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in the immediate future.

Although final figures had not been compiled at
year-end, it was estimated that total sales would ap-
proach $13 billion and that the earnings rate would
be about 1.49, of sales.

Employment climbed from 643,300 at the start of

the year to approximately 675,000 at year-end. Aver-
age hourly wages increased from the 1960 average
of $2.70 to $2.80 in September, 1961.

The contributions of the individual companies to
aerospace progress in 1961 are detailed on the pages
that follow.

AIRFRAME, ENGINE
AND MISSILE MANUFACTURERS

AERO COMMANDER, INC.

The major highlight of Aero Commander’s 1961
year was.the announcement of plans for production
of a twin engine jet aircraft for the corporate
mz.lrket. With the Model 1121, as it was designated,
priced at $475,000 without electronics, Aero Com-
méhfier hoped to capture the market between the
existing line of piston aircraft and the larger jet
transports costing $1,000,000 or more.

The Model 1121 is a four to six passenger jet
featuring engines mounted at the rear of the fuse-
lage. With a wing span of 43 feet and an overall
length of 48 feet, the plane will cruise at more than
500 miles per hour. Price for the 112] completely
equipped with dual navigation and communication
systems, autopilot, radar, etc., will be $555,000.

Prototype flight was tentatively scheduleq for
early summer of 1962, and FAA certification was
expected by the end of 1962. The company esti-
mated the start of production deliveries by the third
quarter of 1963.

Aero Commander also announced production of
a pressurized version of the 680F Commander. The
pressurization package was being offered at $45,000
when installed at the factory as an item of dptional
equipment,

The differential pressure on the 680F-Pressurized
was raised from two to three psi. The new system
includes a Stratos-Sundstrand expansion type air
conditioning unit which provides cooling both on
the ground and in the air. Production deliveries
of the pressurized 680F were scheduled for Novem-
ber, 1961.

AEROJET-GENERAL CORPORATION

Aerojet-General Corporation moved forward at
a fast pace during 1961, entering the space field
competition with a new subsidiary, Space-General
Corporation, extending its operations into oceanics
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by purchasing a 15 per cent interest in the Global
Marine Exploration Company of Los Angeles and
expanding its international operations in the field
of optics and technical assistance to the NATO
Hawk production program. .

The company’s sales for fiscal 1961, ending No-
vember 30, were estimated to total S480 million
compared to $412 million the previous year. The
company estimated 1962 total sales should be be-
tween $550 million and $600 million.

During the year the company obtained a study
contract on the NERVA program and in October
announced it had obtained options on 80,000 acres
of land in Florida as a proposed site for a new large
rocket plant. Subsequently, 25,000 acres we_re leased
with option to buy in Dade County, Fla., and
President Dan A. Kimball announced that the com-
pany’s plans for use of this property would be made
known early in 1962. ’

Major programs accounting for the company’s
sales volume were the Polaris and Minuteman solid-
rocket programs and the Titan I and Titan II
liquid-fueled missiles. Aerojet provides both pro-
pulsion stages for Polaris and the second-stage for
Minuteman. Its liquid fuel engines propel both
stages of Titan 1 and both stages of the advanced
storable-fuel Titan IT.

As these programs move into later stages of pro-
duction and eventually taper off, Aerojet is prepared
to go into the field of large, segmented soli(.l rocket
boosters for space satellites, accommoda'tmg im-
proved Titan propulsion systems to similar pur-
Poses and to move on into complete space systems
with nuclear or electric propulsion devices.

-Aerojet in 1961 was off to a good start in this new
dlrgction. In August 1961, it successfully test-fired
at 1ts Sacramento Plant, the largest flight-weight,
segmented solid rocket ever fired, a motor of 500,000
Ibs. thrust. In the nuclear field, it was working on
an AEC-NASA study contract for NERVA (Nuclear

AEROSPACE YEAR BOOK









Skybolt propulsion was another Aerojet develop-
ment of its Solid Rocket Plant, while the Liquid
Rocket Plant’s Titan II was selected for the first
phase of the Air Force’s Dyna-Soar, a manned,
recoverable, space vehicle.

Feasibility studies and component development
were also underway on advanced concepts for future
application to such programs as Apollo, Nova,
Saturn S-1 and other space probing propulsion
requirements.

Aerojet continued the production of JATO (take-
off assist and in-flight thrust augmentation) rockets.
Sales in this area increased materially as broader
applications were made by manufacturers of com-

mercial and private aircraft.

AEROSPACE CORPORATION

Completing its first full year, Aerospace Corpora-
tion was fully organized and operational. Formed
in June, 1960, as a non-profit corporation, by
November, 1961, Aerospace employed approximately
8,000, including over 850 scientists and engineers.

The mission of Aerospace Corporation, working
in the interest of the U.S. Government, is to ac-
celerate the advancement of space science and tech-
nology. Its immediate purpose is to provide an ob-
jective organization of high technical competence to
serve the U.S. Air Force in the scientific-engineering
planning and direction of ballistic missile and
space programs. .

Early in 1961, Roswell Gilpatric resigned as
Chairman of the Board of Trustees when he was
appointed Deputy Secretary of Defense. William C.
Foster was elected to fill the post.

A number of field offices were formed during the
year in addition to one established earlier at Cape
Canaveral, Florida, These offices are located in
Washington, D.C; palo Alto, California; and
Boston, Massachusetts,

Aeros'pa?e Corporation, during the year, con-
tinued 1n 1ts assigned role as a planning and tech-
nical management  organization working in the
public mterf.:st—in partnership with the govern-
ment-science-mdusuy tcam—to advance space and
missile programs. ‘The company did not—nor does
it plan to—enguge in the production or manufacture
of hardware.

The Corporation was engaged in forward plan-
ning of such systems as pa-lllstlc missilg?:; defense
systems against ballistic 1n1§sxles and satellites; space
launching systems; surveillance, cz}rly_ warning,

and communications satel-

weather surveillance,
lites; systems for developing reentry, rendezvous,

and man-in-space capabilites.

THE INDUSTRY

The projects for which Aerospace provided gen-
eral systems engineering during the year include:
Saint, the satellite rendezvous and inspection sys-
tem; the booster for Dyna-Soar, the manner hyper-
sonic space glider; the Atlas booster used in the
Mercury man-in-space project; the launching and
final stage vehicles for Advent, a communications
satellite system; the Thor-AbleStar booster used in
the Transit navigational satellite program; targets
to be used in the Nike-Zeus weapon system test
program; the booster and final stage vehicles for
Vela Hotel, a research program for detecting high
altitude nuclear explosions; Bambi, program of
research on systems concepts for destroyinga bal-
listic missile during powered flight; and a penetra-
tions program for developing concepts to insure that
our missiles have the capability of penetrating
possible enemy defenses.

As a part of its mission, the Corporation con-
ducted both basic and applied research in areas
which because of their long-range nature are not
ideally suited to industry or because of the elaborate
technical support necessary are not suited to the
university. In addition, the company assisted the
Air Force in the technical management of its large
program of applied research in the missile-space
field. Laboratory research projects included: pro-
pulsion—chemical, nuclear, and electric; aero-
rr.lechanics—reentry and hypersonic flight condi-
tions; materials research—physical and chemical
effects created by the space and reentry environ-
ments; electronics—space communications and quan-
tum electronics; and space physics—with particular
emphasis on effects of radiation.

Headquarters for Aerospace Corporation is a
modern research and development center located
in El Segundo, California, adjacent to the Los
Angeles International Airport.

ALLISON DIVISION
GENERAL MOTORS CORPORATION

Contracts for development and productiop of Air
Force Minuteman rocket engine cases lus o
cant advances in the development of ;)va ‘.81gmﬁ-
aerospace power and propulsion systemg wer el 1:130:1);

the high points of 1961 for th i
e ] ...
General Motors. Allison Division of

M.Rocket €ngine CE}SGS produced by Allison for
Inuteman have, since the inception of the pro

gram, maintained a 100
: S Per cent reliability recor
In repeated static and flight tests cliability record

Allison in October

eceived a § -
from Aerojet-General e a §1,467,200 contract

COl‘pOration for development
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processing and handling equipment of its own, as
well as production recording equipment, and did
work in advanced radio communications.

LYCOMING DIVISION

Increases in virtually all the company’s major
areas of activity, including gas turbine engines, re-
ciprocating engines, constant speed drives, missile
systems and amphibious vehicles, were recorded by
Avco Corporation’s Lycoming Division during cal-
endar 1961.

In the aircraft reciprocating line, seven new
models or variations thereof were certificated by the
Federal Aviation Agency while major emphasis was
placed on improvements in existing models, includ-
ing fuel injection systems and turbo-charging. In
addition, two gas turbine models successfully com-
pleted their 150 hour qualification tests and were
placed in volume production.

First announcement was also made during the
year of a new family of air cooled, lightweight,
multifiel automotive-type piston engines being de-
veloped by Lycoming’s Williamsport, Pa., plant for
the Army Ordnance Corps. These new engines fea-
ture cold starting capabilities down to temperatures
as low as 25 degrees below zero.

In the amphibious vehicle field, Lycoming was
selected to design and develop for the Navy a new
advanced hydrofoil amphibious vehicle capable of
transporting five tons of cargo through rough seas
at speeds in excess of 35 knots. The vehicle will be
powered by a new Lycoming marine gas turbine
engine as will another amphibious vehicle for the
Navy now being built by Borg-Warner.

Qualification of a second constant speed drive
model and subsequent production of the unit for
use in the Douglas A4D-5 aircraft was accomplished
during the latter part of 1961. Production of
another model for Lockheed was also started during
the year.

In the missile field, Lycoming’s Stratford, Conn.,
plant successfully produced and hydrotested the first
titanium second stage rocket chamber for the Air
Force’s Minuteman missile. This unit, which was
later fired with complete success, is believed to be
the largest single chamber in the world ever fabri-
cated of titanium. A production order for a quan-
tity of titanium chambers as well as follow on pro-
duction for conventjonal steel chambers was re-
ceived from Aerojet-General Corporation.

Also in the missile field, Lycoming continued pro-
duction of re-entry vehicles for all three United
States intercontinental ballistic missiles; the Mark 4
for the Titan and Atlas and the Mark 5 for Minute-
man. New processes and techniques were incorpor-
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ated into the program throughout the year.

Other missile programs currently underway in-
cluded center skins for Bullpup, components for
the Saturn, acceleration rocket chambers for Dyna-
Soar and major assemblies for first stage Minuteman
rocket chambers.

At Williamsport, the company received type cer-
tificate number 1E-10 for the 10-360 engine rated at
180 horsepower. This fuel injection model was
being used in the Beechcraft Travel Air. Certificate
number }E-11 was awarded the fucl injection,
geared 1G0O-540 engine rated at 350 horsepower and
now being used in the Aero Commander 560F.

The company also received certification for down
rlrfift models of all three of the 540" series of fuel
Injection engines, the ungeared, geared and geared
and supercharged.

Certification of the company’s first turbocharged
moelel, the TVO-435, was also achieved during 1961.
This new helicopter power plant, used in the Bell
4?G-3B, increases altitude capability to 15,000 feet
with maximum continuous rating of 260 horsepower
and to 20,000 feet at a rating of 220 horsepower.

