSSROADS

By KARL G. HARR, JR.,

President, Aerospace Industries Association

The first article in this issue of Aerospace magazine briefly covers
Statistical highlights of the aerospace industry for 1972. It presents
such key economic barometers as sales, profits, employment, ex-
Ports and backlog of orders.

The important question, of course, is just what do these figures

mean in the long range?
The basic clue is not hard to find. In the long range—or even in
the intermediate future of the aerospace industry—everything
hangs on one fundamental question: “What is the will of this
Country with respect to technology?”

There are clear indications that the Administration strongly be-
lieves that continued U. S, technological superiority is an essential
underpinning of our national economy, our security and our ca-
pacity to solve social problems.

In other elements of our society—in Congress, in state and local
governments, in news media, in private organizations—there are
varying and often sharply split attitudes regarding support of the
steps necessary to maintain this superiority. Which viewpoint pre-
vails will go a long way toward shaping the future not only of aero-
space, but of all other high-technology industries as well.

In oversimplified terms the debate proposition might be stated:
“Be it resolved that we should (should not) continue efforts toward
technological progress.”

When the proposition is amplified and broken down into its com-
ponents, and the tradeoffs and alternatives are raised, it becomes
much more complicated and susceptible to considerable media,
public and even political confusion.

Employment, tax revenues, our balance of trade position, na-
tional security and a place in the forefront of international progress
in many fields—progress that will move ahead at full steam, with
or without us—are important. It follows, then, that the capability to
produce competitively superior, high-technology products, such as
new generations of commercial transport aircraft, is of vital im-
portance. The development, production and sale of just one new
model commercial air transport, for instance, may involve hundreds
of subcontractors, suppliers and vendors and thousands upon
thousands of employees in almost every state in the union.

As noted, however, technological progress, with all its obvious
implications to the nation, is opposed by certain elements of our
society which are determined to deny the essential link between
technological advance on the one hand and economic well being
and national security on the other. For reasons of their own they
pursue a course designed to stifle technological advance, not
realizing or deliberately ignoring the fact that technological prog-
ress, economic stability and national security are inextricably
linked and mutually interdependent.

It follows that if we sacrifice technological superiorjty for the
future we must be prepared to pay an unacceptable price in eco-
nomic progress and national security.

This must not happen.
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1973 FORECAST

Aerospace industry sales in 1973 are expected to decline to $22.5 billion
compared to $23.5 billion in 1972. The anticipated decline will result from a
lower level of sales to the government.

Sales to the Department of Defense are expected to decrease to $12.7
billion in 1973 compared with $13.8 billion in 1972.

Space sales will decline to $2.9 billion in 1973 from $3.0 billion in 1972.

Commercial aerospace sales are expected to increase betwe.en. 1972_ and
1973 from $4.8 billion to $5.0 billion. The increase expected is in delivery

of jet transport aircraft and in general aviation.
Non-aerospace sales in 1973 are expected to remain at $2.4 billion.

Employment in the aerospace industry is expected to decline only slightly
between December 1972 and December 1973 from 917,000 to 913,000.

AND FORECAST

Aerospace industry sales, for the first time since
1968, increased in 1972 to $23.5 billion, a 5.9
percent gain over sales of $22.2 billion in 1971. An
11.6 percent increase in commercial aerospace sales
was reported in 1972, reaching an estimated $4.8 bil-
lion, compared with $4.3 billion in 1971. This increase
reflects a significant increase in deliveries of helicopters
and general aviation aircraft.

Major aerospace sales areas include:

= Total aerospace sales to the Department of Defense
in 1972 were $13.8 billion compared with $12.6 billion
in 1971.

= Military aircraft sales increased to $8.1 billion in
1972 compared with $7.4 billion in 1971. These figures
include both procurement and research and develop-
ment funds.

= Missile sales to the Department of Defense (which
also include research and development) increased from
$4.7 billion in 1971 to $5.2 billion in 1972.

= Space sales continued to decline in 1972 to $3.0
billion, compared with $3.2 billion in 1971.

Non-aerospace sales declined, with $2.4 billion in
1972 compared with $2.5 billion in 1971. These sales
represent work by aerospace firms in such fields as
urban transportation, pollution control, marine sciences
and water desalination.

= Utility and executive aircraft sales increased from
$321 million in 1971 to $500 million in 1972 (55.8
percent), and units delivered showed an increase of 23.2
percent. ) .

» Civilian helicopter sales increased from $69 million
in 1971 to $95 million in 1972, a gain of 37.7 percent.

BACKLOG

Total aerospace backlog at the close of the first half
of 1972 was $24.7 billion compared with $23.9 billion at
the end of 1971. It is anticipated that the backlog at the
end of 1972 will be $25.0 billion.

The backlog of commercial transport aircraft de-
creased from $7.8 billion to $7.1 billion between De-
cember 31, 1971 and September 30, 1972,

EXPORTS AND IMPORTS

Aerospace exports declined for the first time since
1964. They dropped from $4.2 billion in 1971 to $3.9
billion in 1972, a 6.6 percent decrease. The major
reason for the decline was military aerospace exports,
which declined 23.8 percent from $1.1 billion in 1971
to $854 million in 1972.

Imports of acrospace products in 1972 were valued
at $500 million, a 34.0 percent increase from $373
million in 1971.

PROFITS

Aerospace industry profits (as a percentage of sales
after taxes) are expected to increase from 1.8 percent in
1971 to 2.2 percent in 1972,

EMPLOYMENT

Employment in the aerospace industry declined
slightly from 924,000 workers in December 1971 to an
estimated 917,000 in December 1972, Despite this con-
tinuing drop, the aerospace industry remains the na-
tion’s largest manufacturing employer.

Production workers in the aerospace industry dropped
from 448,000 in December 1971 to 444,000 in De-
cember 1972, a 0.9 percent decrease. Employment of



scientists and engineers is expected to continue to de-
cline to 157,000 compared to the peak of 235,000 in
1967.

During 1972, production workers made up 48 per-
cent of total employment, scientists and engineers ac-
counted for 17 percent, technicians 7 percent, and the
remainder were in administrative, clerical and mainte-

nance categories.

EARNINGS AND PAYROLL

Weekly earnings of production workers in the acro-
space industry rose from $176.64 to $189.39 between
1971 and 1972 as average hourly earnings increased
from $4.32 to $4.56 in the same period. Total industry
payroll increased slightly from $10.1 billion to $10.3
billion in spite of the decrease in employment.

HOURS

Average weekly hours in the aerospace industry in-
creased from 40.9 in 1971 to 41.6 in 1972. Overtime in-
creased from 2.3 to 2.8 hours in the same period.
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A Proposal —
TRANSPORT AIRCRAFT FINANCING

At a news conference sponsored by the Mid-East Rgg'%';f,f
the Aviation and Space Writers Association, Ka‘ﬁt‘oh em:
Jr., president of the Aerospace Industries As§OCla_c;intvgov_
phasized the need for a new formula to achieve | nd pro-
ernment-industry financing for the dev;atlopmef‘t a
duction of commercial transport aircrait.

Because of the long lead-time necessary to devel?‘g atgg
produce new transport models, both the cogts :id i
risks are more than a manufacturer can bear, he SI a-n s
traditional method, total funding by private capita h gucers
longer meet the challenges from foreign aircraft p;]o often
who are supported by their governments and W
combine resources via consortiums. g o

Mr. Harr noted that some new device is needed t?'a%‘;y
able the United States to continue to compete favom it
in the international high-technology mal'_l«?tplacﬁze ey
notably with respect to modern transport aircraft. S
mented favorably on the efforts of M{. Secor de,-
former Chairman of the Civil Aeronautics Board, Itg o
velop a government authority that, if approved, WOUb_"F_I’on)
vide Federal guarantees of private loans (up to $3 DI aft
where necessary to assure the production of such alf?"the-

Mr. Harr pointed out, however, that in the v_lew 0 ul
aerospace industry such support of production WO 3
leave one basic problem unsolved—meeting the huge ou i
lays required for the research, development and pre-pro
duction phase. That phase may encompass five years
before a new model is certificated for airline use. The
industry thus favors a broadening of Mr. Browpe's pro-
posal to provide government participation in this phase.
This may include loan guarantees or direct loans with
government and industry sharing the financial risk_s.

As outlined by Mr. Harr, support to the manufacturing
industry would be governed by certain restrictions, among
them being that eligible projects must:

®= Incorporate significant improvements over existing
aircraft or aircraft engines in design and construction.

= Meet the reasonably predictable needs of the public
for efficient, economical, and environmentally compatible
air transportation.

= Be capable of competing with or be superior to com-
parable aircraft or aircraft engines, if any, manufactured
substantially outside the United States.

= Not directly compete with another aircraft or engine
offered by another U.S. manufacturer and funded with
private resources.

= Satisfactorily fulfill the requirements of air carriers, as
demonstrated by the placement or stated intention for
placement of a quantity of orders judged sufficient by the
Authority to demonstrate reasonable expectation of an
adequate market; or in the case of financial assistance for
prototype development, have reasonable expectation of
fulfilling an airline requirement, as demonstrated by ac-
ceptability to the airlines.

“This is a financing plan,” said Mr. Harr. “This is not a
subsidy. It would provide the means for an American man-
ufacturer—and his subcontractors, suppliers and vendors
—to be the producers of the next generation of a specific
type of advanced transport aircratft rather than competitors
abroad.”
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Vanishing smoke plume in this McDonnell
Douglas DC-9 is visible evidence of
progress in airline program to modify the
JT8D engine powering the short and
medium haul DC-9 and the Boeing 737 and
727. The airplane’'s engines have had their
combustion chambers modified during
overhaul to eliminate the smoke plume
shown in photo at left.
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For several ycars therec has been a growing public con-
cern about ccology—the relationship between man and
his environment. One of the most popular targets of
those concerned about the atmosphere is the engine—
either internal combustion or jet turbine. These are the
engines that power much of the modern world.

There can be no argument with the proposition that
man should do all he can to take care of his environ-
ment. If controls over engine emissions are necessary,
then obviously realistic controls should be established
and enforced.

Meantime, the man in the street stands confused in
the midst of the considerably heated controversies that
have characterized environmental issues. Emissions have
especially been subject to emotion and much misunder-
standing.

It is apparent, for example, that many critics of
emissions do not know that man is not the prime

_producer of the emission materials for which engines

are being criticized.

The problem of public understanding—or lack of it
—is well illustrated by a recent statement by a legisla-
tor, as published in the Congressional Record, versus
the findings of a recent scientific study. The legislator
said: ‘““Autos account for nearly two-thirds of all carbon
monoxide in our air, more than one-half of hydrocar-
bons and two-thirds of nitrogen oxide.”

The scientific study says that nature produces 15
times more nitrogen oxides, 10 times more carbon
monoxide and 6 times more hydrocarbons in any given
period of time than do all of man’s activities.

The Clean Air Effort

Although manufacturers of engines and the vehicles
they power have been working for nearly two decades to
produce quieter, more efficient engines with reduced
ecological impact, federal action to establish deadlines
for meeting fixed anti-pollution standards is of more
recent date.

Public concern about the atmosphere and the quality
of the air we breathe led Congress to pass the Air Qual-
ity Act of 1967. One cause was the growing public
awareness that with the introduction of turbine-engine
aircraft in the late 1950s there were visible exhaust
plumes from the engines and more noticeable exhaust
odors at airports.

The Air Quality Act directed the Department of
Health, Education and Welfare to make a study which,
when submitted in mid-January 1969, concluded,
among other things, that:

An article entitled “What The Quiet Is All About,” in
the July 1972 issue of this magazine, discussed the
great strides that have been made in reducing the
noise of commercial aircraft operations, particularly
on and near major airports. The following article looks
at aircraft engine emissions from the standpoint of
what is the problem and what is being done about it.
—Editor

= Reduction of particulate emissions from jet air-
craft is both desirable and feasible.

= Further research is needed to define more precisely
the present and probable future nature and magnitude
of all other air pollution problems associated with air-
craft activity in the United States and to identify needs
for control measures.

The HEW report of 1969 led Congress to pass a
stringent “Clean Air Act” in 1970. This Act was
amended in 1972. The 1970 Clean Air Act directed the
Administrator of the Environmental Protection Agency
(EPA) to “establish standards applicable to emissions
of any air pollutant from any class or classes of aircraft
or aircraft engines which in his judgment cause or con-
tribute to or are likely to cause or contribute to air
pollution which endangers the public health or welfare.”

The operative. phrase is “. . . or are likely to cause or
contribute to air pollution which endangers public
health or welfare.”

In doing its job the EPA established standards for
various forms of emissions. Different standards were set
for several categories of aircraft engines according to -
size (pounds of thrust). EPA also established various
dates for meeting the standards, ranging from January
1, 1974 to January 1, 1979, depending on the category
of engine and the type of emission.

Who Pollutes with What?

The most common complaint is that internal combus-
tion and jet turbine engines emit exhaust gasses contain-
ing four components that are considered pollutants,

The first standards that must be met under the Clean
Air Act, as amended, apply to particulate emissions—
visible smoke from engines—particularly aircraft turbine
engines.

In 1965, aircraft and engine manufacturers and the
airlines began a program to eliminate the smoke plume.
A program to re-work many of the engines already in

service was begun in 1970.



It was in March of that year that a mecting was held
by the Secretaries of Health, Education and Welfare
and of Transportation with representatives of 31 air-
lines. A schedule for retrofitting the JT8D with reduced
smoke combustors was developed and voluntarily ac-
cepted by the airlines. The focus was placed on this
model engine becausc it powers more commercial air-
craft than any other engine—aircraft that scrve the
short- and medium-haul routes and, therefore, make
many more takeoffs and landings than do the trans-
continental and international jects.

By the end of September 1972 more than 90 per cent
of the 3,000 engines that power the McDonnell Douglas
DC-9 and Bocing 737 and 727 transport aircraft in the
commercial airline fleet had been modified. This ycar
the program will be completed. New cngines coming
into use and those planned for the future will put out
no smoke plumes.

Standards to be met later would control the emission
of gaseous components. These are:

= Carbon monoxide which in a confined space, such
as a closed garage or a tunnel, can bring on a headache
and can even kill if the concentration is great enough.

m Oxides of nitrogen which can have an adversc
effect on plants and other organisms.

®m Unburned or partially burned hydrocarbons which
react with the oxides of nitrogen in the presence of sun-
light to produce what is commonly known as smog.

(Aircraft turbine engines also produce carbon dioxide,
water and oxides of sulphur in negligible amounts. The
jet fuel does not now and necver has had cnough com-
pounds of lead to produce measurable lead emissions. )

Often overlooked is the fact that nature has its own
disposal system. For example, fungus in the soil in the
United States alone has the capacity to consume more
than double the amount of carbon monoxide produced
by all the vehicles and factories in the world.

One of the problems is that non-scientific critics are
prone to equate weight of emission products with
danger.

They miss the point.

If automobiles in the United States produce 40 million
tons of carbon monoxide in 1980, as predicted, that
weight is not a valid measure of harmfulness throughout
the country. The important factors are concentration
and toxicity.

In fact, looking across the complete spectrum of air
pollutants it now is estimated that motor vehicles ac-
count for only about 10 per cent of the potentially harm-
ful emissions produced by man, and jet aircraft account
for about one per cent. In other words, traffic congestion
and pollution are a classic cause and effect, and even so,
pollution is limited to those areas where a concentration
of vehicles, the geography and climatic conditions con-
spire to produce a concentration of emissions which are
“likely to cause or contribute to air pollution which en-
dangers the public health or welfare.”

Saying that automobiles produce 10 times as much
pollution as aircraft is not to say that this is a serious
ecological problem. Automobile manufacturers, under
an effort begun years ago, have done much to reduce
the emission of the three common pollutants—oxides
of nitrogen, hydrocarbons and carbon monoxide. And
further reduction is on the way.

But the question is. how big an offender s the auto-
mobile?

If, for example, we apply the even more stringent
1976 automotive pollution control standards to other
activitics of the average car owner we find that:

® The vegetation in the car owner’s back yard. just in
the process of growing and decaying, would give off as
many hydrocarbons as his automobile.

® [f he burns one log in his fireplace he’ll have used
up his daily allotment of carbon monoxide production.

® If he is using oil heat, he is limited to three gallons
of oil cach day, which will last about cight hours, or
he’ll be over the limit in oxides of nitrogen produced.

This suggests that if the standards for engine emis-
sions, now and in the future, are examined against the
rational criteria of concentration and toxicity they may
lend themselves to some realistic adjustment.

A recent report by the Chrysler Corporation states:
“The fact is that years of rescarch, involving millions of
people in hundreds of community studies, and in labo-
ratory studics, have not developed any evidence showing
any threat to health from average ambient levels of auto-
motive emissions.”

But, back to the airplanc.

As a point for re-emphasis, it is not a question as to
whether air pollution should be monitored and con-
trolled, but that aircraft c¢ngine cmissions are not now
significant polluters and will be cven less so in the
future.

The basic concern of lawmakers and those who must
establish aircraft standards and enforce them is focused
on the arcas encompassing major airports, such as those
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at New York, Washington and Los Angeles. Studies
have shown that the level of air pollution in suburban
or urban areas surrounding major airports is no greater
than the background of pollution produced within those
same areas. In fact, London’s Heathrow Airport actual-
ly provides an improvement in air quality over the gen-
eral background pollution in surrounding areas.

And in the case of the Los Angeles International Air-
port, a sampling site cast of the airport showed a higher
concentration of carbon monoxide when the wind was
from the cast (toward the airport) than when it was
from the west (across the airport). In other words,
man’s activities in areas outside of but near airports
probably contribute more pollution than do the activ-
ities on the airports.

It is because of findings such as these that two
scientific consultants, who provided much of the infor-
mation on which the proposed aircraft emission stand-
ards arc based, do not support the standards as they
now stand.

Over the years industry has achieved much, but there
has been little public recognition of this fact. Since the
Clean Air Act was passed, earlier on-going efforts by
the scientific and technological communities have been
stepped up. They have been gathering the facts that are
essential to a reasoned, unemotional and informed ap-
proach to identifying the nature and the scope of the

JET
AIRCRAFT

1980 1990 2000

YEARS

air quality problem, and to arriving at recommended
solutions.

Contrary to certain popular assumptions of the late
1960s, findings now indicate that:

® There has been a marked improvement in air qual-
ity in communities of all sizes, according to a recent
study made for the Council on Environmental Quality.

= There is no evidence that prolonged exposure to
average street level concentrations of engine emissions,
even in heavily populated urban areas, is a threat to
health, except possibly under infrequent and unusual

combinations of weather—temperature inversion and a
lack of wind.

All industry would agree that where controls are
needed they should be imposed. The important point is
that any controls should be tailored to meet the stand-
ards that scientific evidence shows to be necessary to
protect public health and welfare. The people who make
engines and the people who use them, as is the case
with scheduled airlines, long have been concerned about
their responsibility to man and the environment. They
have done much and are doing more every day. But
the standards imposed to control emissions must re-
quire only what is really necessary or there can be
unwanted, unnecessary and costly penalties to our dy-
namic economy as well as to the manufacturers, the
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SMOKE PLUME REDUCTION

1971 1972

More than half of the U. S. commercial airline fleet
is made up of two- and three-engine aircraft.
Because their air route segments are short to
medium in length they make many more takeoffs
and landings than do trans-contintental and trans-
ocean jets. Modern aircraft are not significant pol-
luters, but there were those who objected to the
visible smoke plume from the engine. Industry and
airline initiatives begun in 1965 culminated in a
1970 program to retrofit the two- and three-engine
fleet. By the end of this year this major segment
of the U. S. commer¢ial air fleet will be powered by
virtually smoke-free engines.

fuel producers, the people who buy and operate surface
and air vehicles, and even the people who ride in them.

A Look At The Proposed Standards

The Aerospace Industries Association, utilizing the
talents of member company experts, has conducted a
thorough study of the proposed federal regulations de-
signed to control air pollution from aircraft and aircraft
engines.

The AIA study concentrated on aircraft gas turbine
engines. Without going into the voluminous scientific
and technical details in the study, some resulting com-
ments are:

At most, the contribution of aircraft emissions to air
pollution at and near major airports is small and reduc-
tion in pollutant level achieved by controlling aircraft

emissions would not significantly alter the situation. The
sites where the airplance contributes by itself to hydro-
carbon levels that are g‘l";k“\‘If;'ti to exceed the air \Jli.':“ﬁ)
standards arc almost alwavs ncar the ends of runways.
In these locations it s doubtful that the public would
have access except inside airplane cabins, and even then
the exposure times would not be of the lengths specified
in the standards.

The AIA strongly recommends that the implementa-
tion dates of any cmissions standards be related to en-
gine certification dates. rather than the date of engine
manufacturc. This would be analogous to the .ii\!\iic‘g-
tion of standards to the “modcel year™ of automobiles.
By targeting the cticcuve date of any standards to the
certification date a given engine can be designed from
the outset to comply with any applicable emissions
standards and all subscquent production units of that
engine will meet the standards.

On the other hand. the requirement that all engines
of a given design. manufactured after a specific date.
meet applicable cmission standards is expected to result
in substantial cost increasces in the engines manufactured
after these cffective dates.

For engines alrcady certified and in production such
a cost impact may in many instances result in prohibi-
tive unit engine cost increases because these costs can
only be shared by a relatively small and declining pro-
duction base. The net effect might well be the premature
end of the production runs of some engines.

In view of these and other considerations the AIA
reccommends that the proposed 1976 standards for new
aircraft gas turbine engines be made applicable to new
engines certified on or after January 1, 1976, and the
effective dates on any proposed standards for subsc-
quent years also be based on engine certification dates.

In view of all of the efforts that have been and are
being made, and the fact that the engines other than the
JT8D, which alrcady is well along in the retrofit pro-
gram, largely are older engines it is reccommended that
a4 smoke emission retrofit requirement not be imposed.
Many of these engines will be phased out during this
decade. Therefore, any smoke emissions concerns asso-
ciated with these cngines gradually will be eliminated
without incurring the high costs associated with provid-
ing them with low smoke combustors.

The proposed EPA 1979 emission standards require
another substantial reduction in the oxides of nitrogen
emitted, coupled with the extreme reductions in both
carbon monoxide and total hydrocarbons emissions, Ex-
perience to date has indicated that these combined re-
ductions in pollutant levels cannot be met in any prac-
tical device available today. Obviously there must be a
period of thorough and costly rescarch leading to the
development of new design and construction techniques.

In summary:

1. The supporting data presented by the EPA does
not justify the overly restrictive aircraft engine ex-
haust emission standards currently proposed.

2. The large development effort and expense required
to retrofit in-use Class T2 engines for smoke reduction
is not warranted by the small benefit to be gained and
therefore the requirement should be eliminated.
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3. Exhaust emission standards should apply only to
engines which receive their initial type certificates after
the eticctive date of such standards.

4. The emission standards proposed for 1976 cannot
be achieved in engines certified prior to 1976, unless the
standards are modified or postponed.

5. The small engine (Class T1) category must be
subdivided to realistically represent the emission charac-
teristics of these engines.

6. The definition of specific emission standards for
1979 should be dcferred until needed research and de-
velopment of new combustor concepts can be completed.

7. Programs must be conducted to establish realistic
tolerance bands for any proposed standards.

8. It is mandatory that any proposed exhaust emis-
sion standard for aircraft gas turbine engines be refer-
enced to standard atmospheric conditions and further,
that methods be provided for relating the measured
emission levels to these standard atmospheric condi-
tions.

9. It is recommended that engine compliance with
exhaust emission standards be determined on the uni-
form basis of zero power extraction and zero service air
bleed, and that all tests be conducted on engine static
test stands at ground ambient conditions.

evidence is now overwhelming that photosynthesis is
quite inadequate to have produced the amount of
oxygen that is present in our atmosphere. The reason
is that the amount of oxygen produced by photo-
synthesis is just exactly enough to convert the plant
tissue back to the carbon dioxide and water from which
it came. In other words, the net gain in oxygen due to
photosynthesis is extremely small. The oxygen of the
atmosphere had to come from another source. A most
likely possibility involves the photodissociation of wa-
ter vapor in the upper atmosphere by high energy rays
from the sun and by cosmic rays. This process alone
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‘THE WORLD'S OXYGEN SUPPLY IS SECURE
Speaking to an international conference on environ-
ment in Mexico in January 1972 Research Scientist
Dr. A. L. Jones of the Standard Oil Company of Ohio
made a number of significant comments about ecology
and man’'s impact on his environment. Some excerpts
follow:
“For several years | have been deeply concerned
about reports of the destruction of our environment as
a result of technological recklessness, overpopulation
and a religious and philosophical outlook that gives
little consideration to the preservaton of nature.
“Three years ago | started to evaluate the premises
4,, upon which some of our major environmental concerns could have produced, over the histo
are based. The evidence that | have been able to find about seven times the present mass
has proved to be quite encouraging to me. atmosphere.
«“| wish to make it quite clear that | am speaking to “
you as a scientist and not as an emotional supporter of tually unlimited. It is not threatened b
any particular ‘side’ of ecology. . . . As scientists we in any significant way. If all of the or
must work in terms of what we know rather than what earth were oxidized it would reduce the
we do not know. Unless the pronouncements we make concentration of oxygen by less than 1 e
are verifiable by others, they are worthless. “I believe, as Thomas Jefferson dig thp
“some of the facts | present today may surprise is properly informed, the people will’m
many of you.'l can assure you my conclusions are sup- sions. | know that the public has not b
ported by evidence that is difficult to interpret in any of the scientific facts on man
other way. They can be verified by anyone who wishes ecology. Y mat
to do so- . ) “Let us not cry wolf until we ar.
«My first surprise concerns the air we breathe. that we have done enough home
» Throughout my .formal education .l have been taught wolf looks like. Otherwise we
that the oxygen in our atmosphere is SUPF}”ed by green credibility and not be believed by
plants using the process of phgtosynthesns. It is known warn them of the real wolves that
that plants take in carbon dioxide and, through activa- “... we are not on the brink of dj
tion by sunlight, combine it with water tg make starches oxygen supply is secure. There wij
and cellulose and give off oxygen. In th|§ way the whole poisonous carbon monoxide, Our
chain of plant and animal life is sustam-ed by energy pure again by adequate treatme
from the sun. When the vegetable or animal materials pearance of species is natura.
thus produced are eaten, burned, or allowed to decay recognized problems unless we
they combine with oxygen and return to the carbon basis of what we know rather than
dioxide and water from which they came. We must use our knowledge and n
“The surprise is that most of the oxygen in the the real problems of our environ
atmosphere doesn’t come from photosynthesis. The be better than most of our past if
e










tems, to benefit mankind’s agriculture, forestry, ocecanog-
raphy, geography, geology, water and land management,
communications, and ecology and pollution control.
Skylab also will open up a dramatic new ficld—the de-
velopment of manufacturing techniques in gravity-free
conditions, a ficld that has the potential for yielding such
products as higher quality vaccines and machined parts,
such as ball bearings, with a degree of near perfection
that cannot be achieved on Earth where gravity is a
factor.

® Human and Materiel Endurance—To determine
the ability of both human beings and Earth materials
and systems to maintain their qualitics and capabilitics
during long absence from gravity.

The Apollo-Soyuz Test Project, planned for 1975, is
the result of an agreement between President Nixon and
Chairman Kosygin of the U.S.S.R., madc last May, for
the rendezvous and docking of a U.S. spacecraft with a
Russian spacecraft. An Apollo spacccraft will link up
with a Soviet Soyuz spacecraft and while docked to-
gether astronauts and cosmonauts will visit both space-
craft and perform a number of scientific experiments.

A major purpose of the Apollo-Sovuz project is to
develop a rescue capability by demonstrating systems
that will permit the docking in orbit of any future
manned spacecraft of cither nation

But perhaps the greatest benetit from this project is
not definable in visible progress: The Apollo-Soyuz
project could form the viable basis for our nations to
work together at an engineering level in a program that
could well spread to other arcas of technical cooperation.

The main thrust of our manned space program for
the future is the Space Shuttle. An analysis of what the
U.S. has donc in space would show that we have de-
voted most of our space cffort in the Sixties to overcom-
ing gravity on the way to the Moon and back. In the
Seventics NASA aims to overcome the high costs of
operating cffectively in carth orbit.

The cost of the Space Shuttle is estimated at $5.15
billion compared with the $25 billion price tag on
Apollo. This, however, should not be an index of the
importance of the Shuttle. The Shuttle calls for much
greater technological advances and adds more to our
capabilitics in space than the general public realizes.

Skylab, an extension of the manned Apollo program, is designed to expand man’'s knowledge of manned Earth
orbital operations and to accomplish carefully selected scientific, technological and medical investigations.
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NASA Administrator Fletcher puts it this way:

“*Suppose we were back in 1961, and President Ken-
nedy instead of choosing the lunar landing goal, had
said: ‘Build a Space Shuttle before this decade is out.’
Believe me, without the technological progress we have
since made in Apollo, building the Space Shuttle in the
Sixties would have been an almost impossible assign-
ment. And the cost would have approached that of
Apollo. As it is, the cost is much less, but the Shuttle
remains a challenging assignment for NASA and the
skilled hands and minds of the aerospace industry. Com-
paring the usefulness of Apollo and the Space Shuttle in
Earth orbit would be like comparing Lindbergh’s New
York to Paris planc of 1927 with an intercontinental
airliner of today.”

The Space Shuttle appropriation for Fiscal Year 1973
was overwhelmingly passed by the Congress last year.
The Machinist, our union weekly, noted in a front-page
article in a May 1972 issuc: “More than 50,000 aero-
space workers will be employed on the program between
now and its first mission.™

Now that figure means a lot to every aerospace work-

er. It underscores a point I have made many times: The
U.S. did not spend one thin dime on the Moon; the en-
tire $25 billion was spent right here on Earth.

Representative Don Fuqua, of Florida, chairman of
the Manned Space Flight Subcommittee of the House
Committee on Science and Astronautics, in a speech on
the floor of the House, made these cogent points:

m One dollar spent on the space effort generates
$2.50 in Gross National Product (GNP), $2.00 in per-
sonal income and $1.50 in consumer outlays.

m A conservative evaluation of a $5.15 billion, six-
year shuttle program, applying the multiplier effect, in-
dicates a $12.9 billion addition to our GNP. Personal
income contribution would be $10.9 billion with con-
sumer outlays of $7.9 billion.

= The net federal tax return from this activity would
be on the order of $2.6 billion, returning half of the
original investment.

Congressman Fuqua concluded: “Not all federal ac-
tivity is or can be such an outstanding contributor to
our economy.”

These are the direct, identifiable economic benefits

A model of the U.S. S. R.’s Soyuz (upper right) and the U.S. Apollo spacecraft are
shown in simulated rendezvous and docking in Earth orbit. The mission, planned in
1875, will involve a joint flight by three U. S. astronauts and three Soviet cosmonauts.



The Space Shuttle releases a satellite into Earth orbit in this artist’s
conception. The Shuttle will carry up to 65,000 pounds of payload.

What is this program all about in terms of indircct
benefits such as cutting the costs of our manned and
unmanned space projects?

Courtland Perkins, Dean of Engineering, Princeton
University, emphatically states that we must, as a na-
tion, continue our remarkable activities in space ex-
ploration.

However, he adds: “At the heart of all this is the
potential expansion of these activities through the re-
duction of the cost of the space operation. Today we arc
impeded across the full spectrum of activities due to the
extremely high launch costs and the cost of space pay-
loads. The National Aeronautics and Space Administra-
tion must consider this to be their number one objective
in fulfilling their mission of advancing space tech-
nology.”

Dean Perkins mentions these possibilities for reducing
costs: Antigravity; a propulsion breakthrough; recovery
and re-use of launch systems and payloads.

Today the only one offering a payoff is the recovery
and re-use approach—the Space Shuttle. He lists these
other major justifications for the Shuttle:

® Takes full advantage of the NASA capabilities de-
veloped through their manned space program.

m Reduces our complicated stable of rocket lunchers
required for a wide variety of missions.

® [owers the cost and increases the flexibility of
space operations.

m Signals our young people that we are not about to
throw away our carefully developed technical capability.

® Can provide the focus for many new technical ad-
vances during the next decade.

“We arc orienting our national space program along
new lines and developing new motivations,” Dean Per-
kins says. “"There is a solid basce for our national space
program which can be expanded further in many practi-
cal ways if we can reduce the cost. The shuttle program
can do this . ..”

Physically, the Shuttle will consist of a manned re-
usable orbiter craft, mounted piggy-back at launch on a
large, expendable liquid propellant booster and two re-
coverable and re-usable solid propellant rocket boosters.
The orbiter will look like a delta-winged airplanc, about
the size of a McDonnell Douglas DC-9. In fact, after it
completes an Earth orbit mission, the orbiter returns to
Earth and lands in the same fashion as a jetliner.

NASA has madec studies of Space Shuttle missions
over the next 18 years that indicate approximately 26
per cent are likely to be manned or man-tended, in-
cluding the manned sortic missions.

Man-tended payloads are concentrated in physiCS,
astronomy and processing in space because such mis-
sions involve either complicated laboratory equipment
and human judgment or selective observations, in the
case of astronomy.

The remaining 74 per cent, involving delivery of
unmanned missions, are cxpected to be made up as

follows:

Applications: Earth resources, communications
and navigation ... 27 per cent

Science: Physics, astronomy and planetary 25 per cent

Department of Defense ... 22 per cent



In launching unmanned automated payloads the
Space Shuttle flight crew will be able to check out the
satellite in space, make adjustments, and calibrate in-
strumentation to ensure successful operation before
leaving the satellite unattended.

If necessary, the satellite can be retrieved and re-
turned to Earth for more extensive repair to avoid a
complete loss. The Shuttle will also provide a capability
to repair in space or to retrieve a malfunctioning satellite
from Earth orbit.

In a study of 131 satellite failures which have oc-
curred in the past, 78 were related to launch problems,
which could have been avoided with the more reliable
shuttle vehicle. Of the remaining 53, the spacecraft were
inoperable or erratic and could have been returned to
Earth for further work if the Shuttle were available.

An example of the usefulness of the Shuttle is in the
Orbiting Astronomical Observatory program (OAO)
where millions of dollars could have been saved by
using the Shuttle’'s operational flexibility. A battery
charger failure of OAO 1 could have been corrected
by returning it to Earth. The shroud jettison problem
that prevented OAO 3 from attaining orbit could have

MANNED SPACE FLIGHT BUDGET PLAN
Principal Programs
(In Thousands)

FY 1972 FY 1973 FY 1974

SPACE SHUTTLE ... ... $100,000 $200,000 $475,000
SKYLAB . 538,500 502,000 233,800
APOLLO-SOYUZ TEST PROJECT ... 6,900 38,500 90,000
APOLLO 601,200 76,700 .

been avoided if it had been launched from a Shuttle.

I am proud that on my motion the AFL-CIO Ex-
ecutive Council last year adopted a statement backing
the Space Shuttle.

The Council said: “The benefits of next generation
space applications in such fields as the management of
natural resources, monitoring of pollution, weather mod-
ification and climate control, television distribution,
carthquake prediction and public health and safety will
not be fully realized unless we can reduce costs and
raise efficiency and acquire a flexibility of action not yet
possible. That is what the space shuttle is for. Without
it. we will lose many valuable programs.”

The Council concluded: “We can no more ignore
space than we can ignore the oceans or the continents.
We would not have the free world without ships, with-
out aircraft or without land mobility. We cannot envision
a secure, technologically advanced western world with-
out technologies that allow us the freedom of space as
well.”

The statement was valid then. It is even more valid
today as the Shuttle moves toward operational readiness.

MANUFACTURING
MEMBERS

Aerodex, Inc.
Aerojet-General Corporation
Aeronca, Inc. S
Amphenol SAMS Division
The Bunker-Ramo Corp.
Avco Corporation
The Bendix Corporation
The Boeing Company
CCI Corporation
The Marquardt Company ;
Murdock Machine & Engineering
Chandler Evan Inc.
Control Systems Division of
Colt Industries
Collins Radio Company
E-Systems, Inc.
The Garrett Corporation
Gates Learjet Corporation
General Dynamics Corporation
General Electric Company
Aerospace Business Group
Aircraft Engine Business Group
General Motors Corporation
Detroit Diesel Allison Division
The B. F. Goodrich Company
Aerospace & Defense Products
Goodyear Aerospace Corporation
Grumman Aerospace Corporation
Gyrodyne Company of America, Inc.
Heath Tecna Corporation
Hercules Incorporated
Honeywell Inc.
Hughes Aircraft Company
IBM Corporation
Federal Systems Division
ITT Defense-Space Group
ITT Aerospace/Optical Division
ITT Avionics Division
ITT Defense Communications Division
Kaiser Aerospace & Electronics Corporation
Lear Siegler, Inc.
Lockheed Aircraft Corporation
LTV Aerospace Corporation
Martin Marietta Corporation
McDonnell Douglas Corp.
Menasco Manufacturing Company
North American Rockwell Corporation
Northrop Corporation
Philco-Ford Corporation
Pneumo Dynamics Corporation
Raytheon Company
Missile Systems Division
%CA Corporation
ockwell International Corporati
Rohr Industries, Inc. BT
The Singer Company
Aerospace and Marine Systems Group
_ Education and Training Products Group
Sperry Rand Corporation
Sundstrand Corporation
Sundstrand Aviation Division
Teledyne CAE
Teledyne Ryan Aeronautical
Textron Inc.
Bell Aerospace Company
Bell Helicopter Company
Dalmo-Victor Company
Hydraulic Research & Manufacturing Co.
¥h1c;kl({)l Cherlr:ical Corporation
ool Research and Engineering Co i
TRW Inc. g g Corporation
United Aircraft Corporation
Westinghouse Electric Corporation
Aerospace Electrical Division
Aerospace & Electronic Systems Division
Astronuclear Laboratory
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Floyd E. Smith, President of the International Association of Machinists and Aerospace
Workers, discusses the future of space flight in Man In Space: A Look Forward. Page 12.
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AEROSPACE ECONOMIC INDICATORS

CURRENT OUTLOOK

Total Aerospace Sales Value of Civil Aircraft Shipments New Orders — Monthly Average
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- Atrospace obligations by Dept. of Defense and NASA.
smemn Non-government prime orders for aircraft and engines.
AVERAGE LATEST SAME PRECEDING LATEST
ITEM UNIT PERIOD 1962-1971 PERIOD PERIOD .
” SHOWN YEAR AGO A TERIODT RERIGD
y Annual 4th
AEROSPACE SALES: Total Billion $ Rate 23.5 Quarter 21.6 21.0 21.3
Billion $ Quarterly 5.9 1972 5.2 5.4 5.6
DEPARTMENT OF DEFENSE
Aerospace obligations: Total Million $ Monthly 1,240 Dec. 1972 1,565 914 1,045
Aircraft Million $ Monthly 733 Dec. 1972 900 485 657
Missiles & Space Million $ Monthly 507 Dec, 1972 665 429 388
Aerospace outlays: Total Million $ Monthly 1,147 Dec. 1972 1,120 1,094 969
Aircraft Million $ Monthly 665 Dec. 1972 681 596 531
Missiles & Space Million $ Monthly 482 Dec. 1972 439 498 438
Aerospace Military Prime
Contract Awards: TOTAL Million $ Monthly 1,057 Mar. 1973 1,199 625 1,225
Aircraft Million $ Monthly 631 Mar. 1973 726 328 21
Missiles & Space Million $ Monthly 426 Mar. 1973 473 297 504 B
NASA RESEARCH AND DEVELOPMENT
Obligations Million $ Monthly 270 Mar. 1973 287 227 289
Expenditures Million $ Monthly 271 Mar. 1973 315 244 302
BACKLOG (55 Aerospace Mfrs.): Total Billion $ Quarterly 22.1 4th 24.6 26.6 26.9
U.S. Government Billion $ Quarterly 13.6 Quarter 14.0 15.2 152 |
Nongovernment Billion $ Quarterly 9.1 1972 10.6 11.4 1.7
EXPORTS |
Total (Including military) Million $ Monthly . 204 Mar. 1973 493 358 569 ‘
New Commercial Transports Million $ Monthly 59 Mar. 1973 252 140 275 g
PROFITS | 4th |
Aerospace — Based on Sales Percent Quarterly 2.6 Quarter 1.4 23 23 |
All Manufacturing — Based on Sales Percent Quarterly 4.9 1972 4.1 4.2 44 |
EMPLOYMENT: Total Thousands | Monthly 1,286 Feh. 1973 924 944 941 f
Aircraft Thousands | Monthly 699 Feb. 1973 508 512 51 !
Missiles & Space Thousands = Monthly 144 Feh. 1973 89 94 94 ;
AVERAGE HOURLY EARNINGS, ' E
PRODUCTION WORKERS Dollars Monthly ‘ 3.48 Feh. 1973 4,54 4.83 4.87

# 1962-1971 average is computed by dividing total year data by 12 or 4 to yield monthly or quarterly averages.
T Preceding period refers to month or quarter preceding latest period shown.

Source: Aerospace Industries Association



TOWARD IMPROVING
A CRITIGAL RELATIONSHIP

By KARL G. HARR. JR..

pfeSIdont, Aerospace Industries Association

Long before the term “‘consumerism’ became commonplace,
the great majority of business managers believed strongly in
the doctrine that there is nothing to be gained by “picking on
the customer.” You just didn't do it.

Last month this association assumed a risk that its release
of a report pointing out that government was a ‘‘monopsony”’
could be interpreted as an indiscreet jab at the industry's
long-time major customer. To the contrary, the reaction to
déte indicates general understanding of our purpose in com-
Mmissioning the study: to make a constructive contribution to
amore informed public discussion of the government-industry
relationship and to the effort to make that relationship better
_Serve the interests of the nation, the goverrment and the
'Ndustries concerned.

Readers of Aerospace need not seek out a dictionary to
learn the meaning of monopsony. Because of the interest
9enerateq by our report, “Monopsony—A Fundamgntal Prob-
lem in Government Procurement,” we are presenting a sum-
Mmary of its findings and recommendations in this issue.

The aerospace industry has long been concerned that
Widespread lack of understanding of the nature and com-
Plexity of what is termed “‘the government procurement proc-
€Ss” has, on many occasions, led to searches for vullanr?s or
for simplistic solutions to procurement problems. Essen,tynally,
the monopsony study neither “picks on the cu§tomer nor
identifies villains, but rather points out ho.w both industry and
government have over time become victims of the procure-
ment process itself. )

Due to the current interest in the process stemming from
an extensive report released earlier this year by the Com-
mission on Government Procurement, hopefully the princi-
ples and policies affecting the government-industry relation-
ship can be improved to the nation’s benefit.
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By JERRY HANNIFIN

Washington Correspondent, TIME, Inc.

“Th - P . . . .
Uniteel: Sli nothing unfriendly in this, but I fail to see how we're going to allow the
ates to produce ninety percent of European commercial airplanes . . .”

British Airways Chairman David Nicolson, at the
International Aviation Club, Washington, D.C.

{




The challenge conveyed in Chairman Nicolson's state-
ment reflects the mood of the 30th International Paris
Air Show at Le Bourget. At this most significant of all
world aerospace shows, it was plain that U.S. pre-
eminence is being challenged by the newly-strong, tech-
nologically-competent, and government-backed aero-
space industrics of Western Europe and also the Soviet
Union.

It was the biggest show ever, with more than 700 ex-
hibitors from 19 countries, including Australia, a new-
comer at Paris demonstrating a target/reconnaisance
drone with RPV (Remotely Piloted Vehicle) potential.
Almost one million people, including acrodynamicists,
airline presidents and aerospace marketing c.{pcrts from
around the world—also thousands of French family
groups, nibbling ice cream cones and standing in line
for hours for a brief glimpse inside the Anglo-French
Concorde SST—uvisited the greatest fete aerienne of
them all.

They also saw a wide variety
offered by the West Europeans
cluding two supersonic transports, the world’s first twin-
jet air bus and various military aircraft, and the dazzline
new US Grumman F-14, publicly demonstrated for the
first time. U.S. Secretary of the Navy John W. Warner

of new civil aircraft
and the Russians, in-

remarked after the F-14 zoomed from the runway
straight up out of sight: “That, for me, is the greatest
event at this show . ..”

But the U.S. plane-makers did not have a single new
commercial aircraft design to sell. In fact, the newest
major U.S.-made commercial aircraft on display at Le
Bourget were the familiar McDonnell Douglas DC—IQ,
and the Lockheed L-1011, both first shown at Paris in
1971. A Boeing 747C in World Airways livery also. was
on display briefly, and helped to enhance the relatively
thin U.S. presence. But unfortunately, the US. is
neither building nor planning firmly to build the k.md
of airplanes that the West Europeans and the Soviets
already are offering for sale. o

What has happened to the U.S. will? Scandinavian
Airlines President Knut Hagrup, a Le Bourget visitor,
commented: “U.S. commercial jet transports have dorp-
inated the world not by accident, but because your air-
craft proved worthy in the marketplace. Airlines bought
them because they are the best.” He should know. SAS
has bought $620 million of U.S.-built jets. and that’s
about three times as much in dollars as SAS has sold the
U.S. traveler in services since 1959.

A profound change is shaping in the world market
for commercial aircraft, and for aerospace products of
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Northrop’s P-Séo Cobra, shown here in full-size rhock-up, is a mruilti-role fighter designed to meet defense

needs in the 1980-2000 time period. It was shown outside the U.S. for the first time at the Paris Air Show.

Senator Barry Goldwater, Personal Representative of
the President at the 30th Paris Air Show, stated in his
report: . . . Mr. President, | think we in America have to
wake up to the fact that the Europeans intend, not just
to catch up, but to replace us as the world leader in
aeronautics and everything associated with the field.
Our industry must realize that it no longer dominates as
it did before the ridiculous decision to stop the SST. |
think we must also realize that growth and advance-
ments in the general fields of aeronautics, particularly
in the medium of heavier aircraft, will have to be done
with an eye on international cooperation and also with
the possible, although not needed now, across the
board support of the Federal Government in the en-
couragement of constantly advancing technology.”

all sorts. Hot international rivalry is in the works. An
aggressive new phase in aerospace marketing is emerg-
ing. The 1973 Paris Air Show confirmed a tidal shift in
world competition for civil and military equipment.

“Patterns change,” said Hagrup. “The competition
U.S. plane-makers now face from other plane-makers
is complex and intense. In some cases, the competition is
now ahead of the U.S. Other nations are flying planes
for the 1980 markets . . .”

To be sure, there has been a tradition of token com-
petition among the West Europeans in commercial air-
plane design and manufacture since the end of World
War II. The Russians, however, almost universally in
the West, simply have been ignored.

Until the advent of the European-designed SST, the
Airbus Industries’ twin-jet A300B and the new Marcel
Dassault short-haul jet Mercure, U.S. plane-makers
always have led in introduction of the new product,
or they have been able to leap ahead to capture the
market with improvements, as Boeing and McDonnell
Douglas seized the international jet transport market
after the U.K.’s bold but ill-fated venture with Comet 1.

“We were first, once, starting with Lindbergh, but we

may be running out of stcam. We'y
on the drawing boards after the wide-bodied jets.” Sen-
ator Howard Cannon, Scnate Aviation Subcommittee
Chairman, commented  recently. “Consider that the
Anglo-French SST Concorde program well may be a
SCt—h;lCE\; for the U.S. acrospace industry in the long
run . ..

Surely, the members of the British Airceraft Corpora-
tion-Acrospatiale consortium, builders of the West's
only SST, arc to be admired for their courage and
achievement with the Concorde, a technologically su-
perb but cconomically marginal machine. “The Con-
corde is not a matter of pride with us, please under-
stand,” Acrospatiale President Henri Ziegler said at
Le Bourget. “Concorde is a matter of business. We have
persisted, and we shall persist. That’s business . . .”

In business, it may be observed, indifference to mar-
ketplace realities is limned with extreme hazard. A
hardy corps of scnior U.S. acrospace companies alone
has borne responsibility for the American presence at
the Paris Air Show for more than a decade. At recent
shows the U.S. Department of Commerce has lent its
support at the still relatively new U.S. Pavilion with
enormous success. In fact, Paris Show visitors literally
have fought their way into the crowded U.S. Pavilion on
public days to see the Lindbergh New York-to-Paris
Ryan airplane model, and the U.S. NASA Apollo cap-
sule. This year, the U.S. celebrated 70 years of manned
flight in a “Kitty Hawk To Space” exhibit, and the dis-
play areas were crowded, as usual, with enthusiastic
and curious French children learning about William
Boeing, Tgor Sikorsky and Glenn Martin—and also
buyers from Europe and around the world. U.S. Pa-
vilion officials estimate that upwards of $100 million
in prime or secondary orders will result from the 1973
Pavilion displays (up from $56.6 million in 1971),
ranging from sales of Aviatech Company’s flight simu-
lators for single and light twin engine aircraft, to Boe-
ing’s new airport administration subsidiary. .

The U.S. display also honored the Brazilian air pio-

‘¢ 2ot nothing new




neer, Santos-Dumont, born in 1873, whose Paris flights
in his fragile 14-Bis monoplane made aviation history.

In terms of long-range significance for the U.S. aero-
space industry, the 1973 Paris Show may have signaled
a moment of historic change, a technological cross-
roads. Meaningful shifts in international marketing
style, and also in conceptual modes of international joint
cffort clearly were in evidence at Le Bourget. The ques-
tion which now rises and broods is whether the U.S.
acrospace industry will respond «to the extraordinary
opportunities discernible on the international horizon.
Furthermore, U.S. Government attitudes and responses
are, at best definition, quite ambiguous in a trade arca
of national significance. Fortunately. there already are
signs that individual U.S. acrospace industry leaders
have analyzed positively the new opportunities and are
prepared to engage the new international market and
production potential so dramatically in evidence at
Paris.

Bocing Company Chairman Emeritus William Allen,
widely admired for his internationalist views, spoke for
@ major scgment of the U.S. acrospace industry when
he urged the climination of tarift barriers on aerospace
2oods in international trade, and also recommended a
frec and open transfer of technology on a “two-way
street . . In substance, acrospacce industry leader
Allen was addressing himself to the reality made plain at
Le Bourget. The Western Europeans indeed already
have benefitted from access to advanced U.S. technol-
02y, but the Europeans themselves also have made ma-
Jor contributions which amount to breakthroughs in
acrospace technology, including Sir Frank Whittle’s
revolutionary jet engine itself, as well as the helicopter
and the swept wing. Allen’s summons to the U.S. aero-
Space industry is that its horizon will expand only in
d.n*cct proportion to its willingness to keep future for-
€ign markets open by cooperation, including joint ven-
tures with foreign companies.

Northrop Corporation’s President Thomas V. Jones
also is in concurrence with Allen’s philosophy. At Paris,
where Northrop revealed a full-scale mockup of its pro-
Posed new P-530 Cobra fighter-interceptor for the
European market, Jones said: “We would prefer to
make our U.S. technology available to the world, to ap-
ply those technologies to the needs and purposes of
others—in socio-economic, political and human fac-
tors. We are not just U.S. hardware salesmen. It is the
U.S. style, as a country, to run an open race. It also has
been U.S. policy to help make these nations strong, to
assist them in providing for their own defense. It is my

United Aircraft’'s exhibit at the Paris
Air Show, along with its turbine

‘engines, featured its rocketry and
flight systems.

General Electric CF8-50 engines,
rated at 50,000 pounds of thrust, have
been shipped for use in the McDon-
nell Douglas DC-10 Series 30 aircratt,
Airbus Industries A300B and the
Boeing 747-300.

belief that the U.S. must emphasize its R&D in ad-
vanced technology in order to obtain a continuing flow-
back in orders from abroad. Meanwhile, we shall re-
main independent ourselves as the world moves toward
independence . . .”

The competitive world mode confirmed in substan-
tial evidence at Le Bourget this year virtually will re-
quire U.S. aerospace prime contractors to become in-
ternational, along the lines of Boeing and Northrop.
Northrop has internationalized the Cobra program by
developing the aircraft along common requirements and
specifications of various nations. The participating coun-
tries would then participate in production of the aircraft
in proportion to their orders.

The Boeing Company is swiftly diversifying, bridging
acrospace to inner-city systems management projects,
and agri-business, and also is engaged as shareholder,
partner or in licensing joint efforts around the world—
in Japan, with the Messerschmitt-Boelkow-Blum group
of West Germany, and with Italy’s Aeritalia. In Italy,
Boeing is engaged in the joint design and construction
of a revolutionary “7X7” twin-jet RTOL—a reduced
takeoff and landing aircraft, using new engine and air
foil lift technology. Later models of the “7X7” would
include long-range aircraft, but all of the. new series
would use a new engine, the European designated “dix
tonne,” or ten-ton thrust (20,000 pounds) turbofan.
Although the proposed engine is still called the “ten
tonner,” its thrust growth already is projected in the
40,000 pound class.




Significantly at Paris, the Pratt & Whitney Aircraft
Division of United Aircraft Corporation announced that
a group of international engine makers, including Ger-
many’s MTU—Motoren-und Turbinen-Union—and
Italy’s Fiat-Alfa Romeo group had initiated an agree-
ment to build the JT10D, a 25-30,000 pound thrust
class turbofan. The new P&W design would incorporate
the latest improvements in engine noise control and ex-
haust emission technology. The JT10D would be a
candidate engine for the new Boeing “7X7” series, as
well as other new commercial aircraft in Europe and
in the U.S.A.

P&W President Bruce N. Torell commented: “We be-
lieve the JT1I0D agreement to be a significant move
toward improving the U.S. international trade posture.
The world is being restructured, and out of this will
emerge new and different approaches in the social,
political and business spheres in terms of international
cooperation. The complexion of the international mar-
ketplace is changing, and to compete successfully in
this new trade world, American companies must form
new business alliances . . .”

In the judgment of senior Paris Show observers, the
JT10D engine—on display in full scale mock-up—and
the Pratt & Whitney Aircraft announcement acknowl-
edging a further move toward internationalization was
the most significant U.S.-connected event at the Paris
Show. “This new engine will bring added vitality to the
Western European aerospace industry,” Aerospatiale’s
Ziegler commented.

The P&W Aircraft announcement also confirms a ris-
ing level of effort now underway quietly in Europe’s
international jet engine market. In essence, the western
world, aircraft engine makers have initiated technologi-
cal exchange at an advanced level, principally under
licensing arrangements. P&W already is a partner in
SNECMA, the French government-aligned engine
maker, and General Electric has been granted permis-
sion by the U.S. government to transfer certain com-
pany-developed combustion technology of the F101
engine (designed for the U.S. supersonic B-1 bomber
being built by Rockwell International) to France’s
SNECMA.

The U.S. approval of transfer of this advanced tech-
nology means that General Electric and French
SNECMA will be partners ostensibly in competition for
the new turbofan engine in the Boeing-Aeritalia “7X7”,
among other advanced aircraft designs. Significantly,
the U.S. Administration approval was announced at
Paris.

Top officers of the U.K.’s Rolls Royce engine com-
pany also recently visited GE in the United States to
discuss possible licensing and joint parts manufacturing
possibilities. The Rolls proposals are now under study
at GE.

In summary, a new dimension of international coop-
eration in commercial jet engine design and production
is visible, with the two U.S. giants, GE and Pratt &
Whitney, moving toward technological sharing and part-
nership in fact with the West European majors, Rolls
Royce, SNECMA, Germany’s MTU, and Italy’s emerg-
ing Fiat-Alpha Romeo.

Reported Aviation Week & Space Technology Edi-
tor-in-Chief Robert B. Hotz in an editorial: “The name

of the U.S. export gamc is changing. Customers no
longer want just hardware or licenses. In most cases they
want advanced technology. technical training of their
own nationals and somc management expertise . . ¢
The joint ventures of Bocing with I*aly and Japan, the
Pratt & Whitney Aircraft JTIOD consortium proposal
and the Northrop Cobra development offer clues as to
trends that should prove successful in the new cli-
mate ...”