'The gas turbine program advanced in both the
arrcraft and marine areas. The 2200 shaft horse-
power T55.-1.-5 completed its qualification test last
year and entered volume production in early 1961.
It made its first flight in October, powering the
An:“Y’S New twin turbine Boeing Vertol HC-1B
Chlhook helicopter. A turboprop version of the
engine, featuring a Lycoming developed split-power
gear, was also tested for the first time. The new
turboprop, designated LTC4G-3, is rated at 2535
eshp and has the highest power-to-weight ratio of
any turboprop engine in the free world.
ll(I)‘g'C:}:mng’S T53.L-9 helicopter engine, rated at
enteredp’ was a'lso qualified during the year and
HU_ID}Frﬁductlon for use in the advanced Bell
ceived o §2‘1C0P_ter. In late October the company re-

million contract, its largest single pro-

ductio
n order ever for engines, for this new power
plant. ’

Other ; .
turbine advances were scored in the marine

ﬁNeis ZVIIEI; the seleetion of the TF-2036 for the
by gor ‘WW amphibious vehicle being developed
o g-Warner, and the TF-1430 for the LVH
ydrofoil vehicle being developed by Lycoming.
Total .number of Operating hours on all Lycoming
gas turbine engines exceeded 125,000,
foihlrl:;- II::II:IImfg Force Amphibious Vehicle, Hydro-
devel » lor which Lycoming received a prime
opment contract, wil] pe capable of “flying”
through rough water, boating through the surf zone,
traversmg difficult beaches or sand dunes and then
traveling overland at Speeds of more than 25 miles
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per hour. It will incorporate two fully submerged
foils which will be retractable for land operations.
The tires will contain a self inflation-deflation sys-
tem and will allow the vehicle to “kneel” for load-
ing and unloading operations.

The new family of multifuel engines included a
four cylinder, six cylinder and eight cvlinder model,
each with a high degree of parts interchangeability.
It is light and compact as a conventional gasoline
engine but uses only about 60 percent as much fuel.
There are only three principal moving parts per
cylinder. The engine will operate on compression
ignition fuel, combat gasoline, JP-4 jet engine fuel
or diesel fuel. Horsepower range is from 160 to 325
brake horsepower.

Lycoming’s two production constant speed trans-
mission models are the LD6-2 for the A4D-5 and the
LG3-1 for the Lockheed EC-121 aircraft. The latter
unit is a complete transmission and gear box rated
at 40 KVA. The LD6-2 is a compact unit rated at
17 horsepower and driving a 10 KVA generatnr
which provides 400 cps electrical power for the air-

craft.
NASHVILLE DIVISION

Avco's Nashville Division carried on its aircraft
structures production program in 19(.31 much as it
has in the past. Empennage and wm,gr structural
parts of aluminum for the Air Force's Lockheed
C-130 turboprop transport and of alumimum l}on?y-
comb for the Convair 880 and 990 commercial jet
transports were delivered during the year.

The division also produced the first upper aft
fuselage sections for the B-70 Valkyrie bomber.
These large sections of stainless steel honeycomb,
manufactured under sub-contract to North Amer-
ican Aviation, Inc., were made by using the new
Avcoramic tooling process developed by Avco.

This process makes possible the production of
stainless steel honeycomb in almost any size or
slizipc, to exacting specifications and tolerances,
without a brazing furnace. Avcoramic tools can be
heated in open plant areas and the entire brazing
cycle—heating, cooling and aging—can be carried
on without removing the stainless steel honeycomb
from the tools. Nashville Division was adapting the
process to specific applications for Saturn and a
number of other possible space projects.

RESEARCH AND ADVANCED
DEVELOPMENT DIVISION
At Avco/RAD work continued during 1961 under
Air Force prime contracts for the development of
re-entry vehicles for the Titan and Minuteman

intercontinental ballistic missiles. Similar work was
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also in progreess to provide re-entry vehicles for
advanced Atlas squadrons.

On February 1, an Avco Mark 5 vehicle soared
downrange from Cape Canaveral aboard the
Minuteman on the solid-fuel ICBM's completely
successful maiden flight.

In October, Avco’s Mark 4 R/V made a 9,000
mile test flight boosted from Canaveral by the Atlas
ICBM. The Mark 4 impacted in the Indian Ocean,
and the Avco/RAD cassette containing vital flight
data was recovered.

For a special NASA study of re-entry materials,
Avco RAD materials specialists and design engi-

neers delivered three re-entry payload nose caps for
fiight test aboard the Scout research vehicle.

Meanwhile, the division’s Florida Missile Test
Station at Patrick AFB continued to meet ‘round-
the-clock schedules for the check-out and delivery
of Avco re-entry vehicles to Cape Canaveral launch-
ing pads, with the pace of RAD's mvolvement in
ICBM test flights gaining increasing momentum
through the summer and fall of 1961.

At Wilmington, construction began on a million-
dollar building to expand facilities for the develop-
ment of spzice systems. Also, existent capabilities for
test operations were increased when a 91-foot, 12-
foot-diameter wind tunnel was installed for hyper-
thermal studies.

In the arc jet sciences the division produced the
first practical electrodeless plasma torch, making it
possible to heat-test ablation materials in an uncon-
taminated jet stream. A new l4-to-one pound thrust
arc jet engine which dissipates heat up to 1,000° F.
by radiation was developed, thus eliminating the
need for a closed-cycle cooling system. Continuous
runs of. up to 100 hours were achieved with this arc
jet engine.

A new lightweight plasma gun was designed and
pack.aged as a complete system for industrial spray-
coating operations. Previously unattainable com-
ponent tolerances were also obtained in using the
plasma gun system for the application of brazin
niaterials. Tlie tolerance reduction was made posg
;llzllsemba}f spraying brazing powders in 3 non-oxidizing

A preliminary design st
A_pollo Iunar spacecragft wal;dzorfi;rleizg 1t)hree-mm.]
vision’s scientific and technological staff y the di-

l{ocket nozzle design angd tgsti o
being conducte.d_ to develop nozzles for e ; ith
a thrust capability of 4 million ngimncs wit

In Undersea Technology in liounds an‘d s in
cluded: advanced progr , ovse projects T

hydrofoil system TS to develop high-speed
and submarin 15, antisubmarine weapon systems,
¢ detection and dassification systems.
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Studies were being made of deep water corrosion,
acoustic damping, underwater sound propagation,
and long-life underwater power sources. During
1961, an Avco-developed command communications
system was in service with the Navy's Polaris-armed
submarine fleet.

In Human Factors Engineering, Avco/RAD scien-
tists worked on problems associated with man’s sur-
vival in outer space. Specifically, their mission is the
integration of Factor “H”—the human equation—
into systems concepts designed for outer space or
underseas.

Devices under development in the division’s
Medical Science Technology department included:
a cardiac probe to remove obstructions in the
human heart by means of sound waves, and a TV-
catheter system which would make it possible to
view the interior of a pulsing heart.

BEECH AIRCRAFT CORPORATION

First flights of new products, expanding aero-
space projects and important changes in marketing
concepts highlighted Beech Aircraft Corporation’s
research, development and production activities in
1961.

For the fiscal year ending September 30, 1961, the
company’s total commercial and military sales ex-
ceeded $72 million, well in line with original pro-
jections. Of this volume, business airplane sales of
more than $43 million gave Beech its second highest
commercial sales year in history. While factory
deliveries of all Beechcraft models compared f{avor-
ably with 1960 unit totals, 1961 retail sales were up
due to the fact field inventories at the beginning of
the ’61 sales year were somewhat higher than exist-
ing levels 12 months earlier.

Military sales of some $29 million in 1961 topped
by several million Beech predictions a year earlier.
The company had forecast a substantial reduction
in military volume as the result of a scheduled
phase-out of major subcontract jet fighter assembly
production programs and the cancellation of its
B-70 alert pod development project.

Particularly noteworthy in 1961 were sharp gains
in Beech export business aircraft sales. Total com-
mercial export sales of more than $10 million repre-
sented a 3114 per cent increase over fiscal 1960.
European markets, where sales climbed rearly 100
per cent, recorded the greatest growth. And for the
first time in company annals, two export distribu-
tors—Transair S.A. and Travelair G.M.B.H., both
located in Europeé—paced the entire Beech retail
sales organization, domestic and export, in dollar
business volume.
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The prototype of the all-new Beechcraft Model
23 Musketeer four-place business airplane, priced
in the $12,000 category, successfully completed first
flights in October. Well into its test program by
year-end, the engineering prototype is powered
by a 160 hp Lycoming (0-320-B2C) four-cylinder
engine. An all-metal, low-wing design with fixed
landing gear, the Model 23 structure incorporates
certain advanced fabrication techniques used in the
manufacture of the most powerful jet aircratt flying
today. Deliveries of the certificated airplane will
begin in the fall of 1962.

In September company officiz.s confirmed that
Beech will build a new twin turboprop-powered,
fully pressurized executive transport seating six to
eight people. This new model will cruise at more
than 300 mph on nonstop flights of over 1,500 miles
with all allowances and adequate fuel reserve. The
FAA-certiﬁcaLed airplane will be ready for delivery
in 1964 at a basic list price of less than $400,000.

Beech turbine studies date back to 1955. And for
Lh.e past three years Beechcraft Model 18 and Travel
{\1r turboprop testbeds have been flying successfully
in France, However, final determination of the new
turbOP_rOp transport configuration was based on an
CXtctnswe market and engineering research program
during which the majority of large corporate fleet
operators were queried as to desired specifications.

In January the firm announced signing of a for-
mal agreement with Societe Francaise 1’ Entretien

eL" . fle Reparation de Materiel  Aeronautique
(§I<LRNIA) for further (levcl()pment and ;1pplica-
tion of F

rench turboprop engine installations in
B'eechcraft airplanes. The agreement also authorizes
distribution of Turbomeca Astazou-powered Beech-
craft Baron (Marquis) planes in certain Europcan
areas, although there are no immediate plans to

market the mode] in the United States.

Because of a growing product line, projected in-

'creases in retail volume and market demands, Beech
1r'1 1961 staggered its introduction of new business
airplanes. Also for the first time, the new models
were presented in the field at regional meetings con-
ducted by I‘actory teams of marketing specialists. In
p.ast years the company unveiled its complete new
line at the annual international distributor and
dealer sales meeting. The new procedure was aimed
at eﬂ'ecting economies at factory and retail levels
and benefiting national promotion programs.
Introduced in October were the new Beechceraft
Model 65 Queen Air and the B33 Debonair, fol-
lowed in December by the new A55 Baron and the
P35 Bonanza. Each new model featured major im-
provements designed for greater operating (‘(.)Hlf()l‘t,
efficiency and utility. No changes were contem-
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“topping control” units, an assembly which serves
as part of Atlas ICBM launch silos. The new auto-
matic system delivers liquid oxygen to the missile
immediately before firing and controls the oxidizer
flow at a given volume and pressure to insure the
mission’s success as programmed.

A contract announced in July by Beech and the
Aeronautical Systems Division of the Air Force Sys-
tems Command called for design, development and
production of fuel and oxidizer transporters for the
Titan I1 ICBM program. Valued at approximately
$800,000 exclusive of spares, the work was assigned
to the Boulder Division.

During the year a new Beech-designed air refuel-
ing system for Navy fighter and attack aircraft suc-
cessfully passed initial flight evaluations at the
Naval Air Test Center, Patuxent River, Maryland.
Result of some 30 months of engineering research,
the new range extension system completed nearly
50 successful connections by five of the latest Navy
jet aircraft—the F9F, F4H, A4D, A3] and F8U. The
fuel pod was slung beneath a modified B-26 bomber
for the flight test operations.

Toward the end of the year, Beech concluded
negotiations on two new production contracts, one
valued at over $4 million for an additional quan-
tity of Army L-23F utility transports, the other an
$8 million follow-on order for Republic F-105 aft
fuselage sections. Beech work for the military dur-
ing 1961 included both prime contracts with the
services and other government agencies, and major
subcontracts with other leading aircraft, missile and
space vehicle manufacturers.

By year-end, Beech was engaged in more than 120
different projects, ranging from the development
and marketing of new business aircraft accessory
packages to the design and production of an en-

_capsulated seat escape procedures trainer for the
supersonic B-58 Hustler bomber.

BELL AEROSYSTEMS COMPANY

Research and production at Textron’s Bell
Aerosystems Company in 1961 spanned a broad
range of aerospace advancements from flights of the
company’s rocket belt to tests of a new lightweight
inertial reference navigation system.

The Textron Company’s Aerospace-Rockets Di-
vision continued production and further develop-
ment of its Agena rocket engine.

Manufactured under contract to Lockheed for the
Air Force's Discoverer program, the Bell Agena en-
gine also provides final stage propulsion for Midas,
NASA’s Ranger and other U.S. space projects. In
1961, the 15,000 pound thrust Bell rocket had
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Placed more payload in orbit than any other engine
in the free world space arsenal.