It is going to be very difficult to scll U.S. military
aerospace hardwarc in Europe in the timec ahcad—un-
less U.S. cngine and plane-makers are willing to col-
laborate intensively with the new and still-forming
European consortia. A pertinent example, as announ
at the Le Bourget Show: Westland Aircraft Ltd. of the
U.K., and France’s Acrospatiale have formed a jointly
owned company called Heli-Industrics, Ltd., registered
in England, but with headquarters in Paris. A major
mission: to promotc European rotary winged aircraft
throughout the world, increasing the “competitiveness”
of the Europcan hclicopter industry. Plainly, the Euro-
peans feel very confident indeed that they can and will
fill their own requircments, and arc now prepared to
challenge the U.S. aerospace industry, in copters, Or
whatever, anywhere in the world.

In addition, Western Europeans arc taking a more
active role in the U.S. space program. Last year, NASA
launched 12 West European space probes, and the W?St
Europeans, in consortium, are expected to build
“Spacelab,” a large satellite that will be launched in
1979.

At Paris, for the first time, a full-scale mock-up of
the U.S.-Soviet Apollo-Soyuz was displayed under a
huge, white, geodesic dome, and was one of the “show-
stoppers,” with both U.S. astronauts and Soviet cosmo-
nauts appearing regularly at press conferences and
mingling informally with the visitors, answering ques-
tions in English, French, Russian, German, Spanish and
Italian. Translations of other languages were available
upon demand.

The 1973 shows at Le Bourget also was notable for
the appearance of a maturing new breed of Soviet tech-
nician-businessman-sales expert, marching in eqhelon
with black saddle-leather briefcases stuffed with alr-craf’s
data, specs—and open contracts. The “New Russians
at the Le Bourget show also were smiling, friendly and
out-going, hospitable in the Soviet chalet (No. 1 on the
flightline), and cordial in relations with their neighbors
in adjacent chalets—the Boeing Company, and also
I.A.L, the Israel Aircraft Industries. In fact a Russ:a’n
sales team from Aviaexport (the Soviet Government's
aerospace sales monopoly) called on the Israeli ch.alet
with bottles of vodka and jars of caviar to the delight
and also the bafflement of the Israels. The 1.A.I. bar-
tender immediately began mixing the gift vodka 1In
“screwdrivers”, using Jaffa orange juice.

The Soviets at Aviaexport have used the Paris show
not only to assess and regularly copy certain western
technology, but also as a training ground for the Avia-
export sales teams. After eight years since the first
Soviet formal appearance at the Paris show (1965), the
Soviets obviously feel confident and competent enough
to challenge anybody.

The significant new Soviet and European aircraft - :
types at Paris: >




* Tupolov Design Bureau's new TU-144, a radically
redesigned and stretched production version of the
original Russian supersonic transport. The 1973 version
of the Soviet SST. in the judgment of qualified Western
observers is a “very impressive machine . . ." The TU-
144 will be the world's first SST to enter scheduled
service, probably at the end of 1974, flying a trans-
Siberian route within the Soviet Union.

The Soviets also have redesigned the cabin interior of
the new TU-144, eliminating the “tube™ effect that some
customers don’t like about the Concorde. The Soviets
have split the long, 140-scat cabin into three sections
to break up the “tube,” using a gold, red and gray color
scheme. )

* Europcan Airbus Industries” A300B. the first wide-
bodied twin-jet transport designed to operate from
shorter runways at urban arca airports, using General
Electric CF-6 turbofans.

* VFW-Fokker's 614, a West German twin-jet with
engines mounted on pods over wing, designed for clean,
quiet operation from close-in urban area airports.

» Concorde, the Anglo-French SST, was shown at
Paris in production model, flying a demonstration flight
daily from Le Bourget. Henri Ziegler is betting that
Western airlines will rush to place orders after the SST
Concordes of Air France and British Airways begin to
cut the flying time across the Atlantic by half. “Every
day that we fly a demonstration group of about 30 per-
sons, we acquire about 30 more enthusiastic advocates
for supersonic flight.” said Ziegler.

With the appearance at Paris of the new Soviet TU-
144, and the production version of the Concorde, vari-
oOus western airline officers who as recently as this spring
were immensely skeptical of commercial supersonic
flight in the west during the 1970’s, now have begun to
revise judgment. Perhaps significantly, senior level talks
between executives of U.S. Rockwell International.
Aerospatiale and the British Aircraft Corporation al-
ready are underway concerning possible collaboration
In production of an advanced model Concorde SST. a
larger, and longer-range version.

The United States has an enormous stake in main-
taining its share of the acrospace market, both at home
and abroad. Aerospace is still the single largest U.S.

manufacturing employer, and during the last eight years,
the American industry has sold $136 billion worth of
aircraft and engines at home and abroad. During the
next ten years, total aircraft purchases in the world are
expected to amount to $150 billion. The U.S. can hope
that its wide-bodied jets, the Boeing 747, the McDonnell
Douglas DC-10 and the Lockheed L-1011 will account
for about half that amount. But at the moment there is
no U.S. SST on the horizon. Meanwhile, both the U.S.
Congress and the U.S. aerospace industry still are suf-
fering intimidation from anti-technologists and environ-
mentalist crusaders.

The U.S.., nevertheless, will have to build new air-
planes to compete if indeed the U.S. still has the will to
compete. A White House analysis warns that U.S.
failure to retain its leadership in the aerospace industry
could have disastrous effects on the nation’s economy.
By 1976, the White House report estimates, the U.S.
could lose its favorable trade balance in aircraft sales,
and by 1985 the deficit could grow to as much as $6
billion annually. By that time, of course, the U.S. would
be buying airplanes from Europe and the Soviet Union.

The Boeing 747C, with its nose
up for cargo-loading opera-
tions, was displayed at the
Paris Air Show. Two men can
fully load or unload this entire
main deck in one hour.
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“Monopsony™ may never become a household word, but
it is gaining currency in discussions of Government-
industry relationships as a result of the latest report re-
leased by the Acrospace Rescarch Center of the Acro-
space Industries Association.

“Monopsony™ is the opposite of monopoly. It is the
term economists usc to describe the domination of the
market by a single buyer.

The new report. “Monopsony—A Fundamental Prob-
lem in Government Procurement,” zeros in on the lop-
sided character of the Government-industry relationship
as the central flaw in the procurement process, and rec-
ommends ways of bringing it into better balance for the
benefit of Government, industry and the country.

The report was prepared for the resecarch arm of AIA
by The Orkand Corporation, hcaded by Dr. Donald S.
Orkand, well-known cconomist. specialist in operations
research and in the design of planning and management
systems.

“The Government can, by virtue of its monopsony
power, force industry to accept terms and conditions
that differ significantly from those that would result in a
free market in which the powers of the buyer and seller
were more cvenly balanced.” That, the report con-
cludes, is the central problem that underlies the various
issues and abuses involved in the present procurement
process. The remedy recommended by the Research
Center is that Congress establish an independent Gov-
ernment Procurement Practices Board charged with the

MONOP

A Fundamental Problem in

mission of overhauling and oversceing the procurement
process on the basis of one overriding criterion: that
the conditions and outcomes of the procurement proc-
ess should, to the fullest extent feasible, be those that
would result in a free market in which the powers of the
buver and seller were more evenly balanced.

The importance and the urgency — of reform, the
report emphasizes, is underscored by the fact that the
government as a buyer of goods and services is moving
more and more into the domestic market and beginning
to exert its monopsony power in such areas as mass
transit, health, education and environmental protection
according to the patterns and precedents set in the De-
fense and Space fields.

The report points out that those patterns and prece-
dents have served nobody well.

There scem to be more and more complaints from
experts and non-cxperts alike in government about
schedule slippages, technical failures and cost overruns.
These complaints are matched by industry complaints
about changing requircments, excessive regulation, in-
cquitable procurement practices and unacceptably low
profits. And while government and industry have
pointed accusatory fingers at cach other, the reaction of
a confused and generally unsophisticated public has
been a “plague on both their houses,” reflecting a sus-
picion that somchow government officials and private

industry are misallocating and mismanaging scarce
public resources.

But the problem is that neither party is the villain.
Rather, both are, in different ways, victims of the pro-
curement process itself. This process often, and almost
inevitably, results in bad bargains for everybody con-
cerned. The process is characterized by:

+ A product line determined by the Government cus-
tomer and subject to severe and sudden shifts in require-
ments and program levels.

» A product line continually pressing upon the fron-
tiers of technology and thus entailing an unusually high
degree of uncertainty and risk.

- Single programs of high funding levels, high unit
value items and relatively small production runs.

» Exceptionally long lead-times in bringing products
and programs to ecventual completion.

+ Lack of a commercial market for most of the in-
dustry’s products.

* A procurement process that has developed in piece-
meal fashion without regard to its overall impact.

After briefly describing the theoretical workings of
the free market mechanisms under “pure” or “perfect”
competitive conditions, and the familiar deviation of
monopoly, the report examines in some detail the un-
familiar condition of monopsony and, in particular, the
role of the Federal Government as monopsonist. It

Government Procurement

traces the monopsonistic power of government to three
complementary sources:

1. The government’s ability to dominate the market
through the sheer volume of its purchases and the
uniqueness of the products and services it seeks.

2. Its ability to dominate the market through pro-
cedural and regulatory powers that the industries in-
volved do not possess.

3. The inability of government-oriented firms to
leave the government market for freer and more pro-
fitable ones.

Since the start of the Sixties, government purchases
in acrospace have ranged from 20 to 30 percent of total
national defense and space expenditures and have con-
stituted as much as 92 percent of industry sales in the
case of some individual firms. This power that the gov-
ernment exerts in the economy as a whole, and in the
defense and space sectors in particular, is reinforced by
the vast regulatory and procedural powers that the
government cxclusively possesses. The Armed Serv-
ices Procurement Act of 1947 and the Federal Prop-
erty and Administrative Service Act of 1949 are the two
basic statutes that set out, in broad terms, the policies
and principles governing federal contracts. These over-
all policies and principles have, over the years, been
implemented and supplemented by an ever-growing col-



lection of regulations and provisions, many of which
have the force of law when cited in a contract. Govern-
ment procurement contracts are literally filled with
“boilerplate” — a variety of standard provisions that
are required by statute or regulation to be included in
public contracts and which impose terms that other
parties would be unlikely to accept under more normal
market conditions.

The standard “changes” clause that permits the gov-
ernment to order certain unilateral changes within the
scope of the contract, and the “termination for conven-
ience” provision that lets the government cancel the
contract through no fault of the contractor and thus
deny him expected profits, are two examples of govern-
ment power to unilaterally alter or end a contract, not
by virtue of the provisions of basic statutes, but by em-
ploying regulations and procedural rules that purport to
carry out the purposes and principles expressed in those
statutes.

The ultimate monopsonistic advantage that the gov-
ernment exerts upon government-oriented firms is the
fact that if these firms cannot love the government mar-
ket, they cannot freely leave it. In fact, the very char-
acteristics of these firms that constitute strengths in the
government marketplace — their extreme specialization
of both technical and productive resources, as well as
marketing and managerial skills — render it difficult for
them to compete in other markets. In the words of the
report:

“Firms cannot . . . leave government markets

without dissipating the human and physical re-

sources that will be needed to re-enter the market.

Further, it is doubtful that the dissipation of these

resources is consistent with long-term national in-

terests. The solution, therefore, must lie in re-
ducing the negative impacts arising from the gov-
ernment exercise of monopsony power.”

Industry, as a result, accepts contracts whose terms
are almost entirely dictated by the government. Neither
industry nor government benefits from this process,
whose adverse consequences are extensive and severe.

The procedures, for example, by which the govern-

ment selects major systems contractors customarily re-
quire enormous detail and extensive revisions of pro-
posals at considerable cost in time and money to both
government and industry.

Under these conditions, it is no surprise that there
should arise such practices as: the “reverse auction,”
in which the procuring agency conducts successive
rounds of negotiations with contractors who are all con-
sidered as within competitive range: and “buying-in,”
in which a firm secks to secure a contract by knowingly
offering a price less than anticipated costs in the expec-
tation of either:

1) increasing a contract price or estimated cost

during the period of performance through change

orders or other means or,

2) receiving future follow-on contracts at prices

high enough to recover any losses on the original

“buy-in"" contract. This latter practice may well

be forced upon a firm if it cannot expect to main-

tain its work force and survive over the short term
unless it receives the particular contract.

Through such practices as forced cost sharing, cost
disallowance and renegotiation the government cuts
prices and profits and inhibits industry’s ability fully
and effectively to employ its innovative and techno-
logical resources on behalf of government programs.
Current government statutes, practices and regulations
arbitrarily designate certain necessary costs of doing
business as unallowable or non-recoverable in govern-
ment contracts — including such normal business ex-
penses as interest, charitable contributions and most
types of advertising.

The renegotiation principles now in effect originated
carly in World War II as a move to prevent profiteers
from taking advantage of the national emergency to
make excessive profits on government contracts. In the
years since, significant changes have occurred in pro-
curement policies — including the statutory require-
ments imposed by the “Truth in Negotiations” Act (PL
87-653) — that in large measure preclude the possi-
bility of unwarranted or excessive profits. Yet the Re-
negotiation Board continues to require the return of
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profits it deems “unreasonable™ on grounds contractors
often regard as vague. subjective and inconsistent. It
may even recapture profits earned on fixed price and in-
centive contracts despite the fact that these contracts
are expressly designed to reward superior performance.

Finally, government contracts entail such excessive
reporting requircments and restrictions on management
decision-making that management finds itself without
the freedom and flexibility it must have to allocate and
employ its resources most cffectively and efficiently.

These are simply some of the restrictions and require-
ments regularly included in government contracts.
These provisions have no counterpart in the private
sector, and no contractor would agrce to them were
government contracts negotiated under normal market
conditions.

These practices have, inevitably, affected the health
of the aerospace industry, whose level of profits in the
government market consistently is considerably lower
than in the commercial market. A GAO study of the
profits of 74 large DOD contractors during the 1966-69
period showed that, as a percent of sales after taxes.
their average profits for DOD work were less than half
the average profits for comparable commercial work —
and that, as a percent of total capital investment, their
average DOD profits were almost 3 percent less than
their average commercial gains. These low-profit levels
are reflected in the significantly greater difficulties ex-
perienced by the aerospace industry, as compared to
other manufacturing industries. in attracting equity
capital investments.

In less obvious, but equally serious ways, the govern-
ment also suffers under the present procurement proc-
ess.

In both the long and the short run, its costs are in-
creased and the effectiveness of its program is impaired
by excessive proposal requirements, unnecessary man-
agement systems, restrictions on management flexibility,
and by the prevalence of low profit rates in government
markets that — while they may appear to produce
short-term savings — have the effect, over time, of dis-
sipating the technical managerial capability required to
help meet increasingly complex and critical national
needs.

In short, government, through the abuse of its mon-
opsony power:

* Denies management the flexibility it needs to use
its technical resources effectively,

* Fails to provide the profit levels required to support
a strong technological capability,

* Offers little incentive for the allocation of private
technological resources to public sector problems.

The report concludes that only a fundamental reform
of current policies and practices in government-domin-
ated markets can assure that public problems and needs
will continue to call forth from the private sector the
essential managerial, technical and productive resources.
It offers a five-point program for such reform:

1. Congress should act to establish a Govern-
ment Procurement Practices Board (GPPB) charged
with the responsibility for limiting the use of gov-
ernmental power through the implementation of the
functions and principles defined in this program.

2. The GPPB should conduct a continuing re-
view of current and proposed procurement policies,

regulations and practices on its own initiative and

on appeal from industry.

3. The basic criterion that should govern the
procurement process, and the actions and ap-
provals of the GPPB should be the conditions and
outcomes that would result under balanced free
market conditions.

4. Exceptions to the “free market test” criterion
should be minimal and should require extraordin-
ary justification.

5. The GPPB should formulate a set of procure-
ment principles, in support of the above concepts,
that can be submitted to Congress and enacted into
law.

The program recommended by this report is delib-
erately broad in scope.

The particular mechanism it recommends is not
nearly as important as are the essential basic principles
— principles that must underlie any effective reform of
a procurement process that now does not serve Gov-
ernment, or industry or the country well.
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To most Americans, the Smithsonian Institution means
the old red, castle-like buildings on the South side of the
Mall in Washington — the nation’s attic, where one
might find the Hope Diamond or Lindbergh’s “Spirit of
St. Louis.” Today, however, the Smithsonian is a grow-
ing complex of museums and research facilities spread
literally around the world.

On the Mall itself, the changing character of the
Institution is nowhere more evident than between 4th
and 7th St., S.W., directly across the street from the
headquarters of the National Aeronautics and Space
Administration, where the new National Air and Space
Museum is rapidly rising out of a three-block-long hole
in the ground.

A modern building with modern ideas, this new Na-
tional Air and Space Museum is not as young as one
might imagine. In fact, its charter dates back to 1946,

when the late General H. H. Arnold, Army Air Corpss
convinced Senator (then Congressman) Jenningsy
Randolph, of West Virginia, that a systematic :mpma‘{h
should be taken to preserving and displaying histOTies
airplanes. The result was Public Law 722 of August 12 ¢
1946, establishing a National Air Museum, whose 1€
sponsibility it would be to “memorialize the nutmm\t
development of aviation: collect, preserve, and disp'_". ;
aeronautical equipment of historic interest and signi
cance; serve as a repository for scientific cquipment &
data pertaining to the development of aviation; and pre
vide educational material for the historical study ©Of
aviation.”

for a National Air Muscum building to be located in the

nation’s capital, but it was not until 1958 that t
present site was chosen and reserved for this purpose:




Senator Clinto: Anderson, of New Mexico; Leonard
Carmichael, then Secretary of the Smithsonian; and
aviation pioneer Grover Leoning, the famous aeronau-
tical engincer, pilot, and amphibian designer, were in-
strumental in this process.

On July 19, 1966, Public Law 89-509 was passed,
amending the name to be given this fledgling: it was now
to be the National Air and Space Muscum. [I was un-
aware of this legislation at the time, having spent the
19th circling the carth 16 times aboard Gemini X.]
This same Act authorized and directed the Regents of
the Smithsonian Institution to prepare plans and con-
struct a suitable building for the National Air and Space
Museum.

Appropriations for construction were subsequently
deferred by the Congress until expenditures for the
Vietnam conflict had shown a substantial reduction. In

Director, Nationa| Air a

1971, with the help of Sen. Barry Goldwater, of Ari-
zona, and James Webb, former NASA Administrator,
among many others, $1.9 million was appropriated to
redesign the building, to make it smaller so that it still
could be constructed within the $40 million limit of
Congressional authorization. In 1972, $13 million was
appropriated and construction began, and mid-1973
finds a steel skeleton which daily assumes more definite
form.

When completed, it will have a clean and crisp look
which will create a harmonious balance between the
sleek acrodynamic shapes within it and the classical
clegance of its neighbor, the National Gallery of Art.
l‘hc‘gcl}nus behind the design is Gyo Obata, of the St.
IC-)“U‘S firm of Hellmuth, Obata and Kassabaum. Mr.
\.lh;;tf"d"""clopcd this concept after several years of
study, and his award winning design has the approval of

By MICHAEL coLLns

nd Space Museum




The Wright Kitty Hawk Flyer
will be one of the few air-
craft permanently displayed )
at the National Air and
Space Museum.

Architect’s model shows the
unusual tubing used to sup-
port the glass-enclosed ex-
hibit areas between major
sections of the new building.
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the Regents of the Smithsonian, the National Capital
Planning Commission and the Commission of Fine Arts.
In the shadow of the Capitol. the building will be worthy
of its location, which is the finest available in the city
of Washington.

The exterior of the building will be Tennessee marble
of a pinkish hue matching that of the National Gallery
of Art, and grey glass designed to filter out harmful
ultraviolet rays.

However, as interesting as the exterior will be, it's
the interior and its contents that keep me and my staff
busy — planning, experimenting, refining, changing
looking for the ideal blend of subject matter. Our charter
is an extremely broad one, beginning with man’s first
aspirations to fly, spanning his first faltering ascents in
hydrogen and hot air balloons, and then recording the
surge of powered flight which followed the fateful day
in 1903 at Kitty Hawk.

From Kitty Hawk to the moon, the pace has been
increasingly swift, the technology more and more so-
phisticated, the story ever more complex. No important
segment of it can be slighted, not the contributions of
a Goddard or a Lindbergh, nor the story of the aero-
space industries and what they contribute to the quality
of our lives.

In addition, T believe that a museum of this type
should not only examine the past but explore future
possibilities. T believe that it should not only display
artifacts, but act as a catalyst in exchanging information,
and to grow into a truc national center for aerospace
historical research.

Opposing these grandiose concepts are the realities
of space and budget. The fuselage of a Boeing 747 is
longer than our building is wide; a Saturn V, if parked
along side it, would loom four times as high. Clearly,
we must find an alternative to simply parking machines
and putting velvet ropes around them. We must make
the best possible use of the technology we represent in
creative communications. We must communicate in a
wide variety of ways: by showing objects, by labels, by
sound, by film, by electromechanical and audio-visual
devices of the highest fidelity and reliability. We must
shift gears often, for a technique well suited for one
subject may be completely inappropriate for another.
For example, our hall on Ballooning may include a
light, even frivolous treatment of some byproducts of
the crazy era of ballooning, featuring balloon music,
art, furniture — even a puppet show. On the other
hand, the hall devoted to the Earthbound Benefits of
Flight will be a thoughtful, carefully researched, highly
documented treatment of the spinoffs resulting from air
and space technology. In some areas, such as Early
Rocketry, our collection may be far from complete, and
substitutes for actual artifacts will be found. In other
cases, however, we have more machines than floor space
for their display, and the process of winnowing and
selecting will be accomplished with an eye toward dis-
playing only those machines of the greatest historic
significance.

I think that our airplane collection is the best in the
world. It includes the original Wright Kitty Hawk Flyer,
Lindbergh’s Spirit of St. Louis, Amelia Earhart’s Lock-
heed Vega, the first supersonic airplane, the Bell X-1,
Billy Mitchell’s Spad, a Messerschmitt ME-262 jet
fighter, a Mitsubishi Zero, the North American X-15

A Spad does a victory roll over the realistic exhibit of an
Allied World War | airdrome. Showing historic aircraft in
operational backgrounds is a major goal of the museum.
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Hall of Ballooning will include such features as balloons ac-
tually ascending and descending, and a puppet show.

the Douglas World Cruiser, the Langley Aerodrome,
precision pilot Bevo Howard’s Buecker Jungmeister,
the first Boeing 707, and on it goes. In all we have two
hundred and fifty airplanes, and of course not all of
them will fit into the new building at once. For this
reason, we will rotate exhibits as funds allow, and only
a very few of the very finest (such as the Wright Flyer)
will be on permanent display.

In regard to our space program, the Smithsonian has
an agreement with NASA which allows us to acquire
any object we wish, once NASA’s technical requirement
for it has terminated. From Alan Shepard’s Mercury to
the Apollo Eleven Command Module, we have ac-
quired a representative sampling of spacecraft, support-
ing hardware, documentation, and photographs.

We have started an art collection, small at present,
but one which we hope will grow, for frequently the
artist’s eye has captured the flavor of an important
event with incomparable power and precision. Also,
from a practical standpoint, color photographs may fade

after fifty years, but oils are good for five hundred at
least. In the new building. onc hall will be devoted to
air and space art, but in addition we will add paintings
and three dimensional art objects wherever they en-
hance other exhibits.

In addition to the twenty-six cxhibit halls, our new
home will have two special purpose chambers for edu-
cation and cntertainment. One will be an auditorium
with a fairly steep slanted floor, scating four hundred.
The front of this room will accommodate a curved
55’ x 75’ screen, while the projection booth will be
capable of handling the finest 70 mm projection equip-
ment. With this potential for large scale visual presenta-
tions of the highest possible fidelity, we will be able to
offer a dramatic substitute for viewing three dimensional
objects. The auditorium will, of course, also be available
for more conventional purposes, such as various lecture
series which we present now and will continue to present
in the future. For cxample, last autumn the National
Air and Space Muscum, in conjunction with the Smith-
sonian Astrophysical Obscrvatory, hosted a ninc-lecture
series entitled “Man and Cosmos.” During this series,
some of the finest astronomers in the country provided
(to standing room only crowds in a borrowed auditor-
ium) a comprechensive and current survey of man’s past
and present concepts of the solar system, with particular
emphasis on the results of space science research during
the past decade. The auditorium in our new museum
will be invaluable in allowing us to expand this type of
activity.

The second special purpose chamber will be called
the Spaccarium, and it will most closcly resemble a
planctarium. The audicnce of three hundred will be
seated in a circle under a pierced aluminum dome 70
feet in diameter. Upon this dome, from the center of
the room, can be projected the night sky, including very
accurate simulations of any part of the celestial sphere.
In addition, special effects projectors will be used, both
inside and outside the dome, to assist in creating the
illusion that the visitor has left the surface of the planet
and has traveled out into space. In keeping with the
Smithsonian’s reputation for rescarch and accuracy.
every attempt will be made to explain recent discoveries
in the fields of astronomy and astrophysics, such as
pulsars, quasars, and black holes. On a more frivolous,
but entertaining level, the Spacearium can be used as
a backdrop for a variety of non-scientific productions.
It will also be a powerful teaching tool, and will be
available to the District of Columbia and neighboring
school systems as special school presentations are
developed.

Another extremely valuable component of the new
National Air and Space Muscum will be the research
library and information center. Unlike most other
libraries, which have aerospace material diffused
throughout their collections, our visitors will find con-
centrated in one spot a wealth of material relating to
the history of flight. With more than 20,000 bound vol-
umes and 200 periodicals, the library is today the
broadest and most accessible source for scholarly re-
scarch in a variety of aerospace fields, and the new
building will give us room to grow. The Sherman Fair-
child collection, for example, offers encyclopedic cov-
crage of the pioneering early days, while at the other
end of the spectrum we have one of the most complete



collections of some 30.000 lunar photographs taken by
Ranger, Surveyor, Lunar Orbiter, and the Apollo Lunar
Missions. In general, our library is probably strongest
in its photographic coverage. but it does not neglect
other areas, and contains books going back to the 17th
Century, as well as the most recent issues.

In some areas, the museum staff includes top experts,
such as lunar geologist Dr. Farouk El-Baz, who is a
renowned authority on lunar topography and morphol-
ogy, and who is responsible for the lunar photo collec-
tion. While our library in its temporary quarters (the
Arts and Industries Building on the Mall in Washing-
ton) is quite busy, we arc cagerly looking forward to
the day when we can expand far beyond our present
activity level of 60 visitors, and 600 letters, per month.

In order to meet our deadline of opening to the pub-
lic on July 4, 1976, it is necessary for us to get a head
start in designing and constructing the exhibits to fill
the 200,000 square feet of available space. We are
using our temporary quarters in the Arts and Industries
Building on the Mall in this effort. While not exactly
modern, dating back to 1879, the Arts and Industries
Building does contain four large exhibit halls whose di-
mensions are faily close to those of a typical hall in our
new building. In three of these four halls, we are fab-
ricating modular exhibits as fast as our resources will
allow, exhibits which can be dismantled and stored
when we have a replacement for them, so that hopefully
by 1976 we will have a storechouse full of exhibits which
have been tested and critiqued by the public, and which
can then be installed in the new building. So far we
have produced a hall on Ballooning and on World War
I Aviation, and we will next follow these with exhibits
on Air Traffic Control, Life in the Universe, Exhibition
Flying, and Flight to the Moon.