I.n tl?e field of reaction control technology, Bell
mamt:%med its leading position during the year
when its capsule control system performed ‘“‘as re-
qulre.d" during the historic Mercury flights. Bell
rea}ctlon control systems were also being used or
being developed for the X-15, Agena, Midas and
Centaur. The company’s reaction control develop-
ment program covered a full range of liquid mono-
propellant, liquid bipropellant and gaseous bipro-
pellant systems and components.

On April 20, Bell test engineer Harold M.
Gra?lam made the world’s first free-flight with back
carried rocket equipment. It is noteworthy that this
first attempt with a long sought ‘“flying belt”
covered 100 feet, 20 feet less than the Wright
brother’s initial attempt.

The Bell rocket belt was built for the Army to
pr_ove that man could achieve controlled free-flight
X;Zhﬂl.m;table rocket equipment. More than 80
distanlg ts were made during the year. Ground

C€s up to 400 feet were covered and obstacles
of 25 feet were easily surmounted. Having conclu-
sively proven the feasibility of flying belt concept,
Bf_rll centered its effort on the development of oper-
z:;rg hardware with less weight and considerably

Bellri:gg than. thfé first experimental model.
nol ade a significant contribution to the tech-

©8y of high temperature structures with the suc-
cessful completion of its “Double Wall” test pro-
sgcr:lr:ffuzre lt:le Air Force. The company built a full-
glide Vehidge and wing root section of a hypersonic
tests indicaf Zmploymg the Double Wall. Air Force
withstand tlf): that the Bell structure was able to
encounteredg extreme.temperatures that will pe
ical re-enty l}l’ boost-glide vehicles during the crit-

In the arZ P fase of earth orbit missions. .

Bell COntinS(zi adv:imced transportation techniques,
effect machi c¢ to investigate VTOL and ground
VTOL tran:e concepts. Bell engineers designed a
ducted fane t[})lort conﬁguration featuring rotatable
pulsion. Ny at prov1(.le both lift and forward pro-
Hydroskimmy evaluation of the experimental Bell
on a Cushioner;a craft that rides over the water
vided by mu Ot ar with forward momentum pro-
1961 B}zllse d outboard motor—were completed in
velopment 2 (c)in knowledge gained during the de-
much lar ern tests of the craft, Bell proposed a
eValuatioi aground effect machine to the Navy for
The Vehicles‘ a cargo and troop transport vehicle.
be bl 1S 1n the 15 to 20 ton class and would

I;:alli,a N (.)f Speeds up to 90 knots.
andelalj Avionics Division completed development

oratory tests of itg HIPERNAS (HIgh PER-
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world records.

Bell was named one of three winners of the
Army’s design competition for the turbine-powered
LOH (light observation helicopter) .

Bell activity in the commercial helicopter field,
domestic and loreign, continued at a high-rate.

A new turbo-supercharged commercial ship, the
47G-3B, was introduced to the market.

The YHU—I.D, latest Bell model in the Army’s
famed Iroquois Series, began Phase I test (lights.

A 54,100,0(.)0 order for Bell's Mode] 204B (b:lSiC-
ally, same ship as the U.S. Army’s HU-1B Iroquois,
now in production) was received from the Aus-
tralian government.

T?vo HU-IB'S were chosen by the Navy to fly
special missions in the Antarctic as part of Opera-
tion Deepfreeze.

Bell helped to develop and refine helicopter arma-
ment missions now operational with Army units,
and development was continued on other rotary-
wing armament. Work also proceeded on helicopter
instrumentation under ANIP (Army-Navy Instru-
mentation Program).

The company also designed and delivered two

remote-controlled Army H-13 ships. The drone
program was under Navy contract.

Bell’s XV-3 convertiplane, being developed for
the Army, underwent NASA tests and made more
than 100 in-flight conversions of its tilting prop-
rotors.

The Navy's HUL-IM, a turbine-powered light
helicopter prototype, was flown for the first time. The
flight marked first time Allison’s new 250-SHP T63
engine was used to power any aircraft,

For 1962, Bell planned to manufacture three com-
mercial helicopters, the three-place 47G-2A and
47G-3B and the four-place 47]-2.

Bell has made and sold more commercial helj-
copters than all other U.S. manufacturers combined
and in 1961 saw its ships at work from polar zones
to tropics and on all continents.

In the military field, Bell will continue in 1962
with production of the Army’s turbine-powered
Iroquois Series and will build LOH test ships for
the Army with flight evaluation scheduled to start
in 1963.

Bell helicopters’ flight time since its first ship was
built reached 8,500,000 hours in 1961 —equivalent
to almost 1,000 years in the air.

In the fall of 1961 Bell employed approximately
$.100 persons and predicted its business for the
year would gross more than $51,000,000.
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THE BOEING COMPANY

Boeing Airplane Company became “The Boeing
Company” in May of 1961, and a new division con-
solidating military aircraft activities of the Wichita
and Seattle areas was announced late in September,

“We have felt for some time that the name "Boe-
ing Airplane Company’ does not reflect completely
the diversified nature of the company’s activities,”
President William M. Allen said after the new
corporate title had been ;1])1)1‘0\'6(1 by the stock-
holders. “At the present time more than one-third
of our effort is in areas other than aircraft, and dhis
percentage is likely to increase in the future.”

The new division, known as the “Military Ajr-
craft Systems Division,” is headed by Vice President
E. C. Wells as general manager, with the Wichiwa
Division becoming the Wichita Branch. C. B.
Gracey continues as Vice President—General Man.
ager of the Wichita Branch, while G. C. Martin,
formerly Vice President—Assistant General Manager
of the AeroSpace Division, is Vice President—
General Manager of the Seartle Branch.

Primary responsibility of the new division is to
design, develop, produce and support military air-
craft weapon systems. Both the Seattle and Wichiw
branches are engaged in the design and develop-
ment of new systems, with the Wichita Branch the
principal source of manufacturing capability.

AERO-SPACE DIVISION

Dyna-Soar, Minuteman, Bomarc and a number of
diversified new products provided the principal
highlights for the Aero-Space Division in Seattle
during the year.

An inspection in September by a government re-
view team of a full-scale mockup of the Dyna-Soar
manned space glider marked a major milestone in
the development of this Air Force program.

Full scale replicas of various elements of the
Dyna-Soar system were involved in the mockup. It
was the first time that all major pieces of the system
—glider, booster, subsystems and the like—had been
brought together under one roof.

Boeing announced in May that it had signed all
of its eight major subcontractors for work on the
glider portion of the system. Approximately
$40,000,000 will be spent by Boeing on these major
subcontract items: Nose cap by Chance Vought
Corp., Dallas, Texas; test instrumentation subsys-
tems by Electro-Mechanical Research, Inc., Sarasota,
Fla.; hydrogen cooling system by Garrett Corpora-
tion’s AiResearch Manufacturing Division, Los
Angeles; flight control electronics subsystem by
Minneapolis-Honeywell’s Aeronautical  Division,
Minneapolis, Minn.; accessory power unit by Sund-
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products of the company’s main lines of endeavor.
By mid-year it had combed through hundreds of
patents in search of usable, salable products and
had licensed the first 10 items for manufacture and
sale. These included a fluidized bed furnance, a
plastic metal compound for tool and die making,
and miniature electronic medical instruments,

Several major steps in Boeing's advanced hydro-
foil program were taken in 1961. In February, the
keel for the Navy’s new 110-ton hydrofoil subchaser
was laid at the J. M. Martinac Shipbuilding Corp.
at Tacoma, Wash., and construction begun. It was
scheduled for completion in the sumnmer of 1962,

Construction of the new boat had been under
way only a few months when the Navy announced
that Boeing also had won the competition for con-
struction of a 15-ton twin-hulled €xperimenta] hy-
drofoil boat, to be used as a test bed for the develoP-
ment of supercavitating foils. Speeds are expected
to reach 100 knots.

A 38-foot hydroplane, developed to test foils and
other marine shapes, was constructed and launched
in June. Shaped like a tuning fork, the craft has
two sponsons forward, between which the shapes to
be tested are suspended.

TRANSPORT DIVISION

Tooling for production of the new Mode] 727,
continued on-schedule production and deliveries
of the 707 and 720 series of commercial jet airliners
and KC-135 military tankers, plus the inception of
two new military transport versions of this airplane,
were the major activities of the Boeing Transport
Division in Renton, Wash., during 1961.

In addition to its 727 tooling program, Boeing
also moved forward with its plans for testing this
new three-engined jet. This test program, it ig
believed, will be the most extensive ever given ,
commercial airliner and will require the expendi-
ture of several millions of dollars of company funds,

Six new customers placed orders for Boeing jet-
liners during the first three-quarters of the year,
while 13 established customers placed additiona]
follow-on orders to augment their present Boeing
fleets. Included among the latter were 727 orders
from Lufthansa German Airlines for 12 aircraft
and American Airlines for 25 of the new short-to-
medium range jetliners. These brought total 727
sales to 117.

The Boeing P&W turbofan-powered 707-120B
and the 720B airplanes received their Federa] Avia-
tion Agency certifications and entered regular air-
line service during this period. Incorporating the
Jatest aerodynamic and powerplant advancements,
these airplanes immediately began setting new
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records for their operators. A total of 386 point-to-
point speed records were held by Boeing jet air-
liners in 1961.

Boeing also announced that it would build the
707-320B, a turbofan-powered version of the large
long-range Intercontinental series. The engine will
be the Pratt & Whitney JT3D-3. These new power-
plants plus design improvements will enable the
-320B to carry a 40,000-pound payload more than
5,400 miles. Pan American World Airways ordered
five of this new model, Trans World Airlines six,
and Air France four.

The Boeing modification center continued to
retrofit early 707 and 720 jetliners with the latest
engine, airframe and systems improvements for its
customers to make these early models as up to date
at the newest airplane off the production line.

As the year entered its final quarter, Boeing had
delivered 237 jetliners to the airlines, the Air Force
(VC-137) and the FAA. In service, these airplanes
had logged a total of 831,750 flight hours and flown
more than 368,000,000 miles carrying 17,940,000
passengers.

Deliveries of the military KC-135 tanker-trans-
ports to the Air Force passed the 500 mark during
1961. In service with the Strategic Air Command,
the KC-135s serve as its standard refueling tanker as
well as in a number of other important support
roles.

Contracts for 15 Boeing C-135A and 30 C-135B
jee transports were placed by the Air Force with
Boeing during the year. Developed from the service-
pProven KC-135, these all-cargo versions will be used
for strategic airlift of cargo, troops or medical evacu-
ation over intercontinental ranges. The C-135A is
Capable of carrying 64,000-pound payloads more
than 4,000 miles. The turbofan-powered C-135B
will provide even greater range-payload capabilities.
The first of the C-185As was delivered to the Air
Force in June.

WICHITA DIVISION

Continued on-schedule production of the B-52H
global ballistic missile bombers and delivery of
them to four operational units of the Strategic Air
CO'mmand highlighted 1961 Boeing activities at
Wichita, Kansas.

Thro“ghOUt the year, production of the B-52H
bombers wag the prime assignment. Additional B-
52Hs were 1o be produced until mid-1962, under
present schedules, for two other SAC units, with
final deliveries scheduled for August.

Th? B-52H first was unveiled to the public at the
chhlta facility January 5, and made its maiden
flight March 6, Initial delivery was made to Wurt-
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smith AFB, Mich., to SAC’s 379th strategic wing.
The eight-jet global weapon system, designed to
carry four hypersonic Douglas Skybolt ballistic mis-
siles. is being equipped with North American
Hound Dogs until Skybolts become operational.

Other 1961 Boeing features at Wichita included
the 20th anniversary of the giant final assembly area
and defense production involving expenditures of
more than $6.5 billion during the two score years;
delivery of the Minuteman mobile transfer unit, de-
signed, engineered and produced at Wichita, to the
Aero-Space Division in Seattle, and extension of
the Boeing-Air Force “Sky Speed” field modification
program to include on-site maintenance at Castle
AFB, Calif., and Biggs AFB, Texas, resulting in less
down time for operational B-52 aircraft.

Support of other divisions by Wichita tooling and
manufacturing groups also included 707-720 parts
fabrication and 727 tooling for the Transport Di-
vision and design, engineering and fabrication of
components for the Vertol Division's helicopters.

VERTOL DIVISION

Two new twin-turbine helicopters—the Boeing-
Vertol 107 and the HC-1B Chinook—rolled off the
production line at Morton, Pa., and made their
initial flights in 1961.

In February, a special military version of the 107
designated HRB-1 was named winner of a Navy
design competition for a new assault transport heli-
copter and 1+ were ordered for the U.S. Marines.

Between February and October firm orders for 87
other 107s were received from New York Airways,
the Royal Canadian Air Force, the Swedish Navy
and Air Force, and Kawasaki Aircraft Company,
Boeing-Vertol's licensee in Japan.

An order also was received in February for 18
HC-1B Chinooks for the Army, boosting to 28 the
total number of Chinooks on order.

During the first nine months of 1961 employment
at Morton rose from 2,900 to 4,500.

INDUSTRIAL PRODUCTS DIVISION

The Boeing Industrial Products Division in
Seattle provided two notable “firsts” during the
year. Its T50-BO-4 turboshaft engine became the
first United States turbine in the 250-horsepower
range to earn a wilitary-approved 150-hour quali-
fication rating, and the world’s first gas turbine-
powered fire truck went into service with the Seattle
Fire Department. The truck, built by American
LaFrance Corp., of Elmira, N.Y,, is powered by a
330 shaft horsepower Boeing turbine. A second
fire truck powered by a Boeing turbine went into
service with the San Francisco Fire Department
shortly afterward. Also in the fire-fighting line, two
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Boeing turbine-driven pumps were selected to pro-
vide fire-fighting power for a United States Army
100-foot tug-fireboat.

Production was under way during the year for
T50 engines for the Navy’s DASH helicopter, and
in seven weeks of around-the-clock running, Boe-
ing’s turbine-driven compressors successfully com-
pleted tough Air Force 500-hour, 5,000 start-stop
endurance tests.

D. ]J. Euler, former director of planning, was
named Vice President—General Manager of the
Industrial Products Division early in 1961, and
Vincent Moore, former chief of design of the Hamil-
ton-Standard Division of United Aircraft Corpora-
tion, was later named chief engineer of the division.

CESSNA AIRCRAFT COMPANY

Cessna Aircraft Company kicked off its new sales
year in the fall of 1961 with the introduction of its
“50th Anniversary Fleet,” symbolic of the half-
century of progressive change which has marked
the company’s products since Clyde Cessna modified
his first airplane in 1912.

The 1962 Anniversary Fleet is a 18-model line
which includes two new twin-engine planes—the
Skynight and the Skymaster.

The Skynight, a five-place, executive twin with
speeds up to 265 mph, features turbochargers which
give full 260-horsepower to its engines at altitudes
from sea level to 16,000 feet. Designed to fly long
distances at high altitudes, it cruises at 19,500 feet
and has a single-engine service ceiling of 17,300
feet.

The Skymaster, a revolutionary new design in
business aircraft, made its maiden flight on Feb-
ruary 28 and underwent extensive testing during
the year. First deliveries were scheduled for late
1962. The Skymaster features an engine on each
end of the fuselage and twin tail booms supporting
a common stabilizer. It combines twin-engine per-
formance and safety with the flying simplicity of a
single-engine airplane.

Other models in the 1962 commercial product
line are the 150, 172, Skyhawk, Skylark, 182, Sky-
lane, 180, Skywagon, 210, 310G and the rotary-wing
Skyhook.

Cessna invested more than twice any previous
year’s expenditure in developing the Anniversary
Fleet and offers a six-month warranty—double what
it was previously—on all models,

Cessna’s international operations grew rapidl
d}n‘ing 1961. S.ales of business, utilitygand plefsurz
airplanes outside the United States were up ap-
proximately 20 per cent, an all-time record high in
the company’s 34-year history. Deliveries included a
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record shipment of 37 single-engine Cessnas to the
company’s Australian dealers in February.

Overseas sales of military products included the
delivery of a quantity of twin-jet T-37 trainers to
Peru. The sale amounted to approximately
$3,500,000 and marked the first sale of T-37's out-
side the U.S. The airplanes were being used to
introduce all-jet pilot training to the Peruvian Air
Force.

The company also announced the formation of a
wholly-owned subsidiary, Cessna Industrial Pro-
ducts Ltd., which opened a hydraulics plant in
Glenrothes, Fife, Scotland. In June, the new sub-
sidiary started assemblying hydraulic components
from Cessna’s Industrial Products Division in
Hutchinson, Kansas, for farm machinery customers
in the United Kingdom and eventually will manu-
facture components.

Cessna also was studying the possibility of start-
ing aircraft manufacturing operations in other parts
of the world.

Delivery of 35 U-3B’s to the Air Force was made
early in the year. The U-3B is a military version of
the commercial Model 810 used for personnel and
light cargo transportation missions. A total of 160
of the earlier Model U-3A’s have been delivered to
the USAF and have logged a record utilization rate
for the Air Force.

In May, Cessna received a contract amounting
to $410,000 for the production of additional trans-
porter-ercetor containers for the Minuteman mis-
sile. The contaners house the Minuteman while it
is being transported to missile sites and lowered into
underground launching silos.

Contracts for additional T-37 twin-jet trainers
totaling approximately $5,000,000 were received
from the USAF in July. The new contracts will
extend production of the T-37 into mid-1963. The
aircraft were scheduled to go to several friendly
foreign countries under the Military Assistance
Program.

Production of the rotary-wing Skyhook got into
full swing during the year. The four-place Skyhook
is a short-haul business aircraft which will link users
to facilities, customers or operations within 250
miles of their home base.

A Cessna Skyhawk toured Russia during the fall
of 1961 as part of a special traveling exhibit spon-
sored by the U.S. Information Agency. It was ex-
hibited along with a Ford Thunderbird, a Buick
engine and large-scale models of jet airliners and
ocean-going vessels to show Russian viewers typical
means of transportation used by Americans.

production of 70 Cessna L-19 Bird Dog liaison
and observation planes for the Army was to begin
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in the spring of 1962 under a contract announced in
July. Deliveries will start in June and run through
May, 1963. The airplanes will be L-19E models,
latest in the famous Bird Dog serics. More than
3,000 of the aircraft were built between 1950 and
1959.

A Cessna T-87 visited seven European and Near
East countries during a demonstration tour last
summer. It was on display at the Paris Air Show
in early June and then embarked on an 8,000-mile
tour through Denmark, Spain, Germany, Greece,
Italy and Turkey. Training and defense capabil-
ities of the T-87 were demonstrated to 161 key air
staff and training commanders in the various coun-
tries.

Two senior vice-presidents were elected by
Cessna's board of directors on September 20. They
are Frank A. Boettger, former vice-president and
treasurer, and Delbert L. Roskam, former vice-
president of aircraft divisions.

CONTINENTAL AVIATION AND
ENGINEERING CORPORATION

Throughout 1961, two J69 engine models con-

tinued in production at Continental: the J69-T-25
for the Cessna T-37B twin-jet trainer and the J69-T-
29 for the Q-2C, Ryan’s latest “Firebee” model. The
production Division also expanded its program of
subcontracting activities compatible to its capability
and avaliable capacity for close tolerance, multi-
operation machinihg of highly refined precision
parts for industry.
. The J69 again proved itself to be an important
item in American powerplant inventory. At the
end of 1961, 1,300,000 engine operating hours had
been logged in the USAF Primary Jet Training
Program. This was exclusive of pI‘OdUCtiO“, re-
search, overhaul and airplane flight test operations
which, coupled with the “Firebee” target drone
program, would extend total J69Y operation hours
over the 1,500,000 hour mark.

Research and development programs in turbine
powerplants and their application were continued
and many advanced models growing out of the J69
Program were further developed with industrial ap-
pllcations in mind. These included aircraft turbo-
Jets of 1400 anq 2400 pounds thrust, turbofan en-
gmes of 2600 and 4000 pounds thrust, a target mis-
sile turbojet of 2550 pounds thrust, altitude thrust
augmentation devices for existing turbojets, and the
_]()9-T-35 air pump for b()undary layer control on
large transport aircraft. In addition to gas turbine
€ngine powerplant system technology, Continental
snmultane()usly continued advancing the act of the
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contract to Thiokol. Also in production during
1961 were first-stage Minuteman cases and first-
and second-stage Pershing cases. The division was
also producing rotating nozzles for the Polaris.

Work continued on the Rotating Combustion
Engine at the Wright Aeronautical Division. Orig-
inally announced in November, 1959, the engine
was developed jointly by Curtiss-Wright and NSU
Werke of West Germany. An entirely new type
internal combustion engine, it has only two major
moving parts and offers an excellent weight to
horsepower ratio. Several versions of the engine,
suitable for both aircraft and industrial uses, were
intensively tested during the past year.

Development and advanced engineering work
continued at the division on a family of pre-pack-
aged throttleable liquid rockets, ram jets, super-
sonic turbojets, turbofan and dual cycle engines
which are projected for future aircraft develop-
ments. Production was also continued on versions
of the Curtiss-Wright turbojet engines which power
many first-line Navy carrier-based aircraft.

Turbo Compound engines manufactured by the
Division continued to carry a large portion of com-
mercial air travel on both domestic and overseas
routes. The engine also continued In use on current
long-range military patrol aircraft.

More than $16,000,000 in new contracts was re-
ceived during 1961 for the “Cyclone 9” engine to
power rescue and Anti-Submarine Warfare aircraft
for the military services. The engine was also in
production for commercial use in Sikorsky heli-
copters.

The “Cyclone 9" is an excellent example of one
engine’s ability to benefit from technology'. First
put in production in 1930, the “Cyclone 9” in l961
was rated at 1625 horsepower—almost three times
the rating of the original engine. Both the 19?;0
and 1961 versions of the engine have the same dis-
placement of 1823 cubic inches.

Late in 1961, a new name appeared in the Curtiss-
Wright divisional listing. Curtiss—one of the old'es't
names in aviation—was given to the Propelle.r Divi-
sion, the oldest propeller manufacturer in the
industry,

The Curtiss Division, Caldwell, N.J., during 1961
developed and announced a new glass fiber VITOL/
STOL propeller. The new feather-weight propeller
was ground and flight tested for more than 1,000
hours and has passed every standard test for strength
and aerodynamic efficiency.

The VTOL type aircraft, announced by the divi-
sion in April of 1960, which utilizes new radial
lift-type propellers to lift the airplane vertically
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and provide the horizontal thrust for flight, was
extensively tested and development work continued.

The Curtiss Division continued the development
of mechanical controls and actuation systems for
aircraft and missile use. A “power hinge” a me-
chanical system which will be used for raising and
lowering wing tips of the huge B-70 supersonic
nuclear bomber, was put into production during
1961. A rotor fold actuating system for hclicopter
blades was developed and was being built under
contract from The Boeing Company. The system,
built into the rotor hub, is a light-weight compact
device which drives the rotor to the fold position.

Under contract from the Army, an actuation sus-
pension system for artillery pieces was developed.
This system, called Cannon Jacking Actuator, was
developed for the light-weight 105 millimeter field
p'lece. Another off-shoot of the mechanical actua-
tion system is the breech actuator developed by the
Curtiss Division for the U.S. Army’s atomic cannon.

Production was started and advanced develop-
ment continued on the variable exhaust nozzle con-
trol systems which are used in the Air Force super-
sonic T-38 Talon jet trainers. This device is an
all-mechanical power unit and actuation system
.Which affects a precise change in the area of the
Jet exhaust opening.