Unfortunately, modern exhibits techniques, leaning
hcavi'ly on sophisticated audio-visual and electrome-
chanical devices, can be extremely expensive — in
some cases running over $60 a square foot of exhibition
area. If we multiply this number by our 200,000 square
foot total, the result is an alarming $12,000,000. The
Congress has told us to build a $40,000,000 building,
but certainly has made no commitment to finance
an additional 30 percent to complete our exhibits pro-
gram. Clearly help will be needed in this area, and I
hope a large share of it will come from our friends in
the aerospace industry. With an estimated six to seven
million visitors in its first year of operation, our new
builc!ing will offer an unparalleled opportunity to com-
municate with the American public, as well as our many
foreign visitors. Our country has always been in the
_fo_refront of aecrospace progress, and has benefited from
It 1n countless ways. That message should be accurately
deve}oped in our exhibits, which have the potential of
serving as an effective catalyst in the information transfer
process.

‘But talk is easy, words are cheap. The new National
Air and Space Museum will happen. The building will
be completed in time for the Bicentennial. What kind
of building it will be inside, what mood it will create,
what message it will convey, all remain to be seen. Time
and money are short; exhibits must be produced now,
if 197'6 is to see the opening of the most exciting mu-
seum 1n the world, which I have every reason to expect
the new National Air and Space Museum to be.
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RETURN REQUESTED

Martin Marietta’s exhibit at the Paris Air Show featured its Multiple Docking Adapter which is used to link Skylab with the Apollo Com-
mand Module. The MDA is also a major experiment control center for Skylab. (See Le Fete Arienne—The Competitive Challenge, Page 2)
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AEROSPACE ECONOMIC INDICATORS
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Annual 1st
AEROSPACE SALES: Total Billion $ Rate 23.5 Quarter 21.2 21.4 22.1
Billion $ Quarterly 5.9 1973 4.9 ¥ 5.6
DEPARTMENT OF DEFENSE
Aerospace obligations: Total Million $ Monthly 1,240 Mar. 1973 1,249 1,153 1,098
Aircraft Million $ Monthly 733 Mar. 1973 814 177 526
Missiles & Space Million $ Monthly 507 Mar. 1973 435 376 572
Aerospace outlays: Total Million $ Monthly 1,147 Mar. 1973 1,300 960 1,195
Aircraft Million $ Monthly 665 Mar. 1973 825 569 610
Missiles & Space Million $ Monthly 482 Mar. 1973 475 391 585
Aerospace Military Prime :
Contract Awards: TOTAL Million $ Monthly 1,057 June 1973 2,067 995 1,592
Aircraft Million $ Monthly 631 June 1973 1,586 866 1,243
Missiles & Space Million $ Monthly 426 June 1973 481 129 349 _N
NASA RESEARCH AND DEVELOPMENT i
Obligations Million $ Monthly 270 May 1973 225 281 206
Expenditures Million $ Monthly 277 May 1973 271 265 256
BACKLOG (55 Aerospace Mfrs.): Total Billion $ Quarterly 22.7 1st 24.3 26.9 28.3
U.S. Government Billion $ Quarterly 13.6 Quarter 14.0 15.3 15.5 i
Nongovernment Billion $ Quarterly 9.1 1973 10.3 11.6 12.84;
EXPORTS
Total (Including military) Million $ Monthly 204 June 1973 290 553 383
New Commercial Transports Million $ Monthly 59 June 1973 78 244 96 |
PROFITS 1st
Aerospace — Based on Sales Percent Quarterly 2.6 Quarter 2.3 2.2 2,943
All Manufacturing — Based on Sales Percent Quarterly 4.9 1973 4.0 4.4 45 i
EMPLOYMENT: Total Thousands = Monthly 1,286 May 1973 924 942 41 |
Aircraft Thousands  Monthly 699 May 1973 505 512 St
Missiles & Space Thousands = Monthly 144 May 1973 91 93 1 94 i
AVERAGE HOURLY EARNINGS, ‘
PRODUCTION WORKERS Dollars Monthly 3.48 May 1973 y 4.61 4.87 489 |

# 1962-1971 average is computed by dividing total year data by 12 or 4 to yield monthly or quarterly averages.
T Preceding period refers to month or quarter preceding latest period shown.

Source: Aerospace Industries Association



AEROSPACE AND
TRANSPORTATION

By KARL G. HARR, JR.,
President, Aerospace Industries Association

Much of this issue of Aerospace is devoted to transportation, a sub-
ject of increasing national and international interest as populations
grow in numbers and in the need for mobility.

The aerospace industry is committed to the belief that a fully and
carefully integrated transportation system, using sea, land and air
modes to the most productive extent of their capabilities, whether
it be for the urban, suburban or long-haul movement of people
and things, is essential.

We therefore consider it opportune to present the views of The
Honorable Claude S. Brinegar, Secretary of Transportation, in
which he outlines the thrust of work being done today to solve the
problems of transportation in the decade of the 1980s.

Quite properly, we believe, the Secretary has assigned first
priority to solving the problem of transportation in large urban
areas and along heavily populated corridors. These are the areas
where congestion has grown to, or very near to, the maximum
tolerable limit, and where private and public transportation are
being challenged as to their ability to serve the people efficiently,
conveniently and economically. These also are the areas where
the concentration of transportation produces emissions that con-
tribute to pollution levels that at times can be harmful to people
Concentrated therein.

The Secretary makes his priorities clear. Efficient, economical
and convenient transportation must come first. Only when we have
effective mass transportation can we expect to reduce the masses
of transportation vehicles operating in areas that breed congestion.

Aerial transportation, which adds little to the pollution of the
atmosphere, can play an increasing role in providing some of this
needed transportation, not only between cities but between city
centers and outlying airports, utilizing instead of ground space
the air space that lies above ground congestion and below the
commercial airlanes.

And as for long-haul air transportation, revolutionized by the
gas turbine engine, one conservative estimate indicates that the
scheduled airline system that flew 38.8 billion revenue passenger
miles in 1960 — the equivalent of moving 15.5 million people
across the United States — must be ready to provide more than
seven times as much (280 billion) revenue passenger miles of
transportation in 1980. Revenue ton miles of cargo airlifted will
Increase even more dramatically — more than 20 times — from
943 million revenue ton miles in 1960 to 20 billion revenue ton
miles in 1980.

We will be ready.

Every transportation mode can claim one or more of the ad-
vantages of speed, economy, capacity, convenience. An integrated
balance of efficient vehicles using the waterways, highways, rail-
ways and airways to the best advantage is what is needed — and
we believe that the efforts now being made by both Government
and industry to achieve such a balanced and effective system will
pay off handsomely in the relatively near future.
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By CLAUDE S. BRINEGAR
Secretary of Transportation

Anyone familiar with scientific and technological ad-
vances of the last two decades is going to hesitate to
forecast for the next two. After all, it was only two
decades ago that a dictionary was defining “spaceship”
as “an imaginary aircraft of the future for interplanetary
travel outside the earth’s atmosphere.”

In the interim, imagination has become reality through
an historical merging of technology and teamwork.
And many people have been asking ever since, “If this
country can put a man on the moon, why can’t it do
something about the transportation mess down here
on earth?”

At the Department of Transportation, we are, in
fact, doing something about it. But our technical chal-
lenge is complicated by non-technical factors. In the
past, planners could check available resources against
freight and passenger projections and build new equip-
ment or facilities to meet the demand. Now the chal-
lenge has been joined by growing constraints to un-
limited development. We must balance the social and
economic spurs to traffic growth against the need for
energy conservation, plus costs in air and water pollu-
tion, urban or corridor congestion, traffic casualties,
noise, and other “side effects” of progress.

How will we do this in the decades just ahead? It
seems likely that we must be prepared to continue the
trend of doubling the capacity for carrying people and
goods every twenty years or so. Do we manage this
herculean task with “ more of the same”? Or do we
generate new policies and programs to breathe more
efficiency into old systems, to expand capacity with
minimal consumption of space and resources, and to
increase safety and convenience in all modes?

Getting Across Town
In our cities especially, more of the same may not be

Artist’'s conception shows the Personal Rapid Transit System,
sponsored by the Department of Transportation, which is
scheduled to go into operation next year at Morgantown,
W. Va. The system will connect two separate campuses of
the University of West Virginia and the Morgantown business
center.
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feasible. San Francisco rejected the idea of further ex-
pressway construction years ago and many other cities
have reached or arc nearing the saturation point in
street and highway construction.

Fortunately, Congress this year acted to change the
long-standing policy of granting funds on a “‘use-for-
highways-or-lose” basis. The landmark Federal-Aid
Highway Act of 1973 signed by President Nixon this
August allows urban leaders flexibility in expenditure
of $2V2 billion over the next three years for highways
or for such alternatives as buses, exclusive bus lanes,
exclusive truck lanes, or urban rail systems. This is in
addition to $3 billion in new authority for the Urban
Mass Transportation Administration grant program
over the same period.

Weaning the American commuter away from his car
is going to be a long and probably a painful process.
The best antidote to this pain will be public transporta-
tion that matches as closely as possible the convenience,
comfort, and reliability of his private auto. His suffer-
ing may be cased further, at least by comparison with
the alternative, if gasoline costs go up and transit fares
go down.

One of the most certain changes in the 1980’s will be
in the complexion of our cities. The direction of change
will vary with the individuality that marks cach metrop-
olis. In each, though, transportation seems destined to
be a catalyst of change.

To be sure changes arc for the better, the Depart-
ment this year developed what we call a “unified work
plan,” to encourage the several administrative bodies
in any metropolitan area to think in terms of the larger
issues. Instead of one urban agency deciding to extend
a highway, another independently deciding to apply for
transit grants, and still another debating where to put
a new airport, they’ll get together first on such questions
as: What is our land use plan? How big do we want this

community to be? How many pcople. how much goods,
must we move over our combined transportation sys-
tem? What improvements will meet our requirements
most cconomically? How will they affect the quality of
life? Have we considered all alternatives?

Broadening the scope of those alternatives is one of
the objectives of intensive research and development
underway by government and industry.

Dial-a-Ride and PRTS

Dial-a-Ride and other demand-responsive  systems
combine taxi convenicnce with bus cconomy. Demon-
strations arc testing their cffectiveness as flexible col-
lector systems connecting to express bus or rapid tran-
sit lines. Specially cquipped vehicles in some of these
systems also afford a much nceded scervice to the elderly
and the handicapped for neighborhood trips to shopping
centers, clinics, recreation centers.

Wc'll soon have opportunity to observe two auto-
mated, small vchicle systems in service in an urban
setting. A Department-sponsored Personal Rapid Tran-
sit System in Morgantown, West Virginia, is scheduled
for service in 1974. It will connect two separate cam-
puses of the University of West Virginia and the
Morgantown business district. At the new Dallas/Fort
Worth Regional Airport, an Airtrans system will pro-
vide similar scervice between four terminals, two remote
parking arcas, mail facilitics and a maintenance area,
System capacitics cventually will be 9,000 passengers,
6,000 bags and 70,000 pounds of mail per hour. ‘

Many citics arc now looking for automated, quiet,
non-polluting circulation and distribution systems to
relieve street congestion in their hub arcas. With ﬁr}an-
cing more assured, I think we can count on Anlcrlqan
inventive genius and industry to come up with a wide
range of interesting answers. _

The newest thing in ground transportation since the
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=@ Roll-on, roll-off (RORO) service started this summer on ships
operating between Hawaii and the West Coast. Truck-trailers
are driven aboard a RORO ship and then driven off at their
destination. Turn-around time is reduced from 48-50 hours
to 12 hours.
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Large 22-inch bright displays provide air traffic controllers at

the Los Angeles Center with identity and three dimensional
position information of aircraft flying in an area. The Federal
Aviation Administration is studying air traffic control concepts
extending into the 1990's.



wheel is trackced levitated vehicles—uvcehicles lifted away
from the friction of contact with rails or other guides
and thus able to move rapidly. cfficiently and more
quietly. Dr. Robert Cannon, who directs our rescarch
program, assurcs me that—whether air-cushion or mag-
netic—Ievitated vehicles have a place in our future. We
have tracked air cushion vchicles in the development
stage and arc also cxperimenting with magnetic levita-
tion.

Meanwhile we'll be learning from Canada’s experi-
ence with the German TRANSURBAN magnetic-
levitation transit system. The Province of Ontario is in-
stalling a 15-vchicle, 2.5-mile demonstration system in
Toronto as the first phasce in development of a new
intcrmediate capacity transit system for the cities of
Toronto, Ottawa and Hamilton. With a maximum speed
of 50 miles per hour, the system has a designated ca-
pacity of up to 20,000 persons per hour in cach direc-
tion. Completion of the first phasc is now scheduled for
August 1975.

New hardware understandably cxcites public interest.
But equally effective on the efticiency scale are the low-
profile, less-costly improvements: sophisticated com-
mand and control systems to smooth and speed traffic
flows; cxpress busways with adjoining park-and-ride
facilitics that attract new riders daily: rearrangement of
downtown distribution systems: new marketing and
management programs; modernization of terminals, and
many others.

Under Department sponsorship, even buses have been
given a new look. Three prototypes of TRANSBUS, the
bus of the future—safe, convenient, comfortable—will
next ycar be visiting U.S. cities so that planners and
prospective riders can make their comments to help
guide future production plans.

Bikes Have a Place
In re-thinking our approach to personal conveyance,

we shouldnt overlook the renaissance of the bike. In
1972 the sale of bicycles surpassed the sale of automo-
biles, even though car sales also had a record year. The
bicycle is kind to the environment, helps the energy
problem, requires little parking space, and provides
healthful exercise along with transportation. Many cities
now recognize it as a viable commuting vehicle, to be
properly provided for in comprehensive transportation
and land use plans. Drawbacks are its vulnerability in
mixed traffic streams, the need of its riders to transfer to
other transportation in bad weather, and the problems
of sccuring the parked bike against theft. Led by Ore-
gon, more and more States arc now pledging a per-
centage of their gas tax revenues to resolving these diffi-
culties through construction of bikeways and related
facilitics. The new Federal Aid Highway Act allows up
to $120 million from the Highway Trust Fund to be
used for bike lanes and for pedestrian walkways over
the next three years.

This does not mean that everyone is to be pedaling to
work in the 1980's. But we must build an energy ethic
into our approach to the future because the time for
cnergy conservation is clearly upon us.

Last year the United States showed the highest an-
nual increase in use of gasoline in 17 years, consuming
a record 106 billion gallons. A chief culprit is the car
that gets 8 or so miles to the gallon while moving a
single individual through urban traffic. We can and
must do better than that. :

The world urgently needs improved automotive pro-
pulsion systems that operate more efficiently at the low
speeds typical of city driving. And a great deal can be
done for the integrity of small frames, to give us a safe,
cconomical urban vehicle. Eventually it might be a dual
mode vehicle which operates as an automated system
part way and is driver-operated the rest of the way.
Ideally, these vehicles would be kept in productive serv-




ice throughout the day, freeing for more practical uses
the thousands of miles of costly urban rcal estate now
reserved for parking.

Here again, industry and government have been pur-
suing those objectives through research, both scparately
and in tandem. Small cars arc safer, at lcast partly be-
cause of our international Experimental Safety Vehicle
program, and manufacturers have developed prototypes
of even smaller vehicles that could be used safely only
in a controlled environment.

In another dual mode idea now in the design concept
stage, mini-bus type vehicles would be driver operated
during the collection and distribution stages, then con-
nected to an automated guideway for the line-haul por-
tion of the trip. In addition to giving more direct home-
to-work service, this system reduces labor costs, as the
driver would not be needed on the automated section.

By the 1980’s we hope to open a new frontier in ur-
ban transportation—at our feet. People arc only part of
the congestion cause. Almost all goods in urban arcas
moves by truck. If we could move a large part of this
distribution system underground it would greatly help
the urban congestion problem. A key to progress in this
area is reduced tunneling costs. We have several projects
underway toward that goal.

How we get across town in the 1980’s will depend
upon how fast and how well the hundreds of ideas now
in the hopper prove out. And upon which ideas work
best for any particular city.

Intercity Freight

Movement of the Nation’s freight by the various
modes—rail, truck, water, pipeline, and air—is of para-
mount importance to the working of our national econ-
omy. Our total intercity freight movement now exceeds
two trillion ton-miles per year, and is growing steadily.
Rail still carries the biggest share, with about 35% of
the total, water is second at 28%, pipelines are third
with 20%, and trucks are fourth with some 16% . Air is
less than 1% in volume but of course high in value.

For the last 25 years rail’s share has been slipping—
it was over 50% in 1950—and the share held by pipe-
lines and trucks has been rising. It may not be just a
coincidence that 100% of the rail and air ton-miles are
regulated, while only 40% of trucking, and less than
10% of domestic water carriers come under Federal
regulations.

Because of the financial difficulties of a few carriers,
many people do not realize that rail remains an ex-
tremely efficient carrier of freight, especially over long
distances. If we can bring regulatory, taxation, and ad-
ministrative practices in line with real-world conditions
of the late twentieth century, rail may well enjoy a
renaissance on a par with its nineteenth century con-
temporary, the bicycle.

Industry has evidenced its faith in the future of rail-
roading through such investments as Southern Pacific’s
computerized classification yard at West Colton, Cali-
fornia. Completed this summer at a cost of $39 million,
this is hailed as “the most technologically advanced rail
terminal in the world.”

In aviation we will also be relying heavily on tech-
nology to help alleviate the acute squeeze between avail-
able terminal airspace and the demands of additional
aircraft entering the system daily. Even as our Federal

Aviation Administration complctes installation of the
ARTS III (automated radar terminal system) its engi-
neers are proceeding with development of the “upgraded
third-generation system.” And at our Transportation
Systems Center in Cambridge they're in the study phase
of development of the advanced air tratlic control sys-
tem concepts extending beyond the 1980°s into the
1990's.

Most terminals—not just airports, but ports, loading
docks, railroad sidings-—offer rich opportunity for im-
proved cfficiency. Some delays are caused by paper-
work; some by difficultics in intermodal transfer.

The Department has been working closely with in-
dustry and with other governments around the world to
reduce the papcrwork that puts a multi-million-dollar
drain on the cconomy. It is possible that by 1990 ship-
ping data will be transmitted universally by telecom-
munications, microwave, or satcllite, rather than by
sheaves of multi-lingual documents.




Such new vessel systems as LASH. SEABEE. and the
RORO (roll-on, roll-off) service begun between the
West Coast and Hawaii this summer are speeding up
intermodal transfers at ports. Truck-trailers can be
loaded anywhere in the United States, driven to a Pa-
cific Coast port and aboard a RORO ship. then driven
off in Hawaii to their destinations. Officials expect to
reduce turnaround time from 48-50 hours to 12. Theft
and handling losses should also be minimized.

Intercity Passengers

Intercity passenger service posces a somewhat different
problem than freight. Here the issuc is less one of en-
couraging competition and low costs than onc of options
and the sharing of costs. How many passenger options
(such as car, bus, train, and air) should there be be-
tween cities? Who is to bear the costs of those modes—
such as rail passenger or the feeder airlines—that are
not ecconomically self-sustaining? How do we measure

their usefulness against the cost of subsidies? In the
Department of Transportation, we're addressi}lo these
questions with the aim of reducing public costg while
improving public service.

We are not overlooking the potential of medjum-
haul short takeoff and landing (STOL) and vertical
takeoff and landing (VTOL) air vehicles. These could
be particulurl_\' convenient for passengers when they can
provide environmentally acceptable and economically
competitive air transportation above ground traffic con-
gestion (and below commercial airways) to and from
airports and between cities.

As with the “spaceship,” the speed with which we
reach our goals for transportation will depend a great
deal upon the teamwork and technology applied by gov-
ernment and industry to meet demands for mobility—
with design parameters of energy conservation, noise
and pollution reduction, increased safety, and decreased
congestion.
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By ROY P. JACKSON

Can you imagine more than 1 million commercial pas-
sengers travelling somewhere in the United States by air
every day of the year? Can you imagine that being the
case in 1985?

Think of the entire year of 1972 when 170 million
U.S. domestic air passengers crowded terminals, air-
craft and baggage facilities—and when aircraft had to
‘wait in line to take off or wait in holding patterns to
land.

The best estimates of experts in the Government and
in industry say that the 170 million passengers of 1972
will be at least 185 million in 1973 and will be, con-
servatively, 427 million in 1985.

That is why the first “A” in National Aeronautics and
Space Administration is so important. It stands for
“Aeronautics,” and NASA, working with the aerospace
and airline industries, has been going full speed ahead
in this area that sometimes tends to be overshadowed
by the NASA ““S” that stands for “Space.”

Our current aeronautics research and technology
program relates to the social acceptability of aircraft, to
the economics and efficiency of short-haul systems, to
U.S. leadership in long-haul aircraft, military aircraft,
and engine systems, to aviation safety, and to general
aviation.

Associate Administrator for Aeronautics and Space Technology
National Aeronautics and Space Administration

Reduced Aircraft Noise

Noise reduction continues to have high priority in
our civil aviation research and technology program.

The objective of our engine Refan Program, managed
at the Lewis Research Center at Cleveland, Ohio, is to
demonstrate the feasibility of significantly reducing the
noise of the JT8D engine, which powers the Boeing 727
and 737 and the McDonnell Douglas DC-9. These
three aircraft make up the bulk of our domestic fleet.
Studies show that it is possible, using existing technol-
ogy, to quiet these aircraft jet engines without degrading
engine or aircraft performance.

The current phase of the Refan Program focuses on
developing and testing a modified version of the JT8D
jet engine in which the present two-stage fan will be re-
placed with a larger, single-stage fan. The larger single
fan reduces jet exhaust velocity, thereby reducing jet
noise an expected 8 to 12 EPNdB (Effective Perceived
Noise deciBels). This would reduce the noise-affected
areas near airports by 75 per cent or more.

Six engines are being modified by Pratt and Whitney.
Boeing will conduct ground tests of a refanned 727 air-
craft and carry out design studies of the sound-absorb-
ing nacelle. Douglas Aircraft will conduct flight tests of
a refanned DC-9 starting in early 1975.
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Strong Shock Wave
Separated Boundary Layer

BASIC AIRFOIL

SUPERCRITICAL AIRFOIL

Supercritical wing section is compared
with a basic airfoil. The supercritical wing
moves the point at which the localized
shock wave appears much farther back on
the wing. Note reduction of turbulent flow.

A promising approach to increasing propul-
sive lift is the externally-blown flap. Ex-
haust from a jet engines can be directed
against the flap to augment lifting capa-
bility.




The Remotely Piloted Research Vehicle is a new NASA-developed flight test technique. This test model is launched
by an aircraft and then flown through desired test maneuvers by a research pilot from a ground cockpit.

NASA’s experimental Quiet Engine Program, started
in 1969, achieved major program goals during FY
1973 and is continuing in FY 1974. The two ground
test engines—one with a low speed fan and one with a
high speed fan—demonstrated noise levels significantly
below the Federal Aviation Regulation Part 36 require-
ment. Altitude performance tests arc about to start in
the first run of the new Lewis Propulsion Laboratory
extension. After initial acoustic testing, a sonic inlet
(which does not allow forward sound propagation) will
be added to the high speed fan engine.

With continuing progress in the reduction of jet
engine noise, NASA recently began a program to meas-
ure the aerodynamic (non-engine) noise of aircraft in
flight by flying with their engines throttled back or
turned off. Knowing the various sources of aircraft
noise will assist engineers in designing quicter aircraft.

The two-segment landing approach to reduce aircraft
noise levels near airports developed by NASA, has
progressed to the operational feasibility stage and is
being evaluated by a United Airlines jet transport flying
in regular airline passenger service. The aircraft de-
scends on a steeper glide path angle during the initial
approach and then assumes the normal path for the
final approach and landing. It is anticipated that a 67
per cent reduction in the ground area impacted by ob-
jectionable noise levels during landing of the 727 air-
craft will be achieved by the two-segment approach.

The two-segment approach program at the Ames
Research Center, Moffett Field, Calif., is developing
procedures and the avionics equipment for this tech-
nique. The applicability of the technique for the entire
standard-body commercial jet transport fleet will be
assessed next year.

Early in 1974, the new Aircraft Noise Reduction
Laboratory at the Langley Research Center, Hampton,
Va., will open its doors for fundamental research on
source noise, its transmission, and its effect on aircraft
structure and the surrounding community.

Reduce Aircraft Emissions

The matter of engine emissions as an aircraft growth
constraint has led to a major technology effort by
NASA. We are conducting programs on emissions from
gas turbine engines and their effect on the chemistry and
physics of the stratosphere. The Clean Combustor Pro-

gram, started in FY 1973, is aimed at cvolving a prac-
tical experimental combustor that can reduce by 75
per cent the present levels of oxides of nitrogen (NOx)
with goals for the other pollutants (carbon monoxide,
unburned hydrocarbons, and smoke) consistent with
potential EPA standards for 1979.

We are heavily involved in support of the Climatic
Impact Asscssment Program (CIAP) managed by the
Department of Transportation, and aimed at an assess-
ment report in 1974, Our stratospheric Jet Wake Ex-
periment is mecasuring the changes in wake chemistry
that take place behind a YFI2 aircraft flying super-
sonically in the stratosphere. NASA also has initiated
the Global Atmospheric Sampling Program at the Lewis
Rescarch Center to provide monitoring of atmospheric
constituents in the troposphere and lower stratosphere.
Instrument packages will be installed on 10 to 15 com-
mercial 747 aircraft to provide, for the first time, a sub-
stantial, long-time record of changes in the lower
stratosphere.

A concept of potential major importance to the re-
duction of air pollution, while simultancously conserv-
ing our increasingly scarce petroleum reserves, involves
the usc of hydrogen as a fuel for large aircraft. Hydro-
gen completely climinates hydrocarbon pollution and
is a more cfficient fucl, but the reduction of NOx may
require additional cffort. NASA is giving hydrogen
serious study as a potential fuel for the more distant
future. y

Reduce Aircraft Congestion

Airport congestion and delays will continue to grow
in the future. New technology must be developed if
the air transportation system is to meet the anticipated ;
demand. 3

Air system congestion particularly affects the shorter
distance traveler. To increase airport capacity and make
possible the use of small auxiliary runways and airports, -
thereby reducing congestion, short-haul systems should
be capable of tight terminal-area maneuvering and steep,’
curved approaches, which demand low approach speed
capability. To achieve this capability on modern, high
performance jet transports, it probably will be necessary
to use propulsive cnergy to augment the lift generated
by the relatively small wings. ’



New Subsonic Flight Technology

_NAsA propulsive-lift technology for improvement of
arrcraft Jow speed flight capability in the terminal arca
'4S progressed through vears of wind-tunnel investiga-
“9“ and has entered the flight test stage. Initial rescarch
With a modifiecd C-8 “Buffalo™ airplanc is producing
Valuable flight data on the augmentor wing powered lift
fOncept, where jet engine exhaust is ducted through

and out the wings to provide additional lift to the air-
Craft.

Advanced Medium STOL

h}l’ the broader, in-depth flight rescarch required to
p'rov‘xdc design. operational, and certification criteria,
:\:\S{\ ‘hu.\‘ gmc_rcd into a cooperative agreement with
Mcdil']'[s' S\” Force to participate in the Advanced
lcsxin,n. STOL ‘l ransport (.-'\MSI') prototype flight
i g.. and to ‘cxlcn%l these lhg_hts mto a NASA tech-

08y phasc following the military evaluations. The

‘fllg,_lus and Bocing companies are designing and
Nlil\lglrg 'l\?'ﬂ -‘\MST prototype aircraft featuring the
pr(‘pm:.’\fur.nul‘l)—blmvn-ﬂup and up’l?cr-surtncc-bl.owlnf_:
fide NA%RIIT[ concepts. foth AMST prototype aircraft
prOpul\-: FUPCFCFIUCLI] wing technology as well as the
“lanaul‘wk} ‘lft‘lcchnolng}'.. lh.c ;\plc.\" Rcsc;}rch Center
i“\’ol\l\:\ 'll;“fr\‘”\s"} participation in this activity, which
L i all four T\.»\S..A\ rescarch centers. AMST flight

arch by NASA will be accomplished at the Flight
tsearch Center. -

QUiet’ Clean Engines
(QgchgL)”clt" -Cllc"‘"‘]‘ Short-Haul, Experimental Engine
car 1974 1“: 11““ Iv’l'tmncd for start during Fiscal
Noise lL‘chno](ou(ru;m-m“mc the performance and low
Particularly a bl)- N (l"l very l_ngh bypass ratio cngines,
transport 'fir‘}:.l)f:h}[}lc to quicts powered-lift, short-haul
for start on (f:'l:ll) - 1he QCSEE technical plan provides
1974 ‘ r.lcatmn of engine components by June
and delivery of two rescarch engines in 1977 for

Research studi

and efficiently at both takeoff and

es indicate future jet transports using the antisymmetfica|
low supersonic speeds. The wing pivots

tests at Lewis. Industrial proposals from GE’s Aircraft
Engine Group, United Aircraft’s Pratt and Whitney
Aircraft Division, and GM’s Detroit Diesel Allison Di-
vision arc now being evaluated.