The Electronics Division, East Paterson, N.J.,
during 1961 continued its expansion program by
'taking three new steps to supplement and broaden
lt.s.electronic development and production capa-
bilities. The assets and product lines of the Abrams
Ins.trument Corporation, Lansing, Mich., were ac-
quired. The Electronics Fittings Corporation of
Bethe], Conn., and Advanced Miniaturized Elec-
tronics, Inc. of Needham, Mass., were established
as subsidiaries. The division also built a new 20,000
Square foot facility at Albuquerque, N.M., to house
the Intermountain Branch. These acquisitions in-
creased the division’s capabilities in the area of
COIT'lponents including high quality circuit boards,
radio frequency connectors, miniaturized digital
modules and soljd state elements.

Many of these components have aerospace appli-
cations. For example, Curtac cONNEcCtors, manu-
factured by the Electronic Fittings Corporation,
have an extremely high degree of reliability for
rocket and missjle applications. Miniaturized digi-
Fal modules manufactured by Advanced Miniatur-
ized Electronics, Inc., offers unusual characteristics
in the method of incapsulating circuits and welding
techniques which increase the reliability of these
eomponents. The Abrams Instrument Corporation
llS.tS.among their products count limiters whose
mimature size an extremely light weight make
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them particularly suitable for aerospace applica-
tions.

In addition to broadening the research capabili-
ties in the over-all electronic field, the Electronics
Division continued its work in simulation, ground
support equipment and training devices for the
military services. During 1961, the Six Target
Radar Simulator was announced and delivered to
the Federal Aviation Agency and at year-end was in
use at major FAA centers. Additional units were
in production at the East Paterson plant of the
Division for the FAA. It was expected that all
major air control centers will have them in the near
future. The Six Target Radar Simulator was also
being evaluated by the Swedish Air Force Board
for air traffic control and training. The new device
provides air controller trainers with realistic prac-
tice for moving aircraft in and out of holding pat-
terns and shows the trainee how to handle actual
problems he will face on the job.

Development of the Photran Land Mass Sit_nu-
lator, designed to train radar operators in naviga-
tional bombings and tactical missions, also con-
tinued under Navy and Air Force development
contracts. Photran provides the realistic image of
any land mass, 400 miles by 600 miles, through the
use of a unique photographic transparency map
that reproduces exactly the radar reflectivity of the
selected area. Through the use of Photran, radar
Operators‘can be trained to recognize any target
in the world from altitudes which range from tree-
top heights to the maximum capability of current
aircraft.

Aircraft simulators for both American and Euro-
pean military aircraft continued in production‘ d‘ur-
ing 1961 by the Electronics Division. Crew traming
simulators and other electronic training devices
continued in production under a variety of con-
tracts. The Electronics Division continued devel-
opment of “C-Band” Meteorological radm:, a high-
powered precision land-based radar designed to
detect and analyze weather phenomena. The dis-
tinguishing feature of this special purpose¢ meteor-
ological radar is its ability to penetrate clouds, n
this way, gathering more accurate data than can
now be obtained with standard radar units.

During 1961, the Marquette Division, Clevelzhld,
Ohio, put the Swench manual impact wrench into
mass production. Used to loosen the most stubborn
frozen nuts or for precision tightening, the Sw.en'ch
is an impact, hand-operated wrench that lllllliil})lles
torque applied to the handle more than ffteen
times and delivers it as torsional impact each time
the handle is advanced 30 degrees. The Swench
has wide applications in many industries for ma-
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chining nuts that previously had to be burned or
sledged off. Production of aircraft windshield
wipers continued at the division.

Stressing production in the nuclear field, the
Princeton Division, Princeton, N.J., increased its
nuclear system department to further specializé in
the design and, manufacture of rod control sys-
tems for nuclear reactors. The division was the
major supplier of such controls for nuclear sub-
marines. The ultrasonic testing equipment of the
Division has been used extensively during 1961 at
Cape Canaveral and the other launch sites to test
launching pads for structural flaws prior to and
after blast off of a missile.

The Radiographic “Puff” Camera was used both
on Commander Shepard’s and Captain Grissom’s
historic space flights to check the solid-fuel in the
rocket engines of their re-entry vehicles. The divi-
sion also reported that DetectoTemp paint, a tem-
perature indicating color-changing paint, was being
used in many metallurgical research and develop-
ment projects throughout the aerospace industry.
DetectoTemp paint was being used on the X-l:';;
during its supersonic flights, the paint changes color
at a pre-determined heat and allows the engineers
to note at what temperature structural changes
occur.

The Princeton Division was also producing broad
lines of isotopic controls and testing equipment
utilizing ultrasonic non-destructive devices.

During 1961, the Metals Processing Division,
Buffalo, N.Y., under contract to American Machine
and Foundry Company, extruded and delivered
132 missile launch guide rail assemblies. “I"” beams
ranging from 7 to 54 feet were extruded by a
12,000-ton horizontal extrusion press—the world’s
largest—in a matter of seconds. The rails are used
for the launching of Air Force “Atlas” and “Titan”
long-range missiles from underground silos.

Under contract, special alloy steels were extruded
into 40 foot long “T” sections which were roll-
formed and butt welded into structural members
for the Navy’s newest type nuclear powered Polaris
submarines. The division also continued produc-
tion of high-quality jet engine turbine blades, rotary
forgings and castings for aerospace applications.

During 1961, the Research Division, Quehanna,
Pa., continued as a major producer of beryllium
oxide components for nuclear applications. The
division also developed a method of incasing fuel
elements for nuclear reactors. The new method is
basically the ability to bond a container of superior

strengtlt which results in greater efficiency and
longer life of the fuel.
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DOUGLAS AIRCRAFT COMPANY, INC.

A major organization realignment; prominent
roles in the nation’s missile and space programs,
and continued large scale production and research
in the aircraft field, were among significant devel-
opments during 1961 at the Douglas Aircraft Com-
pany.

Two product-oriented divisions were created: one
for missiles and space, and the other for production
of future and existing aircratt. C. R. Able was ap-
pointed vice president-general manager of the Mis-
sile and Space Systems Division, and Jackson R.
McGowen, vice president-general manager of the
Aircraft Division.

MISSILE AND SPACE SYSTEMS DIVISION

Noteworthy developments included the 100th suc-
cessful firing of the Douglas built Thor rocket,
which continued as one of the nation’s most reliable
space vehicles. The milestone success was achieved
in a total of 129 launches, with 13 more of that total
considered as partial successes.

During 1961, the USAF Thor boosted 17 instru-
mented payloads into orbit. This record led to ad-
ditional purchases of Thor rockets and Douglas
Thor-Delta vehicles by the Air Force and NASA.

Future space assignments for Thor included the
Nimbus weather satellites, polar orbiting geophysi-
cal observatory satellites, rigidized Echo passive
communications satellites and additional Discoverer
and Transit payloads.

The Delta vehicle, for which Douglas was prime
contractor to NASA, orbited the Tiros 111 and Ex-
plorer X and XII research satellites during 1961.
Future assignments for Delta included additional
Tiros satellites, the S-6 atmospheric structure satel-
lite, several orbiting solar observatories, and addi-
tional S-3 energetic particles satellite, the joint
British-American S-51K ionosphere satellite and
active communications satellites.

Development continued at Douglas on the S-1V
stage of NASA’s Saturn vehicle. The top stage of
the Saturn will provide the final surge of power for
the Apollo spacecraft, carrying astronauts on orbital
and lunar flights.

Modification and construction of facilities for the
S5-IV manufacturing and test program were com-
pleted in 1961, tooling was developed, fabrication
f)f components .begun, and the liquid hydrogen test-
Ing program, including cold flow testing, moved
along on ‘schedule. First flight of the S-IV stage,
atop th.e 5-1 booster, was scheduled for 1963.

Studies of advanced design nuclear-powered vehi-
cles for space exploration continued apace. The
Douglas concept envisions a one-stage reuseable ve-
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hi.cle., permitting costs to be amortized over many
missions.

The RITA vehicle (meaning reuseable interplane-
ta.ry tr.zmsport approach) would be Capable of round
trip fhgl‘lts to the moon and to the nearest planets
at any tume of the year. Subjects of other “man-in-
s!)ace" studies at Douglas included rocket structures,
llf? support systems, nuclear propulsion, radiation
shielding, electronic systems and fuels.

‘The year also saw the first in a series of drop tests
of t.he‘ Air Force’s Douglas Skybolt air launched
billllstl.c missile, at the Air Proving Ground Center
at Eglm AFB. These tests followed compatibility
studies of the ALBM with B-52 bombers from S\C
and Vulcan bombers from the RAF.

Development and testing of the Army's Nike
Zeus, the Or.11y anti-missile missile system under de-
velopment in the free world, was expanded during
the year. Test firings were begun at Pt. Mugu, Cali-
;0”113, in a‘ddition to those under way at the White
wiﬁdlsexlstzlfeignge. The Pt Mugu series of firings

The A ing of the'lee Zeus third stage.
Zeus agai;r;ltyI‘(\’:Zgh})repan’ng for full sgale tests of
Sites 2t Kuonin s S. Bml'dup of the Leus_launch

wajalein Island in the South Pacific was
well advanced,
buIi)lrtO:rlxlilscstillz: 31050 continued on three o_ther I?ou glas-
vides the Air' Fone wa_s the MB-1 Genie wh1ch_ pro-
nuclear air-to-airrce Alr_I_)efense Command with a
delivered in qun c.apablllty and has alreaFly been
cules ground-(io_'l?%lty' Anot.he.r was t.he Nike Her-
Huclens capabiliin Army m1551l§, which a%so ha§ a
Ajax rockets SY and_wa.s rapidly replac1r.1g Nike
and importan: dtl.tES _rmgmg n:mny strategic areas
ing the vear 1 1es in the U.S. and al-)road. Dur-
m;gssiles yﬁred afI:nCh tests_were begun with Hercules

The third Wasotr;l mobile battlefield transporters.
ground-to-grogm e Honest \]o_hn, depe.ndable Army
deployed in n 'rocke_t which continued to be

quantity with Army ground forces.

AIRCRAFT DIVISION

owlr)llel(ri“;)goiltliz year Douglas acquired the Air Force-
plant at Lon " of the Douglas Aircraft Division
$14.370 344 t% Eac}}, California. Contracts for the

09 1Y, ansaction were signed with the GSA,
acting for the government. The Long Beach facility

is th :
is the home o.f the DC-8 Jetliner, and the headquar-
ters for the Aircraft Division

The major aj
Jor aircraft production program centered

(():n tl,]f 2)(13)8 ‘]etlirTer, including the Series 50 DC-8.
ertified by FAA in May of this year, the Series 50

model is powered by four Pratt and Whitney JT-3D
powerful turbofan engines. -

An unoflicial distance record for commercial jets
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Earlier in the year the Navy's Special Devices
Center awarded the division a contract to develop
a helicopter flight simulator, expanding its capa-
bilities into a new area of growth.

Development of the classified, multipurpose elec-
tronic systems for the USD-5 weapon system con-
tinued to receive attention. A major portion of the
division’s responsibility involved subsystem com-
patibility and the development of interconnecting
elements.

During 1961 the division completed a modifica-
tion program on SPQ-2 radar for ship-board track-
ing of missiles. In addition, it proceeded on a
variety of training systems covering bombing and
navigation, countermeasurers, visual night landing
and fire control.

STRATOS DIVISION

Advanced development programs continued to
highlight the Bayshore, N. Y. division’s activities.
These programs included systems and equipment
for environmental application, high and low pres-
sure pneumatics, ground support, cryogenics, elec-
tronic and other equipment cooling, auxiliary
power, transmissions, servos and regulators.

Among important contract awards was one for
emergency air turbine motors for the F-106 inter-
ceptor, to be installed under a retrofit program.
Work continued on contracts with Douglas, Culver
City, and Douglas, Tulsa, for units to be used with
the Skybolt missile.

Considerable progress also was made in the
application of gas lubricated bearings subsequent
to the acquisition in June of Tribo-Netics Labora-
tories, Inc. The acquisition included 37 patents.

AIRCRAFT SERVICE DIVISION

Located in St. Augustine, Florida, the division
announced the renewal of all four of its Air Force
and Navy aircraft overhaul and modification pro-
grams. These contracts called for IRAN (inspec-
tion, replacement as needed) and corrosion control
work, including component overhaul of C-119 Fly-
ing Boxcars and C-128 Assault Transports. Navy
contracts included overhaul of R4Y and R6D
aircraft.

The facilities of the division were expanded
during 1961 and aggressive efforts were launched to
obtain foreign business, component overhaul work
and to diversity into manufacturing of parts to
support the growing aerospace industry of Florida.

The division showed its capability dramatically
on Operation “Hot Hand”, a project involving
modification of a C-119 Flying Boxcar to a con-
figuration enabling the aircraft to successfully re-
cover missile reentry vehicles in mid-flight. The
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aircraft was strengthened, equipped for long range
flying, equipped with special navigation and elec-
tronic flight equipment and had installed the special
gear required to make an aerial “catch.”

FORD MOTOR COMPANY
AERONUTRONIC DIVISION

In its fifth anniversary year of 1961, Ford Motor
Company’s Aeronutronic Division of Newport
Beach, California, continued the phenomenal
growth which characterized its existence since it
was founded in 1956,

From a handful of people five years earlier,
Aeronutronic at year’s end had more than 3,000
employees, and was well on the way to its goal of a
research and development staff which will consist
of more than 5,000 engineers, scientists, manage-
ment, manufacturing and support personnel by the
end of 1962,

The Aeronutronic organization is made up of
sreveral major components—Space Systems Opera-
thn.S, Tactical Systems Operations, Electronics Op-
erations, Special Programs Operations, Research
Laboratorres, and Manufacturing Operations, plus
a supporting Technical Staff and Administrative
Staff.

Under contract to the National Aeronautics and
Space Admi'nistration’s Jet Propulsion Laboratory,
Aeronutronlc was deveioping a 300 pound lunar
capsuh‘a which will be landed on the surface of the
moon in 1962, after travelling its 240,000 mile jour-
ney aboard the Jpi, “Ranger” spacecraft.

As NASA _ﬁred Rangers I and II from Cape Ca-
naveral, engineers at Aeronutronic continued at a
steady pace in Preparing the payload package for
the Ranger ‘III, IV, and V for l1aunches during 1962.
Aeronlutrom_c designed and was building the lunar
E;Ii{),s;lvcjsarwlvdln\c/n Will be carried aboard the Ranger
Ca?;éf:;ﬁi?:cl:o;vfs th:t;rn integrator amd1 pazload
solid fuel rocket ro 't Force on the u'e o for
conduct of laUnI})l gram,-and was responsible for

During the G(Z:I Opera.tlons at Cape Canaveral,
were fired by /zer(r)’ . Serlffs of plue S_COU'? i,

Nutronic and the Air Force Ca-

Ea:/lii: Launcheq during 1961 were several con-
g 1ons of the multi-stage Air Force rocket—the
Blue Sc

out Junior, Blye Scout 1 and Blue Scout II.
The problems of manned

studied by scientjsts at Aeron
under a contract awarded by
tems Division of the USAF §
Ford-Aeronutronic scientists
sible space structures which

space flight were
utronic. Working
the Aeronautical Sys-
ystems Command, the
were investigating pos-
could form a multi-unit
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space vehicle and be adapted in flight to a variety of
tasks. The Aeronutronic investigation was focused
on three structures for “space train” cars—pressure-
stabilized membrane structures, rigid-panel inflat-
able structures or “space shingles,” and telescoping
structures.

Another major area of activity in Aeronutronic
Space Systems Operations was the continued de-
velopment and testing of decoys in support of the
Air Force ICBM program. Details of this program
are classified.

In Aeronutronic’s Tactical Systems Operations,
the still-secret Shillelagh guided missile was under
development for the Army. The Shillelagh 1s a new
surface-to-surface guided missile being developed for
close-in support of front-line troops which will
greatly increase fire power against armor as well as
troops and field fortifications. Vehicle mounting is
one application of the Shillelagh system. Like its
Irish namesake, the Shillelagh missile system will
combine simplicity of operation, reliability and le-
thality. The extreme accuracy of this small guided
missile will provide a first round kill probability
against stationary or moving targets. The Shil-
lelagh's minimum maintenance and high effective-
ness will result in a low-cost-per-tank kill at ranges
far exceeding those of historical anti-tank warfare.
In the development stage, the Shillelagh is expected
to be operational in the mid-1960s.

An artificial MIND unit which duplicates por-
tions of the human nervous system as part of Aero-
nutronic’s self organizing machine research work
was but one small phase of important activity
carried out in the Division’s Research Laboratories.

The “Battlefield Command Post of the Future,”
a mobile electronic command post known as
ARTOC (Army Tactical Operations Central), was
rapidly taking shape for the U.S. Army Signal
Corps at Aeronutronic. ARTOC will provide the
Army Field Commander an easily assimilated dis-
play representation of the rapidly changing tactical
situation. A radically new concept in battlefield
control, ARTOC utilizes highly advanced systems of
communication, data processing and display tech-
niques and controls an area of 500,000 square miles.

Air Cushion vehicles which can travel five fect
above the surface of the ground at 80 miles an hour
were under study by another group of engineers.
These vehicles, riding on a cushion of air, can
potentially replace most existing wheeled and
tracked vehicles in those instances where off-road
and amphibious mobility is of prime importance.
They could transport men and equipment equally
well over dry land, water, mud, swamp, sand or
SNOW.

THE INDUSTRY

BIAX computer elements so small you can hold
5,000 in the palm of your hand were another
product at Aeronutronic. This tiny ferrite com-
puter element is capable of storing information and
supplying it to a computer on demand within a
ten-millionth of a second. BIAX devices can be
incorporated into many types of memory units—
from small storage equipment to large “working”
memory complexes.

During 1961, Aeronutronic personnel occupied
the last of 10 buildings in the Engineering and Re-
search Center located on a 200 acre site overlooking
the Pacific Ocean. The modern research facility
contains nearly 1,000,000 square feet of covered
area.

Additional facilities in southern California in-

cluded 90,000 square feet of office, shop and labora-
tory space in Santa Ana, and a special test firing
range located on a 25 acre site at El Toro. Both are
near Newport Beach,
‘ In the spring of 1961, Aeronutronic established a
fleld test office at the White Sands Proving Ground
in New Mexico to support a classified Army missile
program. Work at White Sands was being done by
Aeronutronic in connection with the Army Rocket
and Guided Missile Agency (ARGMA).

Aeronutronic also had a facility at Cape Cana-
veral, Fla., and maintained offices in Boston, Mass.:
Red Bank, N.J.; Dayton, O; Washington, D.C.;
Huntsville, Ala.; and Los Angeles, Calif.

Although Aeronutronic in 1961 was active in re-
search and development, the division was establish-
ing a manufacturing capability for production of
reliable end-products and advanced systems.

THE GARRETT CORPORATION

Garrett’s 25th year comprised another new era
of progress in research, development and manufac-
ture of both commercial, military and space com-
ponents and systems.

The organization at year-end was composed of
seven divisions and two subsidiaries employing ap-
proximately 9,500 people in operations which
spanned the world. The company was the leading
manufacturer of environmental control systems fc;r
aircraft, missiles and spacecraft. From the w
Boeing B-29, first production

artime
: ‘ aircraft ever pres-
surized, to Project Mercury’s Space capsule, Gar-
rett’s pressurization and air ‘

conditioning equip-
ment, or related products, hav

. . . e been a part of every
manned, high altitude vehicle of flight built in the
United States.

In addition to its primary role in
space, The Garrett Corporation o
ber of other important fields

aeronautics and
perated in a num-
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The success of Garrett’s life support system in
sustaining the astronauts aboard Project Mercury’s
first flights brought additional orders for the system.
Garrett was also called upon by McDonnell Aircraft
Company, the prime contractor, to supply further
equipment related to astronaut survival, namely,
an automatic blood pressure measuring system.

Garrett was invited to participate in a feasibility
study for a similar life support system—the three-
man Apollo capsule being readied for a two-week
trip to the moon and back to earth.

Garrett was well into g three-year study of envi-
ronmental contro] systems for future space vehicles
under contract from North American Aviation for
the Air Force.

So.on after the first Mercury shoot, Garrett was in
receipt of a new contract from Boeing Airplane

ComPany to develop a hydrogen cooling system for
the Air Force’s Dyna-Soar.

While Garrett’s environmental control systems
have been traditionally associated with human sur-
vival, the need for controlling temperature within
unmanned space satellites has become equally im-
portant. Garrett in 1961 received a contract in this
field from RCA for such a vehicle, crammed full of
electronic products which must operate under spe-
cific temperatures in order to function. An AiRe-
search space radiator, among other heat transfer
equipment, is a feature of this project.

Garrett’s AiResearch Manufacturing Division in
Phoenix was well into the Air Force’s SPUR project,
largest space power system now funded and under
development in the U.S. Garrett is prime contractor
and systems manager for SPUR, which will be a
nuclear power station in space. Based on a number
of technical break-throughs in the art of handling
hot, corrosive atomically generated temperatures,
SPUR was expected to be ready for moon shots and
other space probes by the late 1960’s.

Solar power for use in space was the object of
another important Garrett project continuing at
AiResearch, Phoenix, under an Air Force contract,
The order called for first test of a space hoiler and
heat storage unit actually using the sun as a heat
source. The energy thus stored would be used in
a space vehicle when orbiting in the earth’s sunless
shadow.

Other space and missile programs in which Gar-
rett participated on a contractual basis during 1961
included: Atlas, Discoverer, Green Quail, Hawk,
Hound Dog, Jupiter, Mace, Mauler, Minuteman,
Nike Hercules, Nike Zeus, Pershing, Polaris, Red-
stone, Saturn, Sergeant, Sky Bolt, Space Plane,
Subroc, Titan and the X-15,
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The nation’s airlines continued to be the biggest
commercial users of AiResearch’s gas turbines, for
ground support of their planes—air conditioning,
engine starting, etc. However, a new trend was
developing among aircraft manufacturers, airlines
and corporate aircraft owners to carry the gas tur-
bine engine aboard to make a plane self-sustaining
wherever it goes. A number of these installations
were made during the year and others were on order
in increasing numbers.

Further commercial possibilities were seen in a
number of other products developed during the
year. An ingenious portable source of breathable
air—the AiResearch “back pack”—applied to a pres-
surized suit, makes the wearer independent of out-
side atmosphere. Built for future use in space, it
was sold commercially for the more immediate func-
tion of protecting a man working under toxic condi-
tions of fumes and smoke.

A revolutionary automatic blood pressure meas-
uring system, developed [or Project Mercury capsule
flights to telemeter an astronaut’s blood pressure
while in space, has definite commercial possibilities,
according to medical authorities. Hospitals, thev
believe, would find many vital uses for such a
machine to provide automatic reports on patients
requiring continuous or periodic blood pressure
tests.

A unique, high speed dental drill developed in
Phoenix was delivered to the Air Force. It is the
highest speed air-bearing handpiece ever built for
dentistry. It operates quietly and requires little
maintenance. Because it requires almost no pres-
sure, and reduces contact time by 75 per cent, dis-
comfort for dental patients is greatly lessened.

The coming year holds many expectations of
other products adaptable to the commercial market
to add to Garrett’s traditional diversification of
interests.

Participation in the Lockheed F-104 Starfighter
program saw Garrett completing contracts with six
foreign countries and the U.S. for installation of
f\iResearch products and systems on this advanced
Jet all weather fighter.

The AiResearch central air data computing
e.(l}lipment for the F-104 is one of the most scien-
tfically accurate and ingenious systems yet devised
for aircraf. ¢ literally “thinks” for the pilot,
readily giving him simple answers to otherwise com-
P!CX Problems of the mathematics of supersonic
flight in push-button style. In addition to environ-
mental and air data systems, and depending upon
[hff particular specifications of individual customers,
f)thcr Garrett equipment which is part of the F-104
includes starters, actuators, heat exchangers, ground
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support units and related components to amplify
the program.