Supercritical Wing

The NASA developed supercritical wing design has
completed the first phase of its flight test program, in-
cluding over 75 flights in a two-year program. The
initial flight tests on a Navy F-8 Crusader have success-
fully demonstrated that the new shaped airfoil does
pcr'miI an aircraft to operate approximately 15 per cent
more efliciently. The supercritical wing shape substan-
tially delays the onset and reduces the intensity of shock
waves and air flow separation over the wing as the air-
craft approaches the speed of sound. This permits an
increase in aircraft flight efficiency.

A supercritical wing is being installed on an Air
Force F-111 aircraft for flight tests to begin in late
summer. Several U.S. general aviation manufacturers
have development efforts underway that will produce
4 new eencration of executive jet aircraft capable of
flvine farther and faster because of the NASA developed
supercritical technology.

According to William P. Lear, developer of the Lear-
ict, the wing will be capable of increasing the cruise
Spccd of the Learjet almost 10 per cent and_ the range
by upproximatcly_’_’o per cent without any increase in
power or gross weight. .

Previous studies centered at Langley and aided by
Lewis have shown that the agpliqation of new technol-
ooy (supercritical acrodynamics 1s only one example)
can provide a quicter, safer anc} more ccpnomlca] sub-
sonic transport than current \Vldc-pody jet transports.
If the latest advances were to be incorporated into a
new fleet of three-engine, 195 passenger, 3,000 nauti-
cal-mile transports, it coul-.d result in almost a 50 per
cent increasc in return on investment, all other consid-

crations being cqual.

wing concept might operate more quietly
45 degrees from normal supersonic flight.
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Wind-tunnel testing at both cruise and terminal arca
flight speeds will continue in FY 1974 on 3- and 4-
engine configurations with optimized supercritical acro-
dynamics, and on a 3-engine configuration at Ames
incorporating an antisymmetric wing. Analytical and
experimental studies in acrodynamics, propulsion,
structures and materials, flight controls and avionics
technologics are based on these configuration studics.

Fly-By-Wire

Fly-by-wire is a fast-rcacting, computer-controlled
electronic system that provides the exact amount of air-
craft control responsec to soften the bumps, sways and
lurches of aircraft in turbulent air, resulting in safer,
more comfortable passenger travel at high speeds.

Because of its responsiveness, the fly-by-wire control
system can be used to reduce directly aircraft loads and
structural weight. Additionally, light-weight wires re-
place the heavy system of metal rods, hinges and hy-
draulic lines that previously translated the pilot’s signals
from the aircraft control stick to the control surfaces.

This combined reduction in aircraft weight results in
increases in payload potential and in more miles flown
per gallon of fuel expended—an cconomy benefit to the
user public.

The use of advanced flight control systems is de-
pendent on the development of the digital fly-by-wire
technology. The initial experimental phase at Flight
Research Center was a first ever and it established the
feasibility of a single-channel digital fly-by-wire system

using modified Apollo cquipment installed in an F-8C
aircraft. Follow-on cfforts in FY 1974 will concentrate
on the technology of reliable multi-purpose flight com-
puters and on analysis, simulation and laboratory re-
scarch leading to flight verification by FY 1976.

NASA digital fly-by-wire test pilot Gary Krier re-
cently told the Congress that “by far the best use of the
(digital) fly-by-wire technique is to build a control
configured vehicle. Such vehicles offer reduced drag
and increased lift which mcans longer range and in-
creased mancuverability, and slower approach and
landing spceds, therefore, smaller carrier decks and
runway lengths.

“It has been estimated that landing speeds could be
cut by 25 per cent and range increased 15 per cent with
no sacrifice in mission capability, just by modifying
existing aircraft. A much larger impmvcrﬁcnl in pcr:
formance could be gained by designing aircraft with
fly-by-wirc. The digital fly-by-wire/control configured
vehicle combination gives us a chance to make a quan-
tum jump in aircraft performance.”™

Fully Automatic Landing System

A particular thrust of NASA terminal arca studies
is the technology that would permit the air transporta-
tion system to be less weather susceptible and safer by
usc of fully automatic landing systems. Guidance in
terminal arca operations will in the future use the micro-
wave landing system now under development by the
FAA with assistance from NASA and DOD. We will
advance aircraft technology for greater flicht path flexi-

STOL aircraft, using propulsive lift concepts like the augmentor wing, could operate from short runways, increase
the capacity of existing airports and bring into use smaller community airports to reduce terminal congestion.

!
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bility and control to permit approach path noise reduc-
tion and for compatibility with the advanced. congestion-
relieving, air traffic control system. Flight research of
these systems will be centered at Langley and conducted
at the Wallops Island Station. A typical civil transport,
a Boeing 737. modificd with all-wecather systems and
advanced powercd flight controls, will permit participa-
tion of the airlines. airline pilots, airframe and engine
manufacturcrs, and the avionics industry in practical
flight cvaluation. |

Advanced Supersonic Technology

We also requested funds for FY 1974 to support
NASA's continuing work in advanced supersonic tech-
nology. The objectives of this program arc: (1) to
provide an cxpanded technology base for future civil
and military supecrsonic aircraft. (2) to provide the
data nceded to assess the environmental and economic
impacts on thc United States of present and especially
future foreign supersonic transport aircraft, and (3) to
provide a sound tcchnical basis for any future consid-
cration that may be given by the United States to the
development of an cnvironmentally acceptable and eco-
nomically viable commcrcial supcrsonic transport. I
should emphasizc that thc NASA request does not in-
clude any funds for initiating development of a super-
sonic transport, or .in any way commit the United
States to such a development.

These technology studies includc a variable-cycle
supersonic cngine designed for cfficicncy over the re-
quired flight conditions. With the ducts cxtended in
subsonic flight, thc cnginc would perform as a high
bypass ratio turbofan configuration with reduced noise
levels and low specific fucl consumption. In supersonic
flight, with the ducts closed, the configuration becomes
an cfficicnt low bypass ratio turbofan cngine.

Several elements in the structures and materials pro-
gram are important to thc achievement of reduced
structural weight of advanced military and civil super-
sonic aircraft. The use of titanium and high-temperature
composite materials is expected to yield large savings
in weight; however, the technology must be advanced
beyond the present state-of-the-art.

Technology for Military Aeronautics

Currently, there arc 19 major military R&D projects.
These studies and programs arec being conducted co-
operatively between the military services and NASA
at our four research centers.

The NASA/Army Rotor Systems Research Aircraft
(RSRA) will enable the operation and performance

* " rating of experimental rotor systems under closely con-

trolled flight operating conditions. Pre-design studies
were completed in FY 1973. The RSRA will be
A winged helicopter incorporating flaps, auxiliary pro-
pulsion, a stability augmentation system, and provisions
to isolate rotor vibration and measure rotor loads. De-
_tail design and fabrication of the vchicle will be initiated
In FY' 1974, leading to research flight tests at Langley
inFY 1976.

NASA recently selected Bell Helicopter Company to
design, fabricate, and test two Tilt Rotor Research
Aircraft for use in another joint NASA/U.S. Army
“proof of concept” flight research program. The tilt

rotor aircraft concept uses large rotors mounted at the
aircraft’s wing tips for vertical takeoff and landing like
a helicopter. Once airborne, the rotors are tilted for-
ward to provide cruise propulsion like that of turbo-
prop airplanes. The combination -of longer ranges and
higher speeds (potentially in excess of 400 knots) with
the utility of the helicopter shows considerable promise
for Army air mobility missions as well as for improving
short-haul air transportation and reducing airport con-
gestion in civil applications.

The ILLIAC, an ARPA developed super-speed com-
puter with parallel processors, is now on line at Ames

where it is being used to develop computational aero-

dynamic methods. These methods will make it possible
to usc the computer much the same way we now use
the wind tunnel for fundamental aerodynamic investi-
gations to design and evaluate configuration concepts
cxpeditiously.

The Joint USAF/NASA F-111 with a supercritical
wing will fly at Flight Research Center in early FY
1974. Remotely piloted 3% scale F-15 spin investigation
vehicles will be dropped from B-52’s starting in early
FY 1974. The list is long.

Aviation Safety

NASA's program in aviation safety cmphasizes re-
scarch on the approach and landing flight phase. New
technology to avoid accidents will come from many
programs including Terminal Configured Vehicle and
Avionics, Wake Turbulence Hazard Avoidance, Run-
way Hazard Avoidance, Cockpit Human Factors, and
Metcorological Hazards Research. In addition, NASA
research in Fire Retardation, Engine Rotor Burst Pro-
tection, and Crashworthiness will provide the tech-
nological basis for increasing the survivability of air-
craft accidents. Our joint DOD/NASA program on
combat aircraft stall/spin resistance technology is on-
going and long term in its objectives.

General Aviation

NASA has established a General Aviation Technol-
ogy Office to develop the technology base for the design
and development of safer, more productive, and supe-
rior U.S. general aviation aircraft. It has been projected
that some 500 million intercity travelers will be using
general aviation aircraft by 1985. The safety program
concentrates on approach and landing factors such as
improved stall/spin characteristics, and terminal area
piloting procedures. Experimental studies, which will
bring forth new technology for improved vehicle design,
include the development of a series of general aviation
airfoils and design techniques for general aviation crash-
worthy structure.

Laboratory Research Environment

As a nation, we require a superior aecronautical re-
search and technology organization, one that fosters
creative work responsive to the goals of the nation. This
organization must work in the most advanced facilities
and most important of all the researchers and tech-
nologists must be outstanding in their fields. We sin-
cerely believe this environment exists in the Aeronau-
tics program at our NASA Centers, Langley Research
Center, Lewis Research Center, Ames Research Cen-
ter, and Flight Research Center.
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Editor’s note: The first gas turbine-powered transport built
by a U. S. manufacturer entered commercial service in 1958.
That year U. S. scheduled airlines flew 31.5 billion revenue
passenger miles and 700 million revenue ton miles of cargo.
Last year, less than two decades later, U. S. carriers flew
152.4 billion passenger miles and 5.5 billion ton miles. These
astonishing increases (390 percent and 685 percent, respec-
tively) are largely due to the power, efficency and safety of
the jet engine, the heart of today’s commercal air transporta-
tion system.
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The gas turbine engine is the dominant aircraft power-
plant in the world today. Now th'c powerplant that
revolutionized aerial transportation is coming down to
carth to serve man as an excellent source of power for
a growing varicty of tasks. ' _

It can provide power to drive marine vessels, rail-
road trains, trucks, buses, electricity generating plants,
heavy construction equipment ar;d pumps that move
pipeline loads. As efficiency continues to increase ar}d
noise continues to decrease the gas turbine engine will
continue to proliferate, promising a great variety of
applications.

The surprising thing is that it took so long for the
jet principle to be applied. A historian for a major
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United Aircraft's Pratt & Whitney aircraft-type gas turbine engines
are used to generate electricity at this power station. There is a
widening acceptance of jet engines as an electrical power source.

Detroit Diesel Alliéon gas turbines are used in this hyarofoil. TAhe engines drive a pair of high-pressure pumps

An Avco Lycoming gas turbine engine powers htis 210-ton ore
hauler. The engine provides the power for interchangeable
electric motors at each of the trucks four wheels.

i :

i

which expel water at 45,000 gallons a minute to provide thrust and a cruise speed of 50 miles per hour.

manufacturer of gas turbine jet engines points out
that the principle was first put to use morc than 2,000
years ago by an inventor with the appecaling name of
Hero of Alexandria. Hero, it seems, used the jet prin-
ciple to open the heavy doors of an Egyptian temple.
He boiled water in a sphere and permitted the stcam
to escape through angled nozzles, which caused the
sphere to rotate rapidly. This device, with ropes and
linkages, pulled open the temple doors.

Hero’s invention didn’t crop up again until 1,800
years later when an Italian engineer, Giovanni Bianca,
in 1629 built a steam-driven turbine device which per-
formed useful work.

Another 162 years passed before the gas turbine, the

forerunner of today’s aircraft engines, came into being.
It was patented in 1791 by John Barber, an English-
man.

However, despite the growing number of inventors
seeking to put the gas turbine to work, it wasn’t until
the late 1920s that a young pilot-engincer in the Royal
Air Force—Frank Whittle—came up with the idea that
became the first gas turbine propulsion system for an
aircraft.

Whittle, who later was knighted for his invention,
filed for a patent in January 1930. The idea was far-
out for its time because piston engines then were in
the 400- to 600-horsepower class, and far from reach-
ing their limits in both horsepower and size.

15
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ower commuter car. The unique concept of

propulsion provides electrical power from existing third rails, as well as being self-powered from
the onboard gas turbine. The system automatically switches from one energy source to the other.

Whittle’s patents probably influenced the develop-
ment of gas turbines in pre-World War Il Germany. In
August 1939 the Germans succeeded in putting into
the air the first turbojet-powered aircraft—the Heinkel
He 178. However, it was several years before Germany
began flying jet aircraft operationally, and they had no
material effect on the result of World War I1.

Whittle, meanwhile, went through frustrating yecars
of putting his engine design to work. But development
moved ahead, and the first Whittle engine flew on
May 15, 1941, in the Gloster E 28/29 aircraft. It
delivered about 880 pounds of thrust. Whittle’s engine
plans were furnished secretly to the U.S., but it wasn’t
until January, 1944, that the two nations jointly an-
nounced the jet-propelled aircraft project.

It was difficult then to imagine a propeller-less air-
craft. There still is confusion as to how turbine aircraft
power plants work. Whittle wrote of this exchange be-
tween two RAF officers who had seen the Gloster jet fly:

“How the hell does that thing work?” the first offi-
cer asked.

“Oh, it’s easy,” his friend replied. “It just sucks itsclf
along like a Hoover.”

The only similarity between a vacuum cleaner and
a jet engine is that both pull in air. It is not the action
of the hot gas pushing against the outside air that
drives an aircraft. The forward push, or thrust, is the
.reaction to the high pressure generated by burning fuel
in rapidly moving compressed air and allowing thc ex-
panded exhaust gases to shoot out the rear of the
engine. Essentially, this generation of great thrust fol-
lows Sir Isaac Newton’s laws of motion that state that
every action has an equal and opposite reaction. The
flow of a mass of gas or liquid under pressure through
an opening or nozzle generates a propelling force in
the opposite direction, just as an untended fire hose
will whip wildly in reaction to the high pressure stream
of water coming out of the nozzle.

The jet engine basically consists of a compressor
section composed of sets of blade-tipped wheels that
pull in air and compress it, a burner section in which
the fuel is burned in the air, and a turbine section
through which the very hot, high pressure expanded gas
passes out of the engine.
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The turboprop engine, which preceded the pure jet in
commercial use, differs in that the encergy produced
within the engine is used to drive a propeller. This is
done ecither by using shafting from the power turbine
to turn both the compressor and the propeller or by
putting a free turbine that is unconncected to the com-
pressor drive into the stream of hot gas and using the
energy from the free turbine to drive the propeller.

Power of the first gas turbines was measured in a few
thousand pounds of thrust and they used. for power
produced, huge quantities of fucl.

But the military services were delighted with the jet
engine. The piston engine was nearing its limits of prac-
tical size and power. The jet could deliver sustained
speeds that military requirements demanded. But it
Jacked the cconomy to carn its Keep in airline service.

Constant acrospace industry rescarch and develop-
ment in the ycars between the Anglo-American jet-
powered aircraft announcement and the installation of
such engines on the first U.S. jetliner that entered
commercial service in 1958 produced the power and
efficicncy that made the gas turbine dominant.

This cfficiency can be measured by many standards.
such as the ratio of weight to thrust generated, and the
specific fuel consumption per hours of operation or per
revenuc-passenger or revenue-ton-miles flown. Perhaps
most dramatic and casily grasped, is an cxample of
the record of two commercial gas turbines.

Early in 1969 Pratt & Whitney (United Aircraft)
JT3D engines were installed on a Boeing 707 airliner
that went to work for TWA. This summer, after more
than four years of service, two of the original four
engines still on the aircraft were removed for routine
scheduled repair.

Each of the two engines had logged 17,261 hours of
flying with no more than on-the-wing service. During
the same period the aircraft they helped to power
logged 8,647,761 miles. This would cqual about 18
round trips between Earth and the Moon, or about
346 trips around the world at the cquator for the air-
craft and those two engines, which were expected to be
back on an aircraft and flying again in about 30 days.

Thrust produced by a mass-manufactured jet engine
today for commercial use is rated at more than 40,000
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pounds. Four of the engines produce more take-off
power than the lift-off power of the launch vehicle that
put the Tiros weather satellite into orbit.

A major reason for this surge in thrust has been the
development of the high bypass ratio or wturbofan en-
gine. The wurbofan ditiers from the turbojet in that it
has a sct or scts of large fans, usually located forward
of the compressors. The fans accelerate huge quantities
of cool air which bypasses both the burner and turbine
sections and goes out of the engine as additional propul-
sive thrust. Thus, the turbofan delivers more power for
a given amount of fucl.

However. in non-aviation ficlds the gas turbine is
demonstrating more and more its versatile and flexible
capabilitics as a power source. They include:

Auxiliary electrical power. Mobile clectric stations,
powered by aircraft-type gas turbine cengines and ca-
pable of generating more than 15.000 kilowatts are in
service today.

The turbine can be brought from dead start to full
power on the line within three minutes. When used for
peak-load periods on a transmission system, the engine
will automatically start up. sequence, synchronize with
the line and then immediately go to the selected load
level. While in operation, the unit can be automatically
or manually shifted from onc load to another.

When employed as an isolated unit, the turbine may
be automatically started from the control trailer.

Hundreds of jet engines arc in use today as auxiliary
or emergency clectrical power sources.

Marine vessels. The marine gas turbine has a power
spectrum ranging from 500 to 30,000 shaft horsepower
that accommodates most marine  power propulsion
requircments.

The gas turbine’s cnormous power is harnessed by
replacing the jet exhaust nozzle with an expander, or
power turbine, to convert the hot gas energy from
thrust to shaft horsepower. The power turbine is spun
by exhaust gases. Special materials and protective coat-
ings are usced to resist corrosion from salt water.
Changes in the combustion system permit the use of
diesel fucl.

The usc of jet engines permits savings of more than
60 percent in engine room space by replacing the large
and complex stcam turbine plants or diesel engines
used to supply power in conventional vessels.

Ground vehicles. Industrial gas turbines are gaining
increased acceptance to drive huge off-highway vehicles
such as an ore hauler to transport 200-ton loads over
rough mining arca terrain. Incidentally, the turbine pro-
viding the power to move these ore loads weighs less
than 1,100 pounds.

The gas turbine is seeking a major role as a power
source in the 500-horsepower class for use in trucks
and buses. Four firms, including a U.S. aerospace
company, a U.S. truck builder and two foreign firms,
have joined in an organization that will develop the
powerplant, the truck design and other applications.

The first jet-propelled aircraft was flown only 34
years ago. And today, despite astonishing gains in per-
formance and capabilities, the full potential of the jet
turbine engine in a wide spectrum of power applica-
tions is far from being fulfilled.
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The versatile gas thb}ne engine is utilized as a power source for many purposes, including ships. A General Electric
marine propulsion turbine drives the U.S. Navy’s new Spruance class destroyers. (See The Gas Turbine Revolution, page 14).
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AEROSPACE ECONOMIC INDICATORS

CURRENT

Total Aerospace Sales

Value of Civil Aircraft Shipments

OUTLOOK
New Orders — Monthly Average

0 — — - o
) — _ ] : 200 ——
J s GOVERNMENT
) y — — - ! £ zf:z\’ [ e
\\ = S_—— _i } L) Y
) —eez-1971 Average = 100) \.\/ | ] 1000 C‘Y:'L 1 1 — —?ﬁ‘{\
) (1962-1971 Average = 100) | oL ) ‘ ot
80 —— +——— 7”iv, § | ( — Zagtad | | N e
) (N 60 | ! | [ 11
'67 '68 '69 70 71 '72 '73 '67 '68 '69 '70 hh T '73 '67 '68 '69 ‘70 71 72 1
= Agrospace obligations by Dept. of Defense and NASA.
=== Non-government prime orders for aircraft and engines.
AVERAGE LATEST SAME PRECEDING LATE N
ITEM UNIT PERIOD 1962-1971 PERIOD PERIOD ST
* SHOWN YEAR AGO  FERIODT PERIOD
—
4] Annual 2nd
AEROSPACE SALES: Total Billion $ Rate 23.5 Quarter 20.4 22.1 23.2
Billion $ Quarterly 5.9 1973 54 5.6 6.5
DEPARTMENT OF DEFENSE =
Aerospace obligations: Total Million $ Monthly 1,240 June 1973 1,157 894 1,652
Aircraft Million $ Monthly 733 June 1973 722 720 1,249
Missiles & Space Million $ Monthly 507 June 1973 435 174 403
Aerospace outlays: Total Million $ Monthly 1,147 June 1973 1,882 1,230 1,260
Aircraft Million $ Monthly 665 June 1973 938 680 701
Missiles & Space Million $ Monthly 482 June 1973 944 550 559
Aerospace Military Prime
Contract Awards: TOTAL Million $ Monthly 1,057 July 1973 1,636 1,592 603
Aircraft Million $ Monthly 631 July 1973 955 1,243 396
Missiles & Space Million $ Monthly 426 July 1973 681 349 207
NASA RESEARCH AND DEVELOPMENT
Obligations Million $ Monthly 270 Aug. 1973 322 287 293
Expenditures Million $ Monthly 2717 Aug. 1973 289 276 260
BACKLOG (55 Aerospace Mfrs.): Total Billion $ Quarterly 22.7 2nd 25.0 28.4 28.0
U.S. Government Billion $ Quarterly 13.6 Quarter 14.6 15.5 15.5
Nongovernment Billion $ Quarterly 9.1 1973 10.4 12.9 125
EXPORTS
Total (Including military) Million $ Monthly 204 Sept. 1973 248 331
New Commercial Transports Million $ Monthly 59 Sept. 1973 31 70
PROFITS 2nd
Aerospace — Based on Sales Peicent Quarterly 2.6 Quarter 29 2.9
All Manufacturing — Based on Sales Percent Quarterly 4.9 1973 4.5 4.5
EMPLOYMENT: Total Thousands ~ Monthly 1,286 Aug. 1973 915 946
Al-rcr_aft Thousands @ Monthly 699 Aug. 1973 493 512
Missiles & Space Thousands Monthly 144 Aug. 1973 92 94
AVERAGE HOURLY EARNINGS,
PRODUCTION WORKERS Dollars Monthly 3.48 Aug. 1973 4.69 4.93

*1962-1971 average is computed by dividing total year data by 12 or 4 to yield monthly or quarterly averages.

T Preceding period refers to month or quarter preceding latest period shown.

Source: Aerospace Industries AsSOclatjg, “%
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Just a few weeks ago an investment analyst
published a review of the U. S. aerospace in-
dustry. In his introduction he quoted the dic-
tionary: ‘‘aerospace—the (earth’'s) atmosphere
and the space beyond,” and then quickly ob-
served that the aerospace industry could not be
contained within such narrow bounds.

What he was saying, as we often have, is that
the aerospace industry is also very much down
to earth. It is therefore with but limited license
that we devote this issue to the theme “‘This,
Too, Is Aerospace.” We mean, of course, that
aerospace is many things. Whether our mem-
ber companies have the atmosphere and the
space above it as their principal endeavor or
whether they be widely diversified with a divi-
sion or two devoted to aerospace—all have a
remarkable record of transferring innovative
technologies and management techniques to
other endeavors.

It's a story we take pride in telling, and space
limitations dictate that we can only scratch the
surface in these few pages to hint at the host
of ‘‘non-aerospace’ efforts that spring con-
stantly from industrial aerospace experience.
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THIS, TOO, IS

Understandably, the broad title “aerospace industry” commonly is
associated with a new generation of commercial transport or military
aircraft, a new missile, or a space mission that puts men on the moon or
in an orbiting laboratory.

Nonetheless, for many years there have been some who have
suggested, and even insisted, that this high-technology industry transfer
more of its recognized talents to a greater variety of products and
programs.

Since before recorded history man on Earth has continued to multiply
rapidly and has continued to broaden, develop and use his generally
limited supply of natural resources, particularly minerals and fossil fuels.
In other words, more and more people need more and more food, lodging,
energy, medical care, transportation and communications.

Thus it is obvious that as the population grows and natural resources
are used we cannot be satisfied with just working hard to stay even. At
the same time that we are making the most of what we have, we must
work harder than ever if we are to take care of the predictable future.

And that, primarily, is the job of high and ever higher technology.

Given this challenge, aerospace has been responsive. The transfer
of technology from aerospace to other fields has been going on, and
the flow has been far more than a trickle. It has been a flood.

“Spinoffs,” “technology transfers” or “diversification” — no matter
under what name — have been the natural byproducts of growth in
many of our major corporations. This has been especially true among
those immersed to one degree or another in aerospace where the name
of the game has been pushing forward the frontiers of technology part
by part, product by product.

Products, of course, are the more visible accomplishments. More
difficult to perceive is the “people’” factor of aerospace, involving the
transfer of aerospace-trained and oriented scientists, engineers and
managers into other sectors of the economy. These men and women
carry with them imagination and innovative concepts that can be applied
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successfully to a wide variety of challenges. As a result, commercial
activities that once moved forward in a predictable, evolutionary process
now frequently are the subject of revolutionary changes.

Indeed, the interplay between high technology and other sectors of
the nation’s industry is paying off handsomely.

Recently the Midwest Research Institute carried out a study for the
National Aeronautics and Space Administration concerning the effect
of research and development programs, largely performed by aerospace
firms. The study covered the decade of 1959 - 1969. MRI found that the
$25 billion (in 1958 dollars) spent on research and development during
that decade had added $52 billion to the Gross National Product, and
benefits continue. By 1987 the impact on the GNP (again, in 1958
dollars) will be $181 billion. This is an astonishing return on investment
— a return in which no attempt has been made to calculate what other
research and development programs have done to provide a better life
for mankind.

A word of caution, however,

In our economic system is it important to remember that “a need is
not necessarily a market.”

With the exception of a few Government agencies, most notably the
Department of Defense and NASA, high-technology industry generally
lacks customers — single sources that can, to cite just one example,
contract with industry to develop solutions to a growing world demand
for energy.

So what this industry has done — without an aggregated market —
is to tackle single projects here and there, broadening its impact in one
locale and another, in one field and then many more. In total, the
quantitative and qualitative impact is impressive.

This issue of Aerospace magazine, limited in space as it is, is intended
to illustrate briefly the fact that there has been considerable diversion
of technology by member companies of this association from aerospace
into fields where new products and processes are benefitting mankind.






Clean room techniques for surgery
were developed by Martin Marietta
Corp. for the National Aeronautics and
Space Administration. A surgical team
here performs a hip-joint replace-
Lfient in an atmosphere that lessens
danger of infection to the patient.

Portable Kidney Machine

Studies into the use of biowaste purification systems
for space applications through the means of chemi-
cal sorbents by CCI Corp., in the early 1960’s led
directly to the development of a portable kidney
machine.