Nations actively involved in acquiring the F-104
include Germany, Canada, Japan, the Netherlands,
Belgium, Italy and the U.S.

The success of such turbine aircraft as the Boeing
707, the Douglas DC-8, the Convair 880 and the
Lockheed Electra spurred the development of sev-
eral new passenger transports to fit various new
requirements. Different in design from its predeces-
sors is the Boeing 727, a three-engine transport,
designed for short haul airline routes. This plane
will be fully air conditioned and pressurized by
Garrett, and depending upon the requirements of
the individual airlines, will contain a number of
other Garrett components. One particularly inter-
esting feature being used in the Eastern Airlines
version of this aircraft is an auxiliary gas turbine
engine, installed within the fuselage to make the
plane entirely independent of supporting ground
power for lighting, starting, and other essential sup-
port services. Versions of Sud Aviation’s newest
Caravelle VII model also contain the on-board gas
turbines as well as a full complement of Garrett
environmental controls and other components.

Other new transport aircraft developed since last
year include the Boeing 720, fully pressurized and
air conditioned by Garrett, and the Convair 990
which carries Garrett equipment in this and other
areas.

Air Cruisers, the majority of whose sales con-
tinued to be in the air transport industry, enjoyed
a pronounced increase of pnrticipation in military
business.

Military contracts for approximately 7,000 life
vests and 500 protective fuel handlers’ suits, the
latter a new product line, were received in addition
to research and development contracts from gov-
ernment sources which encompassed such products
as inflatable Arctic shelters, air aspirated military
rafts and raft sleeping bags. o

Emergency flotation systems for B-58 crew e]ect}on
capsules and inflated air springs for the protection
of Polaris missiles in transit were other interesting
products being sold by Air Cruisers.

Sale of the air aspirated life raft reached .a top
position during the year and Air C}ruisers’.mrcm'ft
escape slide attained new highs in popularity. Ailr
Cruisers in 1961 counted every U.S. airline operator
utilizing these types of equipment as a customer.

International sales grew by 63 per cent over 19.6().
Despite a slight tapering oft of commercial. airline

business in foreign countries, a compensating up-
turn in sales to Garrett licensees, airframe manu-
facturers and Government agencies overseas was

THE INDUSTRY

evident. The F-104 program in NATO countries
was creating a substantial backlog which will be
reflected in 1962 sales.

Activities abroad, which included solidification
of operations of jointly owned companies in Europe
and Japan for the manufacture, sale and overhaul
of Garrett equipment abroad, were proceeding as
planned, and additional exploratory inroads were
being made in Latin America.

Garrett took a prominent part in the interna-
tionally important Paris Air Show with a striking
display of its products and heightened interest by
aeronautical and industrial leaders in attendance
from all over the world.

Garrett Manufacturing, Limited of Canada re-
ported quite significant increases in backlog during
fiscal 1961, requiring enlargement of facilities to
double the space available at the beginning of the
year.

Expansion also was apparent in the development
of new support activities with the addition of repair
and overhaul facilities and increased manufacture
of ground support and test equipment.

Working under the Canada-U.S. defense sharing
agreement, Garrett Manufacturing, Limited began
to sell a substantial amount of products into the
United States and expected to continue to expand
in this area.

One of the largest wire and cable companies—
Anaconda—was the newest principal to be repre-
sented by the Air Supply-Aero Engineering Divi-
sion. The latter was applying its nationwide sales
and engineering facilities to make Anaconda’s wide
capabilities directly available to the space, missile,
aircraft and electronic industries.

Other new principals added to the Air Supply-
Aero Engineering clientele during the year included
the Raymond Atchley Division of the- American
Brake Shoe Company, and the Potentiometer Divi-
sion of Calbest Electronics Company.

AiResearch Aviation Service Division continued
to be one of the busier locations at Los Angeles
International Airport. It handled daily arrivals and
departures of scores of business, military and private
aircraft, as well as unscheduled airliners.

Engaged in modification and maintenance for
this category of planes the division continued to
retain a commanding position in the adaptation of
new Grumman Gulfstream turboprop aircraft for
business use. In spite of considerable competition,
it modified and completed more Gulfstreams than
any other agency. AISO, fOllOWing a preparatory
planning program, the division expected to handle
the majority of the first deliveries of certificated
Lockheed Jet Stars for business use.

97



An additional contract for conversion of five Con-
vair planes from piston to turbine power utilizing
Napier Eland engines was received, and airline
servicing work continued to grow, particularly with
jet transport aircraft.

GENERAL ELECTRIC COMPANY
FLIGHT PROPULSION DIVISION
FLIGHT PROPULSION LABORATORY DEPARTMENT

The Flight Propulsion Laboratory Department is
responsible for flight and space research, and the
development of advanced components and propul-
sion systems.

In November, 1961, the department received a
$6,900,000 initial contract to conduct a VTOL
flight research program. The Army’s Transporta-
tion Research Command made the award. Ryan
Aeronautical Company will design and build the
fan-in-wing aircraft in its capacity as major sub-
contractor to General Electric. First flight was
targeted for May, 1963.

The Company’s X353-5 lift fan propulsion system
completed full-scale wind tunnel testing at NASA’s
Ames Research Center, Moffet Field, California,
with both the fan-in-fuselage and fan-in-wing con-
figurations. The diverter valve, which directs en-
gine exhaust either to the lift fan for vertical flight,
or through the jet nozzle for forward flight, was
developed under Air Force contract.

Research and development work in electrical pro-
pulsion and power generating systems that began in
1957 continued during 1961. The XT-761, a 30-
kilowatt a-c arc jet engine producing one-half
pound of thrust was test-demonstrated, and mission
studies were begun under NASA contract.

The plasma accelerator and ion engine were two
other types of electrical space engines under de-
velopment. A computer program was developed
that can evaluate a new ion engine configuration
quickly and effectively. With this program, direct
interception of the ion beam with the electrodes has
been virtually eliminated; thus engine life and
efficiency are improved.

A 50-kw alkali metal test facility was placed in
operation, and construction was begun on a 100-kw
and a 300-kw unit. Temperature capabilities of
these units range from 1600 to 2200 F.

Another NASA contract received during 1961
called for demonstration of a potassium vapor tur-
bine applicable to large space power systems. Two
stages of a 500-kw turbine will be designed, built,
and tested for more than 2000 hours in wet po-
tassium vapor.

98

Also, in 1961, contracts totaling $9,000,000 were
received {from Thiokol Chemical Corporation for
continued production of solid rocket cases for the
Minuteman missile. These contracts extend through
1962, and also include advanced case development
work.

Fundamental investigations of aerodynamics,
combustion, thermodynamics, mechanics, metal-
lurgy, chemistry and physics were also carried on by
the department. To help further this work, a
hydrogen facility for fuel and combustion research
was installed, and a vapor phase deposition facility
for high temperature material research was designed
and built,

LARGE JET ENGINE DEPARTMENT

General Electric’s ‘]93 turbojet engine, advanced
powerplant for the trisonic B-70, successfully com-
pleted an unofficial PFRT endurance run in mid-
1961, and the company’s J79 turbojet engine, which
passed its 200,000th flight hour in September, con-
tinued powering Mach 2 aircraft to new flight
records.

In a 90-hour endurance test, the J93 engine ran
for nearly 22 hours at a Mach 3 power setting, while
being subjected to the same inlet conditions it
would encounter at a speed of 2000 mph, and alti-
tude of 65,000 feet. These conditions were simu-
lated in a multi-million dollar ram-test facility, built
last year at G. E.’s Evendale plant. The official
PFRT schedule requires 18 hours of Mach 3 run-
ning, 50 hours of static sea level testing, and alti-
tude performance demonstrations at the Arnold

Engineering Development Center, Tullahoma,
Tennessee,

Most of the J79 engine’s 200,000 hours of flight
were logged by the Lockheed F-104, General Dy-
namics’ B-58, McDonnell F4H and North American
A3]. ‘Together, these Mach 2 aircraft established 19
world class records, Significantly, only nine of the
more than §Q records recognized by Federation
Aeronautique Internationale are at speeds greater
tl.lan 1000 miles per hour—and the ]J79 powered
eight of them. The ninth was also held by the U.S.

Four J79 engines powered the B-58 Hustler to six
world speed ang payload records early in 1961.
Later, t_he Air Force bomber accomplished what no
other aircraft haq ever done: it maintained an aver-
age speed of over 1300 miles-per-hour for more than
30 minutes. The Hustler also streaked from New
York to Paris in , record time of 3 hours and 20

minutes—one-tenth the time taken by the “Spirit of
St. Louis” in 1997
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mander Jet 1121, Piaggio-Douglas DP-808 and the
Swiss-American SAAC-23 executive jets.

COMMERCIAL ENGINE OPERATION

High point of the year for the Commercial En-
gine Operation was TWA's announcement of its
purchase of twenty Caravelle 10A’s powered by GE
aft-turbofan engines. This transaction was signifi-
cant, since it meant that TWA will be the first air-
line in the world to inaugurate short range turbo-
fan-powered service.

It also marks a new application for GE’s turbofan
engine. TWA will call its Caravelle 10A “La
Nouvelle Caravelle”,

Further confidence in General Electric powered
jets was evidenced by repeat orders for the Convair
880 from Delta, Viasa and Japan Air Lines. Cathay
Pacific also joined the list of 880 purchasers in 1961
with an order for a single airplane.

In 1961, the Convair 880 was in service over five
continents with eight airline customers. Its GE en-
gines had logged a total of more than 375,000 flight
hours by year-end. .

Time Between Overhaul continued its rapid
growth, and by December, the TBO was expected to
be at 1600 hours for Delta Air Lines and 1400 hours
for Trans World Airlines and Northeast Airlines.

The company's aft-turbofan engine will enter
service with a basic TBO of 1200 hours, as com-
pared with an original 800 hours TBO for the GE
straight turbojet. This applies to the Convair 990’s
ordered by American Airlines. '

The extended TBO was awarded on the basis of
service experience of the CJ-805 straight jet and de-
sign features of its turbofan version. Operating
characteristics of the CJ-805 gas generator are the
same, whether its exhaust flows through a reverser/
suppressor or an aft turbofan.

During 1961, the company intensified its study of
the advanced technology necessary for development
of a propulsion system for the supersonic transport.
Increased national interest in the SST is being
spearheaded by an FAA-sponsored development pro-
gram.

As a result, GE received an Air Force contract for
a conceptual study of an optimum-type SST power-
plant. Work covered in the contract is consistent
with the company-funded study programs that have
been going on for two years.

DEFENSE ELECTRONICS DIVISION
MISSILE AND SPACE VEHICLE DEPARTMENT

The Missile and Space Vehicle Department, the
General Electric Company component responsible
for research, design, development, and production of
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equipment and systems for missiles, earth satellites,
and space vehicles for civilian and military applica-
tion, continued its steady growth during 1961.

During the year, the department’s new multi-
million dollar Valley Forge Space Technology Cen-
ter neared completion, and personnel began moving
into the facility in July. One ol the largest pri-
vately-financed space research centers in the country,
the Valley Forge facility will house approximately
4,000 Department employees and will contain the
most advanced equipment and laboratories for de-
velopment of space technology.

Research, development, and production of nose
cones for ballistic missiles continued to be a major
function of the Department during the year. De-
velopment of the Mark § re-entry vehicle, the
“second generation’’ nose cone for the Atlas missile
was completed during the year. This vehicle, the
first ab_lative type ICBM re-entry vehicle to become
operational, in July 1961 established a long-distance
flight record with a flight of 9,054 miles from Cape
Canaveral to an Impact area in the Indian Ocean.

Other re-entry vehicles on which the Department
conducted work during the year included the nose
cone for the Titan I] ICBM, and the nose cone for
the Skybolt air-launch ballistic Missile.

In June, a $10 million contract was received for
developme,?t and production of ICBM target ve-
thI.CS required by the Army to test its Nike-Zeus
anti-ICBM weapons systems. These vehicles will be
de51gned to simulate g closely as possible various
combinations of re-entry vehicle threats.