About the size of a portable TV set, the dialysis
unit operates independently from cumbersome spe-
cial plumbing and electrical fixtures, does not re-
quire a treated water supply and frees the kidney
patient from the restrictions of either frequent visits
to a hospital or the limits of a permanent home
installation.

Such patients now can travel freely with their own
units. The unit, called the REDY machine is now in
production at a CCl subsidiary, CCI Life Systems,
Inc., after an exhaustive development and clinical
testing program covering more than five years.

Rapid Data Turnaround

Northrop Corp., through its Berkeley Scientific
Laboratories, Inc. (BSL), has a medical data system
in operation in clinical laboratories throughout the
world. Known as CLINDATA, it provides the physi-
cian with a rapid evaluation of laboratory test results
for use in patient diagnosis. BSL clinical laboratory
systems contribute to improved patient care through
dramatically reducing the time that elapses between
the moment when a specimen arrives in the labora-
tory to when the value from the determination is
available for reporting to the attending physician.

Also, because the computer system performs
calculations formerly done by technologists and
eliminates the requirement for transcribing test re-
sults, the system actually relieves lab personnel of
clerical tasks that have been estimated to consume
as much as 30 percent of their time. As a result,
highly-skilled medical personnel are free to concen-
trate on more demanding duties.

Drug Analyzer

An instrument that dramatically reduces the time
required to identify and analyze drugs that do or can
harm unconscious or incoherent patients has been
developed by Bendix Corp.

Called the Bendix drug analyzer, the instrument is
designed to meet the need for accurate emergency
analysis of blood and urine obtained from suspected
drug overdose victims.

It provides rapid qualitative and quantitative analy-
sis of four drug groups: barbiturates, alcohols, am-
phetamines and alkaloids, including heroin, cocaine,
morphine and quinine.

Until the development of the Bendix instrument,
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A technician can rapidly analyze for drug content blood or
urine samples taken from unconscious patients with a new
system developed by Bendix Corp.

An aerospace-developed remote control data terminal provides
laboratory technician with rapid information.

qualitative and quantitative analysis of abuse drugs

required the services of extensively trained tech-
nicians for periods as long as eight hours

Medical Equipment Maintenance

A planned engineered approach to maintenance
of biomedical electronic equipment, launched three
years ago by Bendix, has received wide acceptance
among hospital administrations. The program was
developed to meet the increasing demands of hos-
pitals for more reliable data and technical assistance
in the maintenance and calibration of patient care
devices.

The company provides periodic inspection, cali-
bration and safety checks of hospital biomedical
electronic equipment, with emergency service guar-
anteed when required.

More than 60 hosiptals across the U.S. have con-
tracted with Bendix for planned servicing of their
electronic equipment.

A unique feature of the program is the information
feedback provided by reports to hospital administra-
tions which aids in evaluating both service and the
medical equipment. This information system provides
failure rates and certifies all work done on each item.

Super Clean Surgery

A germ-control and dust purging technique de-
veloped for the production of spacecraft components
has evolved into a surgical procedure designed to
reduce the risk of infection during operations requir-
ing large incisions remaining open for several hours.

Martin Marietta Corp. designed and furnished the
equipment under a NASA contract for use at Den-
ver's St. Luke's Hospital. The technique employs @
plexiglass laminar flow clean room deployed inside
the conventional surgical theater with operating
room personnel wearing clear plastic helmets and
clothing impenetrable to bacteria.

The helmet draws air through an opening in the
top and carries exhaled breath away through vacuum
lines. Headsets provide communications among the
members of the surgical team. The result is a highly
antiseptic operating environment.

Thermometer In A Pill

A miniaturized transmitter housed in a tiny pill can
detect and broadcast very small variations in tem-
perature as it travels through a person's alimentary
tracts. Such localized temperature rises often reveal
the presence of infections or other disorders and
constitute a valuable diagnostic aid.

The pill was designed by scientists at NASA's
Ames Research Center to monitor test subjects in
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simulated space environments. The pill, no larger
than a vitamin capsule, transmits its information
during a two-day trip through the human digestive
system.

Brain Response to Stimuli

Medical researchers are gaining an understanding
of the complex patterns of brain response to various
stimuli—which ultimately may lead to improvements
in the treatment of epilepsy and various forms of
mental instability—through an instrument derived
from the electronic development of a film drive sys-
tem for aerial photography.

Called a multiple microprobe, the device was de-
signed for scientists at the University of Pittsburgh
by researchers at Teledyne Ryan under a grant from
from the National Science Foundation.

The new device permits the recording of electrical
activity in the brain in space and time and within a
few seconds. This allows observations of the inter-
relationships among several cells.

Improved Hearing Aids

An improvement in hearing for those who wear
hearing aids has been developed by Bendix. It con-
Sists of tiny blocks of microscopic glass tubes which,
when added to hearing aids, permit those with im-
paired hearing to hear only what they want to hear.

The blocks of perfectly parallel tubes, or capillary
tube arrays, greatly reduce the volume of all other
noises.

The arrays are produced from optical glass fibers
which are the basic components of innumerable
types of optical and electro-optical devices.

For most applications the fibers are solid, but for
the hearing aid requirement they are hollow. The
tiny device is cut from a block of solid fibers that
have been fused together. The tubes are then made
by a special etching process. The capillary arrays
also are used as precision filters for biological,
chemical and acoustical research work.

The device measures only one-half-inch by one-
quarter-inch by one-eighth-inch, yet it contains 300
glass tubes, each having a diameter of less than
that of a human hair.

The capillary tube array is installed in a standard
hearing aid microphone. All sounds to the rear of the
wearer must first pass through the array.

Rear-entering background sounds are slowed
down slightly by air friction, but enough to “throw
them out of phase’" with the sounds which also enter
the front along with the sounds the wearer wants to
hear. Thus, a significant portion of the extraneous
noises cancel themselves out, permitting the useful
sound to be heard more clearly.

Systems Analysis and Hospital Design

Architectural design criteria of a proposed hos-
pital in Chicago were developed by Northrop through
the application of aerospace management tech-
niques and systems analysis procedures.

The objective is a completely integrated medical
center as a functioning entity rather than “just an-
other pretty building” with all of the medical require-
ments stuffed in later. The Northrop systems analy-
ses—which followed the same basic process used
in the design of a new aircraft—resulted in 16 major
design reports which were furnished to the architects
for incorporation into the overall design.

Remote Health Care

Lockheed is designing and testing a remote health
care system which will bring hospital-quality care to
a community at a distance from established hospital
facilities. This work began in 1973 under a four-year
NASA contract.

It combines advanced medical instrumentation
with computerized data techniques and voice and
picture transmission. With it, specially trained para-
medics at remote locations will be able to send X ray
photos and other medical data to enable physicians
at a central hospital to diagnose illnesses and pre-
scribe possible methods of treatment.

CCIl Corp. has developed a portable kidney dialysis machine
through its aerospace experience. This machine permits the

dialysis patient to travel without recourse to hemodialysis
centers.
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Singer Company has built the |
nation's first pressurized Water
reactor simulator. A mistake in
reactor operation is not @ disas-
ter, simply a learning experience.

RCA's microelectronic two-Way

radio incorporates direct applica-
tion of space technology. One
circuit is no larger than @ pencil
point yet contains the equivalent
of 93 separate components.




Tallored Education

LTV Aerospace Corporation's Education Systems,
Inc., is training business and vocational students.

Additionally, ESI has moved into several other
education-related areas, including training of the
disadvantaged and Vietnam veterans under the

JOBS 70 (Job Opportunities in the Business Sector)

program, education of secondary and elementary
students with learning difficulties and the production
of books and educational hardware.

ESI began with its college division, which con-
sisted of the long-established skills training group
of Vought Aeronautics Company of LTV Aerospace
and three business colleges in Texas.

The college division operates under the philoso-

. phy that everyone does not want—or need—a four-

year college degree, and that today's high school

-@raduates must have the additional education that
“iean best develop their capabilities and enable them

toearn a living in an ever-more technical economy.
ESI's job as an educator is to offer these students
fraining in the business and vocational skiils that are
most in demand.

Paging System

Martin Marietta's paging system is a fully digital
system that provides reliable paging service for en-
tire metropolitan areas.

By dialing a special number on a standard tele-
phone, a caller is connected to a paging terminal
through the telephone system. The number being
called is checkeu by a miniature electronic computer
in the terminal that sorts out incoming calls, then
sends a call number code to a radio transmitter.

Paging receivers continuously monitor all mes-
sages from strategically located city-wide radio
transmitters. These receivers, smaller than a pack
of cigarettes, and weighing about 4 ounces, recog-
nize, accept and notify subscribers that they are
being called by sounding a distinctive *‘beep’’ tone.
The entire paging procedure is accomplished in a

: matter of seconds.

A deviation of Martin Marietta's earlier develop-
ment of an Army digital communication system, the
‘'system has been widely accepted by Bell System
and independent telephone companies.

Two-Way Radio

- RCAhas produced a pocket-size two-way radio
- that incorporates a direct application of space tech-
nology to portable commercial communications.
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The 18-ounce radio is the first commercial trans-
mitter-receiver to use the same type of small, highly-
reliable integrated circuit employed in advanced
satellite and missile control systems. It is designed
for police departments, industrial firms and other
applications requiring high quality, portable com-
munications.

The radio resulted from a major engineering effort
which has successfully adapted space technology
at a cost suited to the commercial communications
market.

Nuclear Powerplant Simulator

The Singer Company has reached into its bag of
aerospace training tricks for an answer to the prob-
lem of simulation of nuclear power stations.

Using techniques gleaned from years of designing
realistic substitutes for spacecraft and airplanes,
Singer built a complete replica of a pressurized
water reactor control room with fully functional con-
trols and instrumentation.

Nuclear powerplant operator trainees can practice’
reactor manipulation in the complete confidence that
even should they make a mistake during training it -
merely will be another learning experience.

The ‘Reading’ Pen

A pen that *‘reads" price tags, then automatically
totals the bill for a department store customer’s pur-
chases may make the ubiquitous cash register
obsolete.

Instead of ringing up the price of each item being
purchased on a cash register, the check-out clerk
merely passes the tip of the instrument across a
printed code placed on the item.

An optical image pickup in the tip “reads” the
code which is transmitted to a miniature computer
that records the amount, keeps the total of the pur-
chases and updates the store’s inventory records.

Developed by Bendix, it is the only device of its
type that is completely self-contained—no other
electronics are required to provide the necessary
computer inputs. The image pickup is surrounded
by a miniature light source. The body contains a
sensor, which identifies the image and microelec-

tronic circuits which convert the image into com-
puter signals.

The instrument which resembles a ball point pen
or pencil, will operate with any type of black and
white bar code printed either on a tag attached to
the purchased product or on the product itself.
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A Lockheed engineer dem-
onstrates an experimental
self-rescue breathing device
designed to provide a one-
hour emergency supply of
oxygen to miners in the event
of an underground disaster.

General Electric has developed an
advanced electrochemical machining
process, known as Electro-stream,
that can produce holes in super-alloy
metals as small as 0.005 inches in
diameter and with a depth up to 50
times the hole diameter.

A

Industrial

Rankine Cycle Mass Transit Engine

About a decade ago the U.S. Air Force let a develop-
ment contract to build a solar dynamic electric power
supply source for space vehicles. Now it is possible
to design, build, test and demonstrate the perform-
ance and low emission levels of an 88-horsepower
bus powerplant. The bus would use liquid propane
as a fuel and drastically would reduce pollutant
emissions in comparison to existing engines used
for urban transportation vehicles.

So today Sunstrand Aviation is demonstrating the
feasibility of a closed Rankine cycle system engine
with an organic working fluid and turbine expander
to provide power to the transmission and driveshatft.

The non-polluting feature of the engine is derived
from the fact that the combustion of fuel is more
nearly complete in the open air than in an enclosed
cylinder.

In the bus engine, a working fluid is circulated
through a system consisting of a vaporizer, turbine,
regenerator and condenser. The working fluid is
completely enclosed and recirculates.

Superalloy Machining

General Electric’s Aircraft Engine Group is selling
to the metalworking industry patented Electro-stream
machining equipment—a proprietary process origi-
nally developed for use in manufacturing aircraft
engine parts.

The Electro-stream process is an advanced elec-
trochemical machining method that can produce
holes in super alloy metals as small as 0.005 inches
in diameter and with a depth of up to 50 times the
hole diameter. Alloys that have been successfully
drilled by this process include cobalt, nickel, titan-
ium, stainless steel, tool steel, and carbon steel.

In addition to offering the Electro-stream equip-
ment for sale, GE will also do contract drilling for
metalworking concerns not needing the equipment
fulltime.

Potential uses for the equipment include drilling
small holes in carburation systems for automobiles,
diesel engines, and electrical power generation tur-
bines. Electro stream equipment is safe, efficient,
and designed for long life. Drilling is automatic and
frees the operator for other duties after startup.

Sophisticated Analysis

A nondestructive method of performing highly de-
tailed quantitative analysis and sophisticated qualita-



tive analysis is embodied in a microprobe analyzer
perfected by TRW Systems Group.

The device irradiates a specimen with a high
powered beam of electrons and the X-ray result is
characteristic of the elements in the testitem. Appli-
cations range from the determination as to whether
a car's headlights were on at the time of an accident,
checking the quality of the shaving razor's edge and
determining the reasons for the failure of dental
alloys in false teeth.

Reaching Out in the Warehouse

Years of developing remote devices for handling
and manipulating radioactive and otherwise toxic
products have led to a series of devices by General
Electric which enormously magnify the strength and
reach of the warehouseman.

Called Man-Mate, the machines literally extend
the reach and complex operation of the human arm
maneuvering bulky and heavy loads. The GE de-
velopment fits almost precisely into the demands
imposed on industry by keeping the man out of the
danger zone yet allowing him to reach, sort, inspect,
move and otherwise handle an uncountable range
of inventoried products. This innovation could rev-
olutionize the storing and accessability of thousands
of parts, components and packaged items.

Electrochemical Electricity

An electricity-generating concept which met the
needs of the Apollo moon exploration program is
being developed as a commercial powerplant to
meet the United States’ growing demand for more
efficient, nonpolluting power production.

The new form of generating electricity is based on
the fuel cell, a device that uses an electrochemical
reaction to make electricity directly without com-
bustion.

The Apollo fuel cells were developed for NASA by
Pratt & Whitney Aircraft, a division of United Aircraft
Corporation. Three hydrogen-oxygen-fueled units
performed flawlessly on the Apollo missions, provid-
ing the electricity the astronauts needed on their
roundtrips to the moon. The byproduct water was
used for drinking and preparing food.

Today, Pratt & Whitney Aircraft, working in coop-
eration with 32 gas and combination gas/electric
utilities in the U.S., Canada, and Japan, is well along
in a nine-year experimental program to demonstrate

the practicality and feasibility of on-site generation
of electricity using fuel cell powerplants fueled with
natural gas supplied through pipes to the site. ltis a
joint program, launched in 1967, even before the first
successful moon mission, supported by the group of
utility companies, known as TARGET (Team to Ad-
vance Research for Gas Energy Transformation).

Technology Interchange

Rockwell Internationai has a lengthy record of
accomplishment in contributing to the commercial
utilization of aerospace technology.

For example: Rockwell engineers with micro-
miniaturization expertise developed in a decade of
work on missile guidance systems have applied this
technology to knitting machines. They developed an
electronically controlled knitting machine where a
pattern can be changed in a matter of minutes. It
used to take hours or even days before this
development.

These engineers are also developing a computer-
actuated anti-skid braking system for safe stops of
large, over-the-highway rigs on wet pavements. The
company estimates a potential $100-million market
for these systems.

Rockwell, in conjunction with Commonwealth
Edison Company of Chicago, is spending $1.6 mil-
lion on an experiment to prove that the technology
used in developing the Saturn rocket engines can
be adapted to pollution-free generation of electricity
for utilities during peak-demand hours.

Miner Rescue Device

An experimental rescue breathing device de-
signed to give miners a better chance to reach
safety in case of underground fire and explosion, has
been built by Lockheed under a research contract
from the Interior Department's Bureau of Mines.

It is designed for miners to carry on their equip-
ment belts where they can get it quickly in case of
emergency. The rescue breathing unit is designed
to supply high-purity oxygen for at least an hour of
strenuous physical activity.

The apparatus uses the miner's exhaled breath to
release oxygen from a chemical that also absorbs
carbon dioxide. Such a device would give miners a
better chance of getting out of a mine filled with gas,
smoke, and dust than standard ‘‘self-rescuers,”
which screen out carbon monoxide but not other
dangerous gases.
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Transportation

Cryogenic Transfer

General Dynamics is successfully using aerospace
technology to eliminate development risks in build-
ing liquefied natural gas cargo systems for LNG
tankers.

Key aerospace engineers were transferred from
other divisions to the Quincy Shipbuilding Division
where seven 125,000 cubic meter LNG tankers are
currently under contract for delivery starting in the
last quarter of 1975. The engineers brought with
them technical expertise acquired through develop-
ment of aerospace programs.

An example is the transfer of cryogenic (very low
temperatures) experience from the Convair Aero-
space Divlsion, and the continuing cooperation
between the two divisions as needed to economica”y
engineer the cryogenic LNG tanker system. Convajr
Aerospace Division has in excess of 18 years of
cryogenic aerospace technology developed primarily
from the very successful Atlas and Centaur Launch

Vehicles programs.

Automotive Crash Bags

Thiokol Corp. has successfully applied solid
propellant technology to the development of a




collision safety device for passenger vehicles. The
resulting propellant produces a non-toxic gas
species in the very short time required to protect
passengers in a coliision. This propellant has been
incorporated in a small gas generator design using
solid rocket design techniques.

The resulting automotive crash bag inflator weighs
under 10 pounds and fits in the steering column of
an automobile. In production quantities, it will be
| available at a low cost and will provide passenger

protection within 30 milliseconds after a collision.
Test results indicate that thousands of lives will be
saved through the application of this aerospace
developed technology.

Automatic Transportation

The Ford Motor Company, utilizing a broad spec-
trum of technologies, has developed an Automatic-
ally Controlled Transportation (ACT) system de-
signed to transport people and cargo within
congested centers.

This concept in public transportation consists of a
fixed aerial guideway with driverless vehicles routed
by a computer, resulting in reduced trip times and
fewer intermediate stops.

LTV Aerospace Corp.’'s Airtrans sys-
tem at the new Dallas/Ft. Worth Air-
port is more than a people mover. It
is a key element in the total ground
support system, not _only for peqple
put for baggage, mail and supplies.

' &

Passengers at stations may select their destina-
tions, and are transported automatically in comfort
and safety.

BART System

Rohr Industries has utilized its aerospace engi-
neering capabilities in the design and production of
rail transit cars for San Francisco's Bay Area Rapid
Transit (BART) system, the first all-new rail transit
system to be built in the U. S. in more than half a
century.

In every respect, the Rohr-built cars are adapted
to the needs of the modern metropolitan transit
system. In appearance, safety, comfort and efficiency
the BART car was designed and built with passenger
appeal as the foremost consideration.

Multi-Purpose Transit

LTV Aerospace Corp.'s Airtrans is a transportation
system built for an airport but flexible enough to
serve the transit needs of shopping centers, cam-
puses or even central business districts.

Built by LTV Aerospace Corp. for the new Dallas/
Fort Worth Airport, it is designed to function well on
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either end of the transit spectrum: as a slow-moving
collection and distribution system or as a higher-
speed link between points such as an airportand a
downtown area.

Like the small personal rapid transit systems
(PRT’s) envisioned by many planners for the trans-
port of small groups of persons in congested areas,
Airtrans is modern, automatic and quick.

And like buses—the conventional haulers of large
groups of people in many areas—Airtrans cars can
be linked together to carry many passengers in

peak traffic periods.
At the airport, its 68 cars circulate among four

passenger terminals, a hotel, a maintenance facility
and other stops along a 13-mile route. Passenger
versions carry 40 persons, 16 seated and 24 stand-

ing.

Hydroaerodynamics

An old idea, new electronics and an up-to-date
understanding of airfoils are bringing the smooth-
ness of the commercial jet passenger aircraft to
water transportation.

The Boeing Company is deeply involved in a
second generation hydrofoil water transport market
with its fully submerged systems centered in the
jetfoil program—a high speed, 100-ton, passenger-
carrying hydrofoil. Boeing designs, both military and
commercial, draw on their extensive understanding
of aircraft development coupled to the advent of
advanced concepts of electronic control systems.

Computers and Congestion

The huge variety of concepts and hardware being
applied to urban transit during the past several years
is the target of a series of computer-aided analyses
developed by Honeywell Inc.

The approach provides urban planners with a
basis and methodology allowing intelligent com-
parisons and the selection of alternatives from a
performance standpoint. The application example is
the surveiilance and control system program operat-
ing in the Minneapolis area with Honeywell as sys-
tems integrator.

The objective is to minimize peak-hour congestion
by metering automobile access and preferential ex-
press transit service.

High Speed — On the Track

Garrett Corp. is a major participant in advanced
technology for the high speed ground transporta-
tion systems field.

Garrett has developed for the Department of
Transportation a linear motor research vehicle

which is a high-speed steel wheel on steel rail re-
search vehicle. To date, at'the DOT High Speed
Ground Test Center, Pueblo, Colorado, speeds in

excess of 190 mph have been achieved. This vehicle

will provide much of the basic technology required
for effective high-speed rail systems in this country
for operating speeds over 200 mph.

For the near term, Garrett has under construction
four gas turbine electric cars for the Long Island
Railroad. These cars are geared to 100 mph and
are configured to the same exterior and interior ar-
rangements as the current fleet of Long Island cars.

Garrett, together with three other firms, recently
completed contract design studies for the ACT | (Ad-
vanced Concept Train) under a program sponsored
by the Urban Mass Transportation Administration of
DOT through its system management contractor,
The Boeing Vertol Division. Garrett, in its design,
has embodied all of the latest concepts of car body
design, interior styling, carpeting, diffused lighting,
and air conditioning.

A much more powerful linear induction motor,
capable of speeds of 300 mph has been developed
by Garrett under another DOT contract for installa-
tion in the Grumman Tracked Air Cushion Research
Vehicle. Garrett has drawn upon its extensive aero-
space technology to achieve the necessary "ilight"
weight objectives.

Braking the Trucks

Two developments out of the B. F. Goodrich Aero-
space & Defense Division will bring those big rigs
running the highways to fast, safe and controlled
emergency stops. One is an electronic skid control
system born in the need for skid prevention in land-
ing large aircraft and the other is a caliper disc
brake with its beginnings going back to the same
source. The skid system brings maximum braking
force to each wheel just short of the skid situation.

This means that, while the wheels are allowed to
continue turning, the braking effect is working at its
absolute maximum. The driver maintains complete
control and, in effect, brings the big rig to a stop far
faster than if the wheels were locked through exces-
sive braking. The caliper disc brake will bring a
10,000 pound rig to a halt from 50 mph in about 174
feet instead of the more than 200 feet normally re-
quired. Of simple design and thus requiring less
maintenance, the disc brake also is highly resistant
to fading because of its inherent heat dissipation
ability. The genesis of both products—heading into
a growing multi-million dollar market in over-the-
road applications—lies in the demands created by
high performance military and commercial jet air-

craft.
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Multiple Land Use

In the first years of the space age, The Boeing Com-
pany leased 100,000 acres of land near the Colum-
bia river from Oregon until the year 2040.

Today that acreage at Boardman, Ore., is the site
of a host of multiple use projects, all well conceived
under the most stringent environmental restrictions.
Uses range from the nuclear generation of power to
irrigating dependent crops. These two different uses
are tied together because the water supply which
cools reactors is the water supply used for irrigation.

A municipal waste recycling project is in being
and what once was a barren sage-brush covered
desert area devoted to rocket and aircraft engine
testing is becoming a huge test bed for multiple land
use, providing a constantly replenishing source of
knowledge on the intricacies of such involvement

LTV Aerospace Corp.'s traffic
monitoring system — ORBIS —
carries its own power source
and can be operated in remote
areas. At left, ORBIS automati-
cally identifies a car, license
number and driver involved in
an unsafe speed violation and
simultaneously records such
data as location, time, date,
posted speed limit and actual
vehicle speed.

with the earth. The 100,000 acres, known as the
Boardman Development Project, still is growing, and
Boeing continues to conduct tests on the site as re-
quired to support its traditional aerospace programs.

The combination of Boeing's imaginativeness and
state cooperation, is restlting in land reclamation
that grows corn 14-feet high and that ultimately will
be the nucleus of a small and prosperous city.

Sliding to Safety

In an emergency, the quickest way off the sixty-
story-high deck of an offshore oil platform may be a
ride down an inflatable slide of nylon and rubber.

The slide, ranging in lengths up to 95 feet, can
evacuate 60 persons a minute if need be and can
safely handle the injured and unconscious.

Developed by B. F. Goodrich, Aerospace and De-



fense Products Division, it can be fully deployed,
including a detachable life raft to get evacuees out
of the danger area, in less than eight seconds after
the inflation system is activated.

The slide is an advancement of a similar system
Goodrich developed for the Boeing 747 transport.

Several oil Cbrﬁpanies are considering using
escape mechanisms such as this to protect person-
nel who may number as many as 40 on some of the
larger platforms. It is quite possible that more than
one slide will be used on a platform so that an
alternate escape route is available should one of the
slides become inaccessible during a fire or some
other emergency.

The system works on a simple gravity principle.
When the metal container attached to the edge of
the deck is released, simply by undoing two straps,
the slide falls out, triggering the nitrogen inflation
system. By the time the free end of the slide reaches
the water, it is nearly inflated, as is the raft, which

has a capacity of 24 persons.

Automatic Traffic Cop

ORBIS Il is a unique traffic monitoring system
designed by LTV Aerospace Corp. to regulate high-
way speeds by letting the motorist know it's there
and that it can record unsafe speeds—automatically,
around-the-clock and in any type of weather.

The device will reduce the death and injury rate
on the nation’s roadways, and can be used for traffic
evaluation and highway planning, marketing and
recreational area surveys, border surveillance and
for numerous other applications.

Using space age electro-optical and computer
techniques, ORBIS Ill operates unattended and ob-
tains complete evidence of unsafe speeds, including

Aerial photo shows a section of irrigated land across the Colum-
bia river from The Boeing Co.'s Boardman Development project.
The irrigated plots are made possible by using sprinkler systems
which take water from a central point and pivot in a large circle

around the water tap.

a photograph of the vehicle, the license plate and the
driver.

And, like an efficient traffic officer, it instantly re-
cords the location, the time and date, the posted
speed limit and the speed at which the driver was
traveling. This information, combined in a single
photograph, then can be used as a basis for issuing
a citation.

ORBIS lll can record the speed violations—either
too fast or too slow—of each vehicle in an area
under surveillance without servicing. It completely
ignores vehicles traveling within posted legal limits.

Experience with the system indicates that if a
motorist knows ORBIS Il is installed and that an
unsafe speed can mean automatic detection, he will
not take the chances he does with today's limited
enforcement systems. The device also can point up
the need for raising speed limits to more realistic
levels in areas where this condition might permit.

Finding Fires

Northrop Corporation is a participant in the “‘Four
Cities Program'’ sponsored by NASA and the Na-
tional Science Foundation to seek means of applying
aerospace technology to solving urban problems.

Under the program, leading industrial firms pro-
vide an engineer to work with the city manager's
office in each of four test cities. The cities are Ana-
heim, Fresno, San Jose and Pasadena, California.
A Northrop project is assisting the fire department in
locating fires. When a building is filled with smoke,
it is often difficult for firemen to locate the exact
source of a blaze. The delay often enables the fire
to spread out of control.

The ‘‘aerospace solution’’ was the adaption of a
hand-held infra-red detection unit to pinpoint the
source of the fire. The device, manufactured as a
vision enhancement device, has proved to be ex-

traordinarily effective.

Skyscraper Comfort

A McDonnell Douglas engineer, steeped in the
knowledge of the thermal balance system for the
Gemini spacecrafts, is using this computer based
technigue to develop thermal control systems for
high rise buildings.

The tiny heat universe of the Gemini living space
led him to recognize and apply heat transfer, loss
and control to the equally artificial closed human
habitat represented by the high rise building.

The knowledge acquired now helps builders pin-
point the correct amount of thermal control needed
and minimizes the power, fuel and network of ducts
in high structures. And, as with Gemini, outside
conditions are kept outside.
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Qil Clean Up

A Lockheed-developed and -patented system,
known as ‘“Clean Sweep."’ literally scoops up oil from
the surface of ocean and inland waters and deposits
it in containers for later removal.

Somewhat resembling the flopping paddle wheel
of old-fashioned river boats, Clean Sweep works
like this:

A series of metal discs are connected around their
outside edge by metal vanes. As the device rotates
in a slick, the vanes draw oil and water inside where
the oil adheres to the discs.

Stationary wiper blades, mounted vertically be-
tween each pair of discs, wipe oil from the discs and
direct it into a slotted axle where it is pumped to
containers for eventual disposal.

The four-foot-diameter, seven-foot-long device is
capable of recovering as much as 200 gallons of oil
a minute under ideal conditions. A smaller two-foot-
diameter model can recover 44 gallons a minute.

Water Purification

Avco is designing a water purification plant under
contracts with the Department of the Interior's Office
of Saline Water. The pilot plant will extract fresh
water from the sea, and the other contract involves
research on a process to extract both dry solids and
pure water from inland brackish waters.

The pilot plant contract calls for complete design
and specifications for a 75,000 gallon per day plant
to desalt sea water, using Avco's unique freeze
crystallization process.

Avco's approach to purification involves the
freezing of pure water out of salt or impure water in
the form of small ice crystals. When frozen, the
crystals themselves are pure, while the salt or im-
purities adhere only to the outside surfaces of the
crystals. The impurities are then washed from the
ice crystals in a wash column and collected as a
concentrated brine solution. The pure water crystals
are then melted, resulting in pure drinking water.

Pollution Elimination

Aerojet-General Corp. has designed Japan's
largest sulfur dioxide removal system, retrofitting it
to the rear of an existing stack of a coal-burning
power plant.

After visits to the plant by U.S. Government
representatives, they reported: ""The reliable per-
formance of this system is of real significance to the
United States air pollution control program, since the
design ground rules for the Japanese unit are quite
similar to many of our power utilities requiring
desulfurization systems."’
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AEROSPACE ECONOMIC INDICATORS

CURRENT

Value of Civil Aircraft Shipments

Total Aerospace Sales

OUTLOOK
New Orders — Monthly Average
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'67 68 '69 '70 71 '72 '73 '67 '68 59 '70 it 72 '73 '67 '68 '63 '70 71 72 3
= Aorospace obligations by Dept. of Defense and NASA. 7
= Non-government prime orders for aircraft and engines.
AVERAGE LATEST SAME
ITEM UNIT PERIOD 1962-1971 PERIOD pERIcDAl [FRECEING el
* SHOWN YEAR AGO
Annual 3rd
AEROSPACE SALES: Total Billion $ Rate 23.5 Quarter 21.0 23.3 23.5
Billion $ Quarterly 5.9 1973 5.4 6.5 5.6
DEPARTMENT OF DEFENSE !
Aerospace obligations: Total Million $ Monthly 1,240 Sept. 1973 1,021 1,363 860 i
Aircraft Million $ Monthly 733 Sept. 1973 472 346 506 .
Missiles & Space Million $ Monthly 507 Sept. 1973 549 1,017 354
Aerospace outlays: Total Million $ Monthly 1,147 Sept. 1973 973 1,104 953 '
Aircraft Million $ Monthly 665 Sept. 1973 527 626 516 2
Missiles & Space Million $ Monthly 482 Sept. 1973 446 478 4317
Aerospace Military Prime
Contract Awards: TOTAL Million $ Monthly 1,057 Aug. 1973 855 603 1,532
Aircraft Million $ Monthly 631 Aug. 1973 529 396 611
Missiles & Space Million $ Monthly 426 Aug. 1973 326 207 921
NASA RESEARCH AND DEVELOPMENT
Obligations Million $ Monthly 270 Oct. 1973 305 161 213
Expenditures Million $ Monthly 2717 Oct. 1973 213 184 193
BACKLOG (55 Aerospace Mfrs.): Total Billion $ Quarterly 22.7 3nd 26.6 28.0 29.2
U.S. Government Billion $ Quarterly 13.6 Quarter 15.2 15.5 16.3
Nongovernment Billion $ Quarterly 9.1 1973 11.4 12,5 12.9
EXPORTS -
Total (Including military) Million $ Monthly 204 Oct. 1973 299 448 343 |
New Commercial Transports Million $ | Monthly 59 Oct. 1973 55 163 18 1
PROFITS (After Taxes) 3rd ‘
Aerospace — Based on Sales Percent Quarterly 2.6 Quarter 2.4 3.2 29
All Manufacturing — Based on Sales Percent Quarterly 49 1973 4.2 5.1 4.6 ‘ !
EMPLOYMENT: Total Thousands | Monthly 1,286 Sept. 1973 933 947 952 |
Aircraft Thousands = Monthly 699 Sept. 1973 | 503 512 516
Missiles & Space Thousands | Monthly 144 Sept. 1973 93 95 95
AVERAGE HOURLY EARNINGS,
PRODUCTION WORKERS Dollars Monthly 3.48 Sept. 1973 . 4.34 4.99 5.01

*1962-1971 average is computed by dividing total year data by 12 or 4 to yield monthly or quarterly averages.

+ Preceding period refers to month or quarter preceding latest period shown.

Source: Aerospace Industries Association -
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THE NAME OF THE GAME
STILL IS HIGH TECHNOLOGY

BY KARL G. HARR, JR.
President, Aerospace Industries Association

This first 1974 quarterly issue of Aerospace magazine notes that
last year saw an upturn in sales and exports of aerospace in-
dustry products. However profits still lagged well behind those
of U.S. industry as a whole, and unemployment continued on a
downward trend, though more slowly.

While it is not too difficult for an industry to note where it has
been, it's always a difficult matter when it comes to charting the
course ahead.

This is particularly true of 1974 and beyond when no serious
discussion can exclude energy — its sources and availability, Mr.
Paul R. Ignatius, who as president of the Air Transport Association
represents the most effective and integrated transportation sys-
tem we have today, refers to the airlines’ energy problem in an
important article in this issue.

Wisely, we think, the government has made it clear that fuel
allocation priority must be given to industries of every type —
industries that provide the jobs that feed, clothe, house and
transport us. Aerospace companies, many of them dependent
upon products and services from upwards to 10,000 subcontrac-
tors and suppliers, know firsthand that transportation is a rapid
flexible and efficient function without which much of our economic;
structure cannot operate effectively.

A year ago | noted that the all-important question for the U.S.
in 1973 was: “What is the will of this country with respect to
technology . . . if we sacrifice technological superiority for the
future we must be prepared to pay an unacceptable price in
economic progress and national security.”

Aside from our current preoccupation with energy, 1973 saw
little effort to increase materially the research and development
sponsored by the Government, and there has been a continuing
lack of understanding, and therefore a lack of encouragement, of
contractor-initiated research and development (commonly kno'wn
as IR&D — “independent research and development,”) performed
by high-technology industry. In fact, there are perennial attempts
to deny any Government sharing of the cost of this type of re-
search and development in the pricing of defense and space
contracts.

It is a curious dichotomy that critics of government contractor
IR&D have no quarrel with developers and producers of com-
mercial products when they recover their research and develop-
ment costs in the price of their products, yet such recovey in the
Puchases by government is viewed with alarm. It would appear
§hprtsighted indeed to discourage the myriad technical efforts
initiated by private industry that strengthen the national security,
place earth resources satellites in orbit and, through technological
transfer, enhance our national problem-solving capacity in many
areas. ‘

Employment, tax revenues, a favorable balance of trade, and a
place in the forefront of international progress in many fields
always will be essential to the well being of this nation — and all
such factors depend heavily upon superiority in research and
development.
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AKROSPACE
REVIEW AND
FORECAST

Sales by the aerospace industry during 1973 increased to an estimated $24.9 billion, more than
10 percent above 1972, Karl G. Harr, Jr., president of the Aerospace Industries Association, re-
ported in a recent yearend review and forecast. .

Much of the gain was due to increased commercial deliveries of wide-bodied transports, heli-
copters and general aviation aircraft. More than 40 percent of such production was exported.

In forecasting a sales decline to $24.7 billion in 1974, Mr. Harr warned that this estimate mif;-lht
well be optimistic if interrelated energy and economic factors seriously impact traditional buying
patterns. He added that “while projections for the short term can be made based on past per-
formance and normal growth patterns, no one today can assess accurately the effects of con-
tinued fuel shortfalls on production and sales.”

Highlights include:

EXPORTS Due to the favorable effects of two U. S. dollar devaluations as a factor, the export of
aerospace products rose a dramatic 27.6 percent to a value of $4.9 billion. This rePfeS_em? A
most significant industry contribution to the nation's balance of trade ledger, especially in view
of a 1973 increase of 37.5 percent in aerospace imports to a total of $777 million.

NATIONAL SECURITY ~The Department of Defense remained the biggest single buyer of aero-
space products with purchases totalling $13.8 billion in 1973, representing a 3.5 percent growth
over the previous year,

COMMERCIAL The most significant growth in sales came from the commercial market sector. A
43.1 percent sales increase in that category during 1973 underscores the current ability of the
American aerospace industry to compete in international markets. )
PROFITS  Consistent with the growth pattern experienced by most U. S. manufacturing industries
this year, net profits for the aerospace industry may increase to 2.7 percent of sales after taxes.
However, lengthy lead time requirements, increased international competition, and high risks apd
investment costs associated with advanced technology continue to minimize the aerospace in-
dustry’s profit ratio. The rate of profit for all manufacturing industries during 1973 is expected to
be 4.6 percent,

EMPLOYMENT Personnel statistics fluctuated somewhat during 1973. After increasing to 946,000
in June, the figures began to decline during the second half of the year. Employment at the
end of 1973 was about 935,000.



1974 FORECAST

Referring to the 1974 forecast which accompanies the year end review, Mr. Harr stated that “we
anticipate a slight decline in total aerospace sales in 1974 with commercial orders being the most
affected by the uncertainties of energy supplies. Traditional markets such as Japan and Western
Europe are currently reassessing their jet transport and general aviation needs in the wake of
the recent fuel shortages. New orders are expected to slacken temporarily as a result,” he added.

Sales to the Department of Defense in 1974 are expected to show an increase of over one half bil-
lion dollars for the year. Purchases by the National Aeronautics and Space Administration (NASA)
will show a slight decline. It is expected that aerospace sales to NASA and other non-defense
agencies will be down approximately $60 million during 1974.

Consistent with the aerospace industry’s efforts to find new applications for its technology, AIA
estimates that nonaerospace sales will reach an all time high of $3.2 billion in 1974.

The decline in total aerospace industry sales in 1974 to $24.7 billion will be one of the factors re-

sponsible for the further reduction of total employment figures. It is anticipated that employment
levels will be reduced to 915,000 during 1974,
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AR TRARNSE=C

By Paul R. Ignatius
President and Chief Executive Officer
The Air Transport Association

Making a meaningful assessment of scheduled air trans-
portation is, in many respects, like making an assess-
ment of the economy itself. This is so because air
transport influences and is influenced by broad sectors
of the national and international economy. P

Measuring air transport’s pervasive social and eco-
nomic impact involves so many aspects of present-day
life that it is, in no small measure, like making a report
on contemporary society.

Dr. Gary Fromm’s recent study, “The Value of Com-
mercial Air Transportation To The United States”,
found that commercial air transportation contributes
more than $30 billion of the country’s annual gross
national product. A few figures will help put this impact
into perspective.

The U.S. scheduled airlines in 1973 flew a total of
161 billion passenger miles—equivalent to a trip of
767 miles for every man, woman and child in the United
States.

The airlines last year carried more than 200 million ol
passengers, nearly four million tons of freight and ex-




TATION’S

press and about 16 billion letters for the U.S. Postal
Service.

This vital mass transportation was performed with a
2,250-plane fleet composed primarily of jet aircraft
and valued at well over $12 billion. Orders have been
placed for another 171 modern jet airliners valued at
an additional $2.42 billion.

Air freight alone accounted for a billion dollars of
the industry’s operating revenue, a record year for air
freight in revenue and volume.

Total operating revenue of the scheduled airlines was
just under $12 billion, but carnings, hard hit by rising
fuel costs, were less than $200 million.

Airlines have become mass transporters of people
and now account for 78 percent of common carrier
intercity passenger miles and for 95 percent of such
service between the United States and places overseas.

By last autumn the Gallup Organization could report
that 54 percent of all Americans over the age of 18 had
flown aboard a scheduled airline and that one out of
cvery four adult Americans had taken a trip aboard an

GROUNDING A $25 MILLION 747 CAN BE
EQUATED WITH SHUTTING DOWN FIVE
FACTORIES VALUED AT $5 MILLION EACH
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airliner within the past year. In 1962, only a third of
adult Americans had ever taken an airline trip. The
foregoing statistics should tell us something about those
intervening 12 years and, indeed, about all of the 70
years of powered flight.

Air transportation has played a big role in terms of
technological advances, new services and products and
in terms of new mobility for people throughout the
world. At the start of 1974, airlines are in the forefront
of efforts to cope successfully with a new challenge.

It is the challenge of keeping the country ecnomically
and productively strong in a period of many kinds of
energy shortages, particularly in supplies of petroleum
based fuels.

At a time when fuel shortages make public transpor-
tation more important than ever before, airlines face
uncertainties on fuel supply and a severe escalation of
jet fuel prices that could, unless checked, drive air
transportation beyond the reach of millions of citizens
to whom it is essential. How the fuel question is re-
solved will tell us whether the facts and figures on air-
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line service previously mentioned become service high-
points to be looked back at longingly in years ahead or
whether they will be replaced, as in the past, by a more
shining list of service accomplishments. Because air
transportation is so crucial to the welfare and strength
of our country, I am optimistic that new growth rec-
ords will be achieved in the next five year period.

I want to return to the fuel point in discussing the
industry’s prospects, but first let’s look in more detail
at air transportation’s impact. This will give us a clearer

AIR TRANSPORTATION'S BENEFICIAF

picture of what the country will be losing,
fuel question is wisely resolved.

The men and women in the air transport industry
have been increasingly active in telling the story of our
contribution to the economy. They have been par-
ticularly successful in telling the story of the direct eco-
nomic impact upon a community from its airport and
the airlines serving it.

This is a story of local payrolls and local purchases,
of money invested in homes, of local and state taxes

unless the

RIES AND BENEFITS
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paid and of local expenditures for food, clothing and
recreation. Such cconomic impact studies have now
been made in about 20 communities, ranging in size
and location from Los Angeles to Providence, R.1.

Aerospace magazine first reported on these studies
back in November, 1972. Hence, the detailed findings
need not be repeated here. It should be noted, however,
that as new studies are completed, economic impact
findings continue to be significant.

The good results hold true, regardless of the area of

the country. They are certainly true in the New York
Metropolitan Area where the impact of the air trans-
port industry is now running at $7 billion annually.
They are substantial also in the Chicago suburbs where
last year 12,000 airline employees—roughly half of the
total based there—paid out part of their airline pay-
checks to meet the mortgage payments on homes valued
at $400 million. And they are substantial in the At-
lanta area where the international airport is the largest
private employer in the state of Georgia.

SOCIETY

INDUSTRY GOVERNMENT SECURITY INTERNATIONAL
* Emergency shipments * Quick response to problem e Quick response to civil e Tourism
e Control and unity of areas disorder e Official and diplomatic
decentralized industries e Control and unity e Defense readiness exchange
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e Computerized routines and
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e Pleasant conditions
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e Time- and work-saving
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® Research spending

e GNP increase

e Taxes
o GNP growth as stabilizing
factor

e
} e Growth stimulus e GNP e Military capability of
| e Economic stability e Savings due to airlines' installations and equipment
L ® GNP increase _military preparedness
e Airline export e Balance of payments e International experience e Overseas sales of American
IS surplus as military back-up products
| e Employment used by e Employment contribution e Pilots as stand-by e Jobs for American nationals
: airline industry suppliers to political stability for emergency abroad
ory e Prestige
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As we expected, the findings from these studies have
proved to be of great interest and usefulness to the
communities involved. More studies will be made. The
airlines have long sought to delineate the industry’s total
contribution to the country. Although it may never be
possible to do this completely, the Fromm study takes
a big step in that direction.

The study divided the contributions of commercial
aviation into two categories, the measurable and the
non-measurable benefits. Although the latter benefits
cannot be assessed in monetary terms, the study identi-
fied many of them.

It approached the non-measurable benefits by con-
structing a matrix on which to display the relationships
between aviation’s outputs and society’s demands.

Aviation’s outputs were listed as speed, mobility,
capacity, technology, safety, economy, efficiency, con-
venience, capital investment, purchases of supplies,
export/import and employment.

These aviation outputs are analyzed in relation to
various demands of individuals, the family and society
as a whole. It can be seen that for individuals and
families, for example, air transport technology extends
both the range and economy of travel and that the high-
skill jobs in the industry broaden vocational oppor-
tunities.

In the larger social sense, aviation’s speed is seen
expanding the scope and productivity of many of our
most talented people in business management, the pro-
fessions and the arts. With respect to the country’s
international posture, air transport is seen as facilitating
important diplomatic exchanges. Also in the interna-
tional realm, new airline capacity for the fast overseas
delivery of freight is seen broadening U.S. export
markets.

In strengthening our national security, airline ca-
pacity makes a significant contribution through the Civil
Reserve Air Fleet composed of many of the most ad-
vanced airline aircraft. These aircraft and their crews
are available quickly to meet military transport needs in
time of national emergency, such as the recent Middle
East crisis. It is estimated that U.S. taxpayers save more
than $300 million a year because the military does not
have to buy this stand-by airlift. (For a more complete
view of the types of non-measurable benefits contrib-
uted to the country by air transportation, see the ac-
companying matrix.)

In approaching the measurable benefits of commer-
cial aviation, the study looked at those things that can
be seen in terms of billions of dollars contributed di-
rectly to the economy. It takes time to analyze such
data. Hence, the study worked with data from 1970.
Figures likely changed somewhat in intervening years
but, in fairly good ballpark terms, they would continue
to apply today.

The study was able to measure contributions of more
than $30 billion from commercial aviation to the GNP.
These are both direct and indirect contributions. Here
are some of the principal ones:

® The principal output of commercial aviation,
transporting people and cargo by air, had a money value
of more than $10 billion. Given increased revenue in
the intervening years, this figure would now be much
higher.

® Using the average annual income of the airline

business traveler to determine the value of his or her
time, the study then compared the differences in elapsed
time for various trips by air, rail, bus and private auto.
These travelers’ use of air, instead of surface transport,
saved at least $8 billion of their time, a very real con-
tribution. Rising incomes in the interim obviously
would make this contribution much higher today. The
study was unable to estimate the value of the time saved
by the personal traveler. It is obvious, however, that this
is another factor that would raise the total of the con-
tribution.

e Capital expenditures are another important contri-
bution air transportation makes to the cconomy. Some-
times the beneficial ripple effects of those expenditures
are not given the attention they deserve. Direct capital
expenditures for aircraft, cngines, parts, plant and
equipment ($3 billion in the study ycar) generate indi-
rect investment of supplier industries (an estimated
$6.6 billion in the study year). Continuing this type of
economic benefit, the airlines last year took delivery on
145 jet aircraft valued at $1.71 billion. As noted carlier,
another 171 aircraft, valued at $2.42 billion are on
order. More than 100 of these will be delivered this
year.

In addition to making these and other contributions
to the economy, scheduled air transportation is now
being called upon to make greater contributions. Short-
ages of gasoline have triggered the diversion of more
intercity travel from the personal automobile to public
transport.

Greater use of rail, bus and air all are important, but
it appears that air transport offers the best and quickest
means of absorbing more personal travel from the
highways. The long lead times required to get new rail-
way passenger cars and buses from the order stage to
the people-carrying stage work against a rapid expan-
sion of these modes. Air transportation, on the other
hand, already has ample equipment to absorb more
passenger traffic and freight.

There is evidence that government regulators are
showing a growing awareness of air transport’s im-
portance in moving more people, goods and mail.

|
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Originally, airlines were to have been cut back on fuel
by 15 percent below 1972 levels. This allocation has
been raised to 95 percent for the trunk airlines and to
100 percent for the local service carriers.

Other common carriers of people and goods, how-
ever, have been allocated all of the fuel they require
and air transport descrves the same priority treatment
as was intended by the Congress. Members of the
Senate and Housc determined that the priority is justi-
fied not only because of the public need for air trans-
portation, but also as a means of continuing the eco-
nomic benefits air transport generates throughout the
economy.

Grounding a $25 million 747, for example, ought to
be equated with shutting down five factories costing $5
million cach. Grounding additional aircraft, either be-
cause of the unavailability or high price of fuel, will
cause hardship to travelers and a curtailment of eco-
nomic activity.

The industry will continue to urge that airlines be
given the same fuel priority as other common carriers.
We also have been urging the establishment of effective
supply regulations. Such regulations must be sufficiently
detailed to protect deliveries under contract at reason-
able prices, to insurc technically and operationally ac-
ceptable fuel supplies and, critically important, to get
the allocated supplies to the airline users when and
where needed.

With the problem of fuel allocation cased, problems
arising from the unbounded increases in jet fuel prices
are taking on increased weight. Any onc with a stake
in air transportation—cither as user, supplier or op-
crator of a travel-related enterprisec—should take a
careful look at what's been happening to the price of
jet fuel.

Traditionally, fucl has been the sccond largest airline
cost item. In the ycars from 1960 through 1967 unit
fuel costs went down about 24 percent, with the
changeover to jet fuel from higher cost aviation gaso-
line. This was onec of the benefits of the replacement
of piston-powered aircraft with turbine-powered air-
craft. But unit fuecl prices began to rise when the
changcover was essentially completed. They climbed 13
percent from 1967 through 1972. This was an increase

of about 2.6 percent per year.

The big increases in jet fuel costs began in Sep-
tember, 1973. They rose 14.7 percent over the same
month of the previous year. They were up 19.5 percent
over the previous October; 23.4 percent over the
previous November, and in December, an estimated 32
percent over December, 1972.

International air carriers face a much worse situation.
Their fuel costs last September were up 20 percent over
a year ago, 34 percent in October and 41 percent in
November. The December figure exceeded 60 percent.

There is real danger that fuel costs will continue to
spurt upward in 1974. Estimates are that the cost of jet
fuel, unless controlled, will rise from 12 cents per gal-
lon in 1973 to 24 cents per gallon in 1974.

A price rise from 12 cents per gallon of jet fuel to 24
cents would increase industry’s fuel costs by well over
one billion dollars a year or five times the earnings
realized last year.

Obviously, fuel price increases of such magnitude
would push air transportation beyond the reach of many
of the people who need it most. Higher and higher fuel
costs would strike severely at many who need to travel
by air. Today, the average American family belongs to
the jet set and we are striving to prevent cost increases
that will knock them out of membership.

This is why the airline industry is urging that jet fuel
prices be controlled. Further, more serious attention
must be paid to the availability and cost of fuel for
international air transportation where the fuel cost im-
pact is most severe. Fuel must be made available from

* national resources to maintain international air opera-

tions at a level comparable to domestic operations,
whenever bonded supplies are not available at a reason-
able price.

Uncertainties about fuel supply and fuel price make
projections for 1974 among the most difficult in airline
history. Traffic and capacity should be in balance,
promoting higher load factors. Financial performance
should be favorably influenced by further belt-tighten-
ing. What happens to jet fuel prices and the industry’s
ability to recover added fuel costs will be of prime im-
portance in determining how we do this year.

An optimistic outlook would have to be founded on
three big assumptions. The first is that a way will be
found to curb unreasonable increases in jet fuel prices.
The second is that increased fuel prices will be re-
covered through increased revenues. The third is that
the fuel shortage and, indeed, the energy shortage as a
whole, will not have so negative an impact upon the
economy as to dry up great chunks of intercity and
international travel markets.

If these assumptions hold, 1974 could be a better
year for the airlines than 1973; but carnings will still be
far short of the rate of return on investment held rea-
sonable by the Civil Aeronautics Board. Instead of $200
million, the airlines would require earnings of about
$750 million to reach that level.

I hope these assumptions hold. The hope springs
from far more than an interest in the industry’s financial
performance, although this is important.

Air transportation is so important to more than 200
million passengers, shippers and mail users that it must
function in keeping with its full transport potential and
it must do so from a posture of economic strength.

"



The scope of aerospace education
Spreads through education from the pre-
Primary to the post-graduate levels, and
Spans areas of study from general ap-
plications to special career occupations.




THE AEROSPACE CHALLENGE

The scientific/technological revolution, which is perhaps
most crystallized in our nation’s aerospace activity, poses
an unprecedented challenge to those who must equip
tomorrow’s citizens.

Today's student is confronted with a world all parts of
which are accessible to him in a matter of hours; a world
in which he is similarly accessible to others whether they
wish him well or ill; a world in which his heroes—real,
live men who can be looked at, talked to and shaken
hands with—have walked in outer space; a world in
which moon travel, and even interplanetary travel, are
no longer drecams but are projects; a world in which
technological advance is so rapid that the curriculum of
a year or two ago is already old hat in certain disciplines,
-'_rj and vocational tooling can as quickly become obsolete:

. D [ ( \ D A , Q l_J a world. of challcnging anq insp_iring te-:chnolo_g?cal ad-
‘ __I\ Q N = A\ U5 F_] vance with challenging and inspiring social, political and
4 4 LA ENUNS ) =) cconomic effects.

l__] , \_) Ner= | = \ How do you prepare a student for such a world, much

TJ v , [f /—Aj l l- @ L[ © less the greatly more complicated one he will face as he

=)= \ ’f_[‘\ ! I\ I © enters his productive years?

“To help avert future shock, we must create a

| " l‘l N =\ super-industrial education system. And to do th_is
[Q (D \\[ [}; P \\f [ EJJ\F \[ we must search for our objectives and methods in
= (W J\ Uls) __/\ the future, rather than the past.” writes Alvin Toffler

in his book, “Future Shock.” )

Toffler believes: “. . . young people should be n-

= troduced to the wonders of outer space, living ‘WIth

- or near astronauts, learning about planetary environ-

ments, becoming as familiar with space technology as

most teen-agers today are with that of the family
car.”

“Our children should be studying Arthur C.

Clarke, William Tenn, Robert Heinlein, Ray Brad-

bury and Robert Sheckley, not because these writers
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N = can tell them about rocket ships and time machines
By DR. WAYNE R. MATSON but, more important, because they can lead young
AlA Associate Director — Educational Services minds through an imaginative exploration of the

jungle of political, social, psychological, and ethical
issues that confront these children as adults.” .
Although it is true that only a relatively few of today's
teenagers will design, construct or operate hypersonic
aircraft or interplanetary vehicles, and relatively few others
will expand further the scientific and technological horizons
which they inherit in mid-revolution—all will have to cope

) with the implications of these advances.

The implications of the acrospace revolution to the edu-
cational field are staggering. Certainly there is a challenge
to create a new climate ‘of learning which reflects the needs
of the aerospace age.

This need for educational reform has stimulated school
systems throughout the nation to introduce the concept of
acrospace education.

WHAT IS AEROSPACE EDUCATION?

Acrospace education is the study of acrospace and its
impact on society.

The term AEROSPACE (from A eronautics and Space)
first appeared in print in 1958 and has come to denote
both an environment and a field of activity.

As an environment, acrospace includes that total ex-
panse extending upward and outward from the surface of
the Earth (the atmosphere and space). As a field of activ-
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ity it includes both aeronautics (the study of flight within
the atmosphere) and astronautics (the study of flight in
space).

AEROSPACE EDUCATION secks to communicate
knowledge, impart skills, and develop attitudes relative to
the scientific, engineering and technical—as well as the
social, economic, and political aspects of acrospace. The
scope of aerospace education spreads through education
from the pre-primary to the postgraduate levels, and spans
areas of study from general applications to special career
occupations.

Prof. Joseph Coulter of the University of Oklahoma, in
proposing aviation as a minor in liberal arts, unrelated to
engineering or business, stated:

“The vast body of acrospace knowledge and its
impact on the social, economic, political and tech-
nical well-being of everyday American living and on
modern business is so great that failure to provide
experiences in aerospace education is tantamount to
curricular non-feasance.”

Aerospace education generates spontaneous pupil in-
terest in aircraft, rockets, missiles and space vehicles—
special interest that can lead them into many exploratory
enterprises that will help them understand the complex
age in which they live and to assume responsibility for
the improvement of everyday living.

Aecrospace education is a means for the school to meet
its responsibility to provide carcer guidance and educa-
tion for vocational competence. The aerospace industries,
government agencies, air transport industries and general
aviation, expanding because of acrospace developments,
require the services of several million trained people.

Aecrospace education also serves an integrated curricu-
lum, organized around a major interest employed as a
frame -of reference. Through the enrichment approach,

| standard course offerings are supplemented with pertinent
aspects of the aerospace sciences which are major factors
in many general study units.

Aecrospace education provides an opportunity to sup-
plement classroom instruction with popular educational
experiences, such as trips to airports, air bases, acrospace
manufacturing firms and National Aeronautics and Space
Administration and Federal Aviation Administration in-
stallations. In addition, local, state, and national aviation

Aerospace education is a means for the school to meet its re-
sponsibility to provide career guidance and education for voca-
tional competence.

Aerospace education

est in aircraft and rockets — special interest that can .
lead them into many exploratory enterprises that will help T
them understand the complex age in which they live.

agencies, acrospace industries, and other interested organ-
izations provide major acrospacc cducation resources.

Acrospace education fosters acceptance of in-service
teacher education as a permanent and integral aspect of
curriculum improvement. A study of the impact of aero-
space progress upon modern life is important to all
teachers.

Aviation and astronautics also are important areas of
adult education. Expanding career opportunitics in the
acrospace industry stimulate many adults to seck training
in technical vocations. Their broad effects stimulate others
to study the influences of aviation and astronautics.

Acrospace education has been endorsed by educators




and industry because it is practical and universally applic-
able to almost cvery school. It has academic validity and
a content of solid subject matter that makes it useful and
meaningful as general education, cven if a student does
not pursuc acrospace as a carcer.

In a three-year rescarch project in California, teacher
and curriculum consultants developed useful aviation edu-
cation materials at cevery grade level relating to the teach-
ing of economics. sociology, and anthropology. Because
ac»rnspucc cducation is interlocked with so many areas of
study, plans which cmphasize acrospace education in the
curriculum at all age levels are valid.

Acrospace cducation is being offered all the way from
a one-week unit as part of a mathematics, science or social
living course. through the entire spectrum of bibliographi-
cal services. scparate credit courses and extra curricular
activitics. to such ambitious programs as those in public
schools where students are trained through a level qualify-
ing them for positions as airline pilots and mechanics.

Today in the United States teachers in more than 20,000
elementary schools are utilizing aviation and space units
as a rcguiur part of the curriculum for both career and
academic study.

At the sccondary level, there are more than 1,500 high
schools offering credit courses in acrospace education.

At the college level. there are more than 600 colleges
offering acrospace courses or complete programs ranging
from introductory flight training to full degree programs
in acrospace.

And for a number of years now more than 10,000
teachers cach year have attended one of the 200 to 300
acrospacc cducation workshops held at colleges and insti-
tutions throughout the country. '

Acrospace cducation has been Fstablnshcd as a proper
discipline of the curriculum, meeting one or more of the
seven cardinal principles of public education—by endorse-
ment, by accreditation, and by cxpcricx.]cc‘.

The North Central Accrediting Association has approved
acrospace courses for credit which  will .bc. acceptable
cither for high school graduation or f(?r adllllSSI()n. to mem-
ber colleges. Other major organizations cndorsmg acro-
space ceducation for both stthc11ts gl]d tcachc_rs include
the Aviation Education Committce of th.c American Asso-
ciation of Colleges for Teacher Education, the American
Association of School Administrators, the American Coun-
cil on Education, the National Acrospace Education Asso-
ciation, the American Legion (in five separate convention
resolutions) and the Civil Air Patrol.

Every state alrcady has approved courses in aerospace
cducation or has given full authority for their inclusion in
the curriculum.

CAREER EDUCATION

Nearly 2.5 million students leave the formal education
system of the United States cach year without adequate
preparation for a carcer.

It is a rare high school that equips all its students to
make the choice upon. graduation of entering the job
market with a saleable skill or of continuing their edu-
cation.

At the college level, more persons are graduating with
a bachelor’s degree than there are jobs for degree holders.
By the end of the decade, 8 out of 10 jobs in America
will not require a baccalaurcate degree.

More appropriate curriculums must be developed and

they must be used more realistically if we are to meet the
needs and desires of students and serve the purposes of
society.

This need for educational reform has stimulated school
systems throughout the nation to introduce the concept
of carcer education. At the elementary level, students are
acquainted with the variety of occupational opportunities
in modern society and at the secondary level, academic
work is being combined with specific training for actual
jobs. For example, in one large high school in Dallas,
aeronautics students work on airplanes on school grounds.

In a study of 400,000 teenagers, conducted by the U.S.
Government, aviation ranked as one of the top career
choices for boys and airline hostesses as one of the main
carcer preferences for girls.

According to the National Exploring Development Com-
mittee, aviation consistently ranks in the top 10 in high
school career interest surveys.

Although career education is a new and revolutionary
concept in education, it is not new to those who have been
involved in aerospace education.

Dr. Wayne O. Reed, former associate commissioner for
Federal-State Relations, United States Office of Education,
stated:

“Acrospace education has already done much to
help both children and adults to find the answer to
the question: What shall I become? All who have had
a part in helping students to explore and study and
even practice in this field—teacher, technician, scien-
tists, skilled artisans, and all others who have given.
moral support and put their shoulders to the wheel—
all can take satisfaction in knowing that much of
what has been done can serve as models for educa-
tion in other fields.””

He further states: “The concepts of aerospace
education, with their emphasis alike on skills and on
well balanced development of the individual person,
and with their emphasis alike on science and the
humanities—these concepts seem now to have been
made to order to reinforce and support the concepts
of career education.”

The Journal Of
AERCSPACE EDUCATION

Today there are more resources, services, and
interested areas of support for aerospace edu-
cation than at any other time. Merging and using
these resources becomes both a challenge and
an opportunity for the energetic, imaginative and
motivated educator.

Readers interested in learning more about the
field of aerospace education and what it has to
offer may wish to subscribe to the monthly
(Sept-dune) Journal of AEROSPACE EDUCATION.

The subscription costs $5.00 and can be ob-
tained from:

NAA/AEROSPACE EDUCATION
National Aeronautic Association
Suite 610, Shoreham Building
806 15th Street, N.W.
Washington, D.C. 20005
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RELEVANT EDUCATION

A fundamental purpose of education is to prepare for
a productive and rewarding life. Yet, in schools through-
out the country, young people complain that curriculums
are dull and irrelevant; that their education is not opening
pathways to a fulfilling adulthood. Substantial numbers
of students score below their grade level in basic skills.
High dropout rates, absenteeism, academic failure, drug
abuse, vandalism, and assaults on administrators, teachers,
and other pupils signal their discontent.

On the other hand, a growing body of research evidence
continues to indicate that aerospace education programs,
particularly those involving a flight program, are success-
ful in:
® Motivating students to achieve academically;
® Motivating students to attend school more regularly;
® Motivating the students to become involved in a greater
percentage of their classroom time in instructional and less
disruptive and resistant behavior;
® Elevating the level of self-esteem and aspiration of the
pupils;

e Improving the chances of further education for the pupil;
e Altering the perception of the teachers and parents of
these youth as regards their scholarship ability.

In one survey the students participating in 17 high
school aerospace education programs stated they liked
their courses because the subject matter did not rely on
traditional clgssroom activities. Both teachers and students
rep9rted an 1mproved ability to utilize concepts in other
subject areas related to aerospace and the students in-
dicated a high interest in the vocational-occupational
aspects of aerospace and, importantly, acrospace appealed
to a broad cross-section of the student body.
turIer,l ir;g;}clierl-lt:;gzz Oz(t;;drc the traditional school struc-
established an Orgénizationozalftil SEdROOr.n 227%/ ¢ has
Aviation where industry ed = ucation IYOIlg! !
vate individuals Support’h‘ ucatlon,.gove.rnr‘nent and pri-
with mitorty groups in thls efforts in aviation education
g5k 1 o ; ¢ Los Angeles arca. Lloyd has

group ol under-achijeyin d tivated teen-

age students and helped them ; £ and moinakivaion e
€m 1mprove their grades in all
Aerospace educatio

subjects by ecxposing them to aviation. Students volunteer
their time on weckday cvenings and weckends to attend
class and carn flying time at Santa Monica Airport.

Acrospace education plays a vital role in cvery class
at August Martin High School in New York City. Pre-
viously the school was a dumping ground for black and
Pucrto Rican minoritics with the poorest attendance record
of any school in the city system and with so many other
problems that it was scheduled to be closed until the Avia-
tion Development Council and other interested parties
expressed an interest in developing a high school cur-
riculum there with cvery subject related to aviation. Today,
August Martin High School has the highest attendance
record of any school within the New York City system,
and is planning additional curriculums in acrospace edu-
cation.

Examples of success in acrospace education are as many
and varied as the ficld of acrospace itscelf. At Parkside
High School in Jackson, Mich., junior and scnior students
constructed a single place biplane during four semesters of
classroom work as a part of their Industrial Arts Program.
Although modest by the standards of today’s sophisticated
aircraft and spacc vchicles, the aircraft building project
represents an acrospace cducation achicevement for the
acrospace leaders of the future.

A number of teachers have made comments similar to
the following: “'I have not, in all my ycars of teaching, so
thoroughly cnjoyed a course as much as our acrospace
course. I don’t mean to take anything from my other
courses, for they have in recent years become more excit-
ing too; but acrospace scems to have a powerful effect on
these young pcople. Student enthusiasm for the aerospace
course greatly outweighs anything I've experienced in any
other class. This is partially due, I believe, to something
we're hearing a great deal about today—rclevancy. Aero-
space is a rclevant coursc. Students relate to it because
it’s a practical application of the things they learned, or
are learning, in their other subjects.”

COOPERATIVE EDUCATION

All levels of education have grown to the point where
nearly one-third of the entire population—more than 63

N provides an opportunity to supplement classroom instruction with popular educational ex-

eriences, 4 - .
= Such as trips to airports, air bases, aerospace manufacturing firms and NASA and FAA installations.




million people—now are involved in education on a full-
time basis.

Dr. John 1. Goodlad of the University of California in
Los Angeles and educational psychologist M. Francis
Klein reported that in a study of 67 schools in 13 states
highly publicized and recommended educational innova-
tions of the past decade have not reached the classroom.
One of their key solutions for closing the gap between
schools as they are and as they should be is to reconstruct
schools continually through partnership programs with
industry.

As the former commissioner of education, Francis
Keppel, said, “Education today is too important to be
left solely to the educators.™

While educational spending in public and private schools
(including colleges) was about $90 billion last year, in-
dustry spent almost $15 billion for manpower training
and re-education programs for their employees. Working
together industry and education stand to gain much more
than they contribute.

With the acrospace industry’s help, teachers already are
utilizing a variety of approaches at the elementary, second-
ary and college levels.

The aerospace industry supports aerospace education,
recognizes the importance of industry/education cooper-
ation in general, and has become increasingly involved in
a variety of cooperative programs with the educational
community in one or more of the following ways:
® Helping to keep students and faculty members current
on the state-of-the art in the industry;
® Establishing access to industrial personnel and indus-
trial planning, technology, training materials and training
programs;
® Arranging regular tours of facilities as well as special
company visits for both students and instructors;
® Developing visitation programs to schools of represen-
tatives from industry and from selected departments;

e Arranging work-study programs with schools where
students actively work at the company during assigned
periods of the school year;

e Assisting in the preparation of teachers for scientific and
technical fields;

e Maintaining communications with the educational com-
munity so as to keep them informed as to the types of serv-
ices and materials they have to offer as well as the types
of employees they desire;

e Encouraging the formation of industry/education coun-
cils.

The aerospace industry recognizes that the majority of
jobs in the years ahead will not require a college educa-
tion and is helping to change the attitudes of students,
teachers and parents toward career education.

The industry also is working to design new ways of
dividing jobs into trainable separate components, to update
the teaching curriculums in the technical fields and to
provide faculty members to technical schools.

It is striving to bring the industrial community into the
planning of the educational system and to develop a better
awareness on the part of guidance counselors as to chang-
ing job needs.

Outward-looking educators have sought aid from the
industrial community. Industry, motivated by self-interest
and by a sense of community responsibility, increasingly
is searching for ways to help schools and students prepare
for the future.
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“Air transportation has played a big role in terms of technological advances, new services and products
and in terms of new mobility for people throughout the world."—See Air Transportation's Impact, page 6.
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AEROSPACE ECONOMIC INDICATORS

CURRENT OUTLOOK
Total Aerospace Sales Value of Civil Aircraft Shipments New Orders — Monthly Average
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=——— Acrospace obligations by Dept. of Defense and NASA.
Non-government prime orders for aircraft and engines.
AVERAGE LATEST SAME
ITEM UNIT PERIOD 1962-1971 PERIOD PERIOD B Liho
* SHOWN YEAR AG
f Annual 4th
AEROSPACE SALES: Total Billion $ Rate 23.5 Quarter 21.4 23.5 24.3
Billion $ Quarterly 5.9 1973 5.7 5.6 6.5
DEPARTMENT OF DEFENSE
Aerospace obligations: Total Million $ Monthly 1,240 Dec. 1973 1,045 1,254 926
Aircraft Million $ Monthly 733 Dec. 1973 657 677 560
Missiles & Space Million $ Monthly 507 Dec. 1973 388 577 366
Aerospace outlays: Total Million $ Monthly 1,147 Dec. 1973 969 1,021 1,062
Aircraft Million $ Monthly 665 Dec. 1973 531 516 576
Missiles & Space Million $ Monthly 482 Dec. 1973 438 505 486
Aerospace Military Prime
Contract Awards: TOTAL Million $ Monthly 1,057 Feb. 1974 625 1,299 903
Aircraft Million $ Monthly 631 Feb. 1974 328 1,093 598
Missiles & Space Million $ Monthly 426 Feb. 1974 297 206 305
NASA RESEARCH AND DEVELOPMENT
Obligations Million $ Monthly 270 Feb. 1974 2217 411 192
Expenditures Million $ Monthly 271 Feh. 1974 244 256 232
BACKLOG (55 Aerospace Mfrs.): Total Billion $ Quarterly 22.7 Dec. 1973 26.9 29.2 29.7
U.S. Government Billion $ Quarterly 13.6 Dec. 1973 15.3 16.3 16.7
Nongovernment Billion $ Quarterly 9.1 Dec. 1973 11.6 12.9 13.0
EXPORTS
Total (Including military) Million $ Monthly 204 Feb. 1974 359 374 582
New Commercial Transports Million $ Monthly 59 Feb. 1974 140 100 303
PROFITS 4th
Aerospace — Based on Sales Percent Quarterly 2.6 Quarter 2.2 29 2.6
All Manufacturing — Based on Sales Percent Quarterly 49 1973 4.4 4.6 4.7
EMPLOYMENT: Total Thousands = Monthly 1,286 Feb. 1974 942 956 948
Aircraft Thousands ' Monthly 699 Feb. 1974 512 513 508
Missiles & Space Thousands = Monthly 144 Feh. 1974 94 99 97
AVERAGE HOURLY EARNINGS,
PRODUCTION WORKERS Dollars Monthly 3.48 Feb. 1974 4.85 5.17 5.20

*1962-1971 average is computed by dividing total year data by 12 or 4 to yield monthly or quarterly averages.

T Preceding period refers to month or quarter preceding latest period shown.

Source: Aerospace Industries Association



NEGLECTING
THE FUTURE

BY KARL G. HARR, JR.
President, Aerospace Industries Association

To people and industries heavily involved in technology,
the energy crisis held special significance. It provided an
example of what can happen when we choose to draw too
heavily on current resources while neglecting the nur-
turing of resources required to fulfill future needs.

Concerned observers believe that we are running a sim-
ilar risk on the broader front of technology. The concern
isn’t new. In 1971, the president of Stanford Research In-
stitute stated that ‘‘the United States must soon face the
fact that it is living on its research and development capital
and the account is beginning to run low.” That he was so
right is borne out by these facts:

e since the mid-1960s, our national investment in R&D has
fallen from three percent of GNP to 2.4 percent —the
smallest percentage since 1958.

e measured in constant dollars there has been a decline
in Federally-supported research and development of 20
percent since 1968.

e since 1967 the growth rate of non-Federal R&D has re-
mained constant in current dollars at about 7 to 8 per-
cent annually.

* |looking at Federal R&D from another perspective, the
ratio of Federal R&D expenditures to total Federal
expenditures declined from 12.6 percent in 1965 to 6.6
percent in 1973.

It is against this background that industry last month
presented its claim that the government should reimburse
all reasonable costs incurred by its contractors for their
independent innovative efforts and the preparation of bids
and proposals. In a comprehensive study conducted by
senior industry executives the relationship of these nec-
essary business costs and the maintenance of U.S. pre-
eminence in high technology and industrial competitive
capability is well documented.

Those who share industry’s concern about the erosion
of our national technology base will find of interest a re-
port on this study on page 2.
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Basically many Americans are aware that in our
free-enterprise system the economic health of the
United States is based on the economic health and
growth of industry. A fundamental requirement for
corporate profitability and growth is the development
of future products and services through company-
initiated research and development (IR&D) and bid
and proposal (B&P) efforts and the recovery of the
cost of such efforts in the prices of the products and
services.

And yet an interesting phenomenon exists in re-
lation to IR&D—the periodic attacks by a limited num-
ber of critics within the Congress upon the very heart
of our free enterprise system, company-initiated and
funded IR&D' and B&P efforts. The irony of such at-
tacks is the simple, basic economic fact that no com-
pany can continue to exist in our economy without
on-going, self-initiated research "and development.
It is an essential ingredient for maintaining its busi-
ness vitality.

At a time when knowledgable observers are' con-
cerned that a serious erosion of the nation's tech-
nologicall base is taking place, major industrial con-
tractors to the Government are reacting vigorously.
to threatened erosions in their own independent tech-
nicall efforts. i

Central to contractor concerns: arel the repeated
challenges to their recovery of reasonable costs in-
cured in two important industrial efforts, the conduct
of independent research and development (IR&D) and
the preparation of bids and proposals (B&P).

o /ndependent Research and Development is a
termi devised' by the Department of Defense and
used by Federal agencies to differentiate between
a contractor’s research and! development: technical
effort performed under a contract, grant, or other:
arrangement (R&D) and that which is self-initiated
and self-funded (IR&D).

e Bid and Proposal is a term devised by DOD and
used by Federal agencies' to describe a contrac-

tor's technical and supporting effort directed at
preparing and submitting proposals (solicited or
unsolicited) to a customer to meet an identified
customer requirement.

More Understanding Needed

Troubled that all interested parties do not fully
understand what IR&D and B&P efforts really are,
what benefits they produce and why they are essen-
tial, ani in-depth study on these subjects was released
last month| by three major industry associations. The
study was prepared by a Tri-Association ad hoc com-
mittee composed of member company senior execu-
tives under the auspices of the Aerospace Industries
Association (AlA), the Electronic Industries Associa-
tion (EIA) and the National Security Industrial Associ-
ation (NSIA).

The major study was undertaken in light of the
fact that as basic as they are to the economic health
and to the security of the nation, IR&D and B&P efforts
are the subjects of never-ending challenge by a few
critics who contend that the costs for such efforts may.
be unnecessary and possibly should be eliminated.
Also, despite the fact that the General Accounting
Office (GAO), acting for the Congress, has made many
studies on the subject, that office once more has been
requested to make a comprehensive and exhaustive
review of the subject. :

The course leading to the current request is
interesting;:

Congress has continued its surveillance of IR&D
and B&P and has asked both the GAO and the De-
partment of Defense (DOD) on numerous occasions
to furnish information as te the effectiveness of Pub-
lic Law 91-441 which governs these areas. The GAO
issued a report in April 1972 and another in April
1973 which concluded that DOD was “being reason-
ably diligent” in implementing the requirements of
the law.

Moreover, a year ago, Senator Thomas J. Mein-




yre (D-N.H.), Chairman of the Research and Develop-
1ent Subcommittee of the Senate Armed Services
,ommittee, gave an excellent review of the IR&D/
&P picture, generally indicating a well-managed ac-
vity. These conclusions were bolstered by repeated
onfirmation of DOD and the National Aeronautics
nd Space Administration (NASA) that both IR&D
nd B&P were not only greatly beneficial to their
perations, but wholeheartedly endorsed as necessary
osts of doing business with the Government. How-
ver, in September, 1973, Senator William Proxmire
J)-Wisc.), Chairman of the Senate Subcommittee on
riorities and Economy in Government, again ques-
oned the amounts being “paid” by DOD for IR&D.
/hile he addressed IR&D primarily, he included B&P
osts in his figures. Industry notes that this lumping
gether of IR&D and B&P costs and then drawing
onclusions relating only to IR&D activities is a mis-
iterpretation of data.

Soon after, the two Senators jointly called for a
ew GAO investigation, furnishing a list of 22 ques-
ons to be asked. in seeking information from DOD
nd NASA. The thrust of the questions posed to the
AO clearly demonstrated to industry that the vital
ature of IR&D/B&P still is not understood. There-
re, senior executives of companies with member-
1ip in AIA, EIA and NSIA decided it was incumbent
pon them to initiate a comprehensive study repre-
2nting the ultimate in documentation of what these
vo industrial efforts are all about.

arameters of IR&D/B&P

The result appears, and indeed is, formidable:
312-page volume of technical papers on which a
zcond volume, entitled “A Position Paper on Inde-
endent Research and Development and Bid and
roposal Efforts” is based. The Tri-Association Com-
littee responsible for these documents believes that
ley can contribute significantly to the deliberations
f those in government who once again may be faced
ith making decisions, legislative or regulatory, con-
erning industry-initiated technology.

The larger and basic volume cited above con-
iins industry’s findings and postures on six param-
ters of the recurrent issue:

e Economic Considerations Regarding IR&D and
B&P Expense.
e Alternative Methods of IR&D and B&P Cost Re-

imbursement.

e Benefits Derived from IR&D Effort.

e Benefits Derived from B&P Effort.

e U.S. & Foreign Nation Support of Industrial
Technical Effort.

e [ndustry Response to the 22 Questions Posed
to the GAO.

Pressures Against IR&D/B&P

The study points out that historically each of the
attacks on IR&D and B&P has resulted in additional
restraints upon industry efforts in these areas. It
speculates that repeated requests to the GAO for
study after study can understandably be interpreted
by the Department of Defense and other government
agencies as an indication that Congressional support
for IR&D and B&P is lacking and therefore intent
exists that such efforts should be reduced.

Should gross misunderstanding of IR&D/B&P be
permitted to continue, precipitate legislative action
might occur. In industry’s view, this would be contrary
to the best interest of the country and its government.
It could ultimately increase costs of weapon systems
and some consumer products as well. It would most
certainly jeopardize American industry’'s pre-eminence
in competitive technological developments.

For a number of reasons the amount of IR&D
costs that DOD has had to allocate to defense con-
tracts has remained practically the same for the last
five years. The net effect has been that the number of
man-hours of IR&D effort that the inflated dollars
could actually buy has declined by approximately 28
percent in that period. Similarly, industry allocations
of dollars to self-initiated IR&D have increased, but
only at a rate that is about holding a steady level of
real effort.

Other Nations on Opposite Tack

Based on available statistics, many of the world's
industrialized nations are giving greater recognition
to research and development than the U.S. Generally,
they are increasing their ratio of R&D to Gross Na-
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The thrust augmented wing is an aerodynamic
#concept involving propulsion, aerodynamic lift and

craft.

flight control surfaces to attain vertical/short take-
off (V/STOL) capability in high performance air-
Rockwell
project in 1970 to further develop and incorporate
earlier basic technology work. The IR&D effort
explored totally new and integrated aircraft sys-
tems. This work enabled Rockwell International to
| respond quickly to a Navy request for proposal
for such an aircraft, and a contract was awarded
to develop the XFV-12A prototype (left) which
is scheduled to begin flying later this year.

International initiated an IR&D

Honeywell in 1957 recognized that a proximity
fuze design could be a potential breakthrough in
altimetry techniques. |IR&D funds were used to
build a model which led to the instrument being
used by the Air Force in 1864 in the F-111 pro-
gram. As a result of additional altimeter IR&D
investments in 1966 it appeared possible to de-
velop a solid state altimeter which would dra-
matically reduce the size, weight and cost of
previous models. An IR&D investment in 1968
produced a model which has had wide applica-
tion in aircraft and missiles. At right is a mockup
of an advanced radar altimeter which Honeywell
is building under an Army contract. It will provide
pilots with both analog and digital information.

tional Product while ours is gradually decreasing.
Their productivity is reaching new highs while ours
is lagging. Numerous foreign governments have de-
veloped far-reaching and often generous R&D incen-
tive policies while, according to the U.S. Department
of Commerce, “the U.S. is perhaps the only advanced
nation in the free world which has not undertaken
national programs to stimulate technology develop-
ment in the civilian sector.”

Foreign governments have recognized the need
to encourage industry to conduct research and de-
velopment in order to provide a necessary technologi-
cal base to compete in the international marketplace.
In most cases such encouragement is in the form of
direct subsidies. U.S. companies neither ask nor be-
lieve that subsidies or direct payments of any kind
are desirable. However, the vital need for IR&D and
B&P efforts and the contribution of such efforts to our
nation’s technological base should be recognized and
encouraged by the Government's acceptance and re-
imbursement of the IR&D and B&P elements of cost
equitably allocated to government contracts.

Insistence by the Government on paying anything
less than its full share of these basic costs is, in effect,
a subsidization of the Government by American in-
dustry and its non-government customers.

Pay For What You Buy

In simplest terms, what the three associations are
saying is this:

e |f in-house industry efforts develop the transis-
tor, printed circuits and micro-miniaturized cir-
cuits for communications should not the Govern-
ment pay its share of these development costs
when it buys a product that incorporates them? A
civilian does when he buys a solid state television
or hi-fi set, or a pocket radio or calculator.

e |[f the Government states a specific need and
industry responds with proposals and supporting
bids to develop a “‘thing” that will weigh so much,
move so fast, do certain jobs, shouldn't the thou-
sands, even hundreds of thousands of dollars
spent to develop an acceptable bid and proposal
be a part of the cost of the finished product?
Industry considers it simple logic that the cost of

a manufacturer’s research and development efforts
undertaken to improve an established commercial
product or process, or to develop a new one, becomes
a part of the price of that or some future products or
processes. A business generates income by offering
products or services which customers are willing to
purchase. The prices of those products or services
include a profit, indispensable in a free-enterprise
economy. The price also includes the costs of labor
and materials used in producing and marketing the
product and allocable shares of the many indirect
(overhead) expenses necessary to operate the busi-
ness.

Included in these indirect expenses, for example,
are managerial and clerical salaries and wages, pay-
roll taxes, depreciation and maintenance of property
used in the business, utilities, insurance, taxes and
company-initiated research and development and bid
and proposal costs.

The business firm expends its own funds for all
of these elements of cost, but it is the customer who
in fact “pays for"” only his allocable share in the price
he pays for the product or service. This is true
whether the buyer purchases a pound of hamburger,
an automobile, a television set, a filling in a tooth, or
a military system. Conversel<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>