Research and development of new materials for
use I space continued throughout 1961. This work
mclnded Investigation of new ablative materials for
use 1n.re-entry vehicles, and in research in metal and
ceramic technology,

Work in the area of manned space vehicle develop-

ment was accelerated daring the year, culminating
in the preparation of

) a proposal to the National
Aeronautics

and Space Administration for the
Apollo manneq Space flight program.
Muc}i effort was also devoted to the development
equipment and systems to provide electrical
POWET 1n space. Contracts were received from the
military services and NASA for research and de-
velopment in the fields of solar cell technology, fuel
cell batteries, and other devices. |
Investigative work in magnetohydrodynamic power
gENEration was also continued during the year and a
Repetively Pulseq Plasma Propulsion Engine (REP-
PAC. L11) develope(l by the Department was fired
continuously for 60 hours during one test held dur-

g t . . ) .
g the year. Department scientists believed that
was a record for thig type of device.

of
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and much fuaster airborne targets at much longer
ranges than previously possible. Its addition more
than triples the defensive capabilities of the Army’s
Nike-Hercules system against advanced manned air-
craft, air launched missiles and short range surface-
to-surface missiles.

In May, a 336,000,000 contract for production of
the UL.S. Navy's new AN/SPS-30 long range height
finding radar was awarded to General Electric's
Heavy Military Electronics Department. The long-
est range height-finding radar in quantity produc-
tion for the Navy today, the pencil-beam SPS-30 is
designed to increase the anti-air warfare capability
of the fleet and will replace General Electric-built
SPs-8 radars now in use aboard many of the Navy’s
combat ships. The first operational SPS-30's were
scheduled for delivery to the Navy in May, 1962.
They will be installed aboard modern missile
cruisers and carriers.

Undersea warfare equipments being developed
and produced by the Heavy Military Electronics
Departinent, during 1961, included the SQS-26 anti-
submarine sonar, believed to be the world’s largest
for surface ships; the UQS-1 mine detection and
location sonar; the BQN-3 depth sounder; and
many other advanced anti-submarine detection and
sonar countermeasures equipments and underwater
communication and navigation devices.

For land warfare, the Department continued pro-
duction of MPQ-4 mortar locator radars, which pin-
point the location of enemy batteries and assist in
counter-firing; and TPQ-10 Radar Course Directing
Centrals for precise control and guidance of close
support tactical aircraft. Completely air or ground
transportable in two light-weight units, the TPQ-10
consists of a precision tracking radar, and a control
central which resolves aircraflt position and manu-
ally inserted target, wind and ballistic data into air-
craft guidance and bomb release commands.

Research and development work on the new
Situation Display equipment for use with the Air
Force’s Missile Defense Alarm System (MIDAS)
neared completion. Heart of this new display equip-
ment is the unique Military Electronics Light Valve
(MELVA) Projection System. To be utilized m
MIDAS for the analysis of infra-red sensed data
being flashed back to earth from orbiting satellites,
MELVA will supply real-time, high intensity dis-
plays in multi-color on a TV-size console, or a 6x9
foot command display. Push-button controls on the
display console will permit the battle conn‘n;mder to
view individual sectors for more detailed informa-
tion. Data from multiple satellites will be dis-
played in various colors for rapid identification.
MEILVA's combination of color, high intensity pic-
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ture quality, and instantaneous time display has
never before been available for military applica-
tions. It will provide a major improvement over the
low-light levels necessary for viewing present-day
battle command displays.

To keep pace with rapidly changing customer
needs and technologies in the missile and space age,
the General FElectric Company’s Heavy Military
Electronics Department organized a Systems Opera-
tion during 1961. This new organization consoli-
dates the Company’s vast management skills and
technical know-how in surface-based surveillance
systems, undersea warfare systems and aerospace de-
fensive systems under one organization.

This new System Operation will enable the De-
partment to better meet the nation’s defense needs
by applying the systems management knowledge
and techniques developed during the past seven
years, while engaged in large scale projects such as
BMEWS and the 412L Air Weapons Control Sys-
tem, to major defense programs in the undersea
warfare, missile defense and aerospace defense sys-
tems.

In the undersea warfare systems area, extensive
work was being done on anti-submarine warfare
systems for detecting and destroying enemy sub-
marines; undersea surveillance systems, such as
Fishbowl, for keeping track of all underwater targets
in the wide expanses of ocean that cover three
fourths of the earth’s surface, and underwater com-
munication systems for transmitting information
between submerged submarines. Numerous investi-
gations were being conducted on future missile sur-
veillance systems, anti-missile system, and surface-to-
air missile systems. Likewise, the Department was
expanding its scope in the areospace defense field.
In cooperation with the Company’s Missile and
Space Vehicle Department, it was studying a ground
communications system for Project Apollo, the na-
tion's next major manned space flight program after
Project Mercury.

To maintain its leadership in the radar and sonar
fields, General Electric’s Heavy Military Electronics
Department completed its new 465,000 square foot,
ultramodern $8,000,000 engineering and manufac-
turing facility as the Farrell Road Plant, in March,
1961.

DEFENSE SYSTEMS DEPARTMENT

The year 1961 was eventful for the Defense Sys-
tems Department, Syracuse, New York. In January
(the 23rd) the Air Force fired the last “D” series
Atlas from Cape Canaveral—using General Electric’s
radio-command guidance. This event was the cul-
mination of an R & D test program for the radio
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system which included guidance of the nation’s first
two 9,000 mile ICBM flights, placement of Midas
satellites into orbit and a string of 21 successful
Atlas launches. In two years of test flights, the sys-
tem guided 33 Atlases without having a single in-
flight failure.

On September 13, 1961 the radio-command guid-
ance system was successfully employed to guide the
Project Mercury space capsule into orbit with an
electronic astronaut aboard. General Electric en-
gineers and space technicians continued to apply
their skills to the task involved in placing the first
manned U.S. spacecraft into an earth-orbit with the
radio-command guidance system.

In 1961, man was once again reaching for the
moon—and once more using radio-command guid-
ance for the attempt. Earlier launches of the
National Aeronautics and Space Administration’s
Ranger Program are designed to test the launch
vehicle and the Ranger Spacecraft. Later Ranger
test will attempt to send television pictures back
from the moon, and eventually impact one of the
Ranger vehicles on the moon, plus having the ve-
hicles carry out a host of scientific experiments dur-
ing their flights. In the Ranger Program, the De-
fense Systems Department’s guidance system con-
trols the Atlas booster which carries the spacecraft
up to its parking orbit. The Ranger Program was
the first application of General Electric’s new light-
weight, transistorized airborne beacons that were
used aboard the Atlas booster. During 1961, radio-
command guidance was also selected for guidance
of the Atlas boosters’ for the Army’s Advent com-
munications satellite.

Rapid developments in the areas of missile range
instrumentation during the year included installa-
tion of MISTRAM equipment on the Atlantic Mis-
sile Range, GERSIS on the Pacific Missile Range
and pre—GERSIS range safety functions at PMR and
trajectory instrumentation and range safety func-
tions for all Atlas and Titan launches at AMR. The
MISTRAM system for the Atlantic Missile Range
is a missile trajectory measurement system under
development by the Defense Systems Department
for the Air Force Missile Test Center.

The system was scheduled for operation in the
Spring of 1962. MISTRAM will monitor missile
flights at AMR and was expected to give extremely
srecise data on a missiles’s position and flight path.
GERSIS is a G. E. range safety and instrumentation
system which will provide real-time impact predic-
tion data to the range safety officer at the U.S. Naval
Missile Facility.at Pt. A‘rguello, California. This
jnstantaneous dlsplay. of information is designed as

an aid in the protection of personnel and property
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particularly downrange during missile flights. The
system will also be vital during the Nike Zeus tests,
the Navy reports.

1961 was also significant for the Defense Systems
Department due to the fact that it assumed the
management and development responsibilities of
the 4121 Air Weapons Control System under a con-
tract with the Electronic Systems Division, AFSC of
the Air Force. This advanced electronic control
system is a closely coordinated network of data ac-
quisition stations, data processing and display cen-
ters, and weapons bases that will provide the tools
for effective aerospace management. The system,
designed for use throughout the Free World, will
operate at rapidly erected mobile sites as well as
permanent stations. Through effective integration
of many different types of existing equipment, 412L.
will tie radar sites, command control centers and
weapon bases into a unified, highly capable air
weapons control operation.

LIGHT MILITARY ELECTRONICS DEPARTMENT

During 1961 General Electric Light Military Elec-
tronics Department continued development and
production of aerospace electronics systems across a
broad spectrum of military products, including:

Development and production of armament and

flight control systems for the F-105 high perform-

ance fighter bomber.

Production of guidance and control systems for

SIDEWINDER.

Production of digital guidance computers for
POLARIS.

Development of the digital guidance computer
for SKYBOLT.

Development and flight testing of GESAC flight
control systems aboard the F-106.

Development and production of missileborne
radio guidance system for Atlas and missileborne
telemetry system for the MISTRAM System.
Avionics consultant for the W2F-1, conducting
studies to optimize the avionics system for this
carrier based early warning aircraft.
Development and production of horizon sensors
used with several satellites including Discoverer.
Development of 4 thermoplastic recorder/display
system capable of correlating radar signals.

GENERAL DYNAMICS CORPORATION
GENERAL DYNAMICS/ASTRONAUTICS

A high level of activity in space projects, initia-
tion of new space programs, production of advanced
models of the Atlas intercontinental ballistic missile,
and work on an advanced missile tracking system
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to track missiles fired down the Atlantic Missile

Range and to pinpoint their impact points,

e The start of operations of a new, underwater
explosive part-forming facility desngned. to form
special parts for spacecraft.. The explosions take

lace in a 12-foot tank which is part of the new
$40,000 facility comprising two buildings, a five-ton
hoist and two explosive magazines in a 16,000 square
foot area. The new method was expected to lower
tooling costs by 409, since a “punch”, necessary in
normal fabrication operations, is eliminated.

e Development of a method to receive and proc-
ess space satellite signals automatically for weather
analysis.

e Development of an optical beacon which helps
the USAF pinpoint the flight of Atlas missiles. "The
beacon flashes twice during the last moments of
powered flight, a 4,000,000 candle power light fixing
the missile’s position against background stars. The
light, recorded by optical tracking cameras at down
range stations, can be photographed more than
400 miles away, and the photographs show the pre-

cise trajectory of the missile prior to nose cone
separation. The company was also developing a
later model of the beacon for the Minuteman mis-
sile, under subcontract to Boeing Airplane Com.-

pany.
GENERAL DYNAMICS/CONVAIR

The jetliner production and testing programs
continued at General Dynamics/Convair during
1961. Near the year’s end a total of 46 Convair 880's
and 880-M’s were in airline passenger service.

In January, Trans World Airlines inaugurated
Convair 880 service. Later in the year TWA re-
ceived the last of the 20 615-mile-an-hour jets it
had on order. Other 880 deliveries were made to
Northeast Airlines during January and by mid-
February the airline had six of the planes in service.

Other Convair 880 deliveries were made to Delta
Air Lines and late in the year Delta had 11 of the
jets in operation. In July Delta placed an order for
four more 880’s, which will be delivered in July and
August of 1962.

On July 25, the FAA issued airworthiness type
certification for the Convair 880-M. During the next
few months deliveries were made to Civil Air Trans-
port of Formosa, 1; Japan Air Lines, 8; Swissair, 2;
Viasa of Venezuela, 2; Federal Aviation Agency, 1;
and Alaska Airlines, 1. Additional orders for the
Convair 880-M were received during the year from
apan Air Lines, 2; and Cathay Pacific, 1.

First flight of the medium and transcontinental
range Convair 990 took place on Jan. 24. Flight
testing and FAA certification flying with the plane
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continued throughout the year. On May 8, during a
dive, the plane reached a speed of Mach .97—only
three per cent short of the speed of sound. The FAA
awarded a provisional airworthiness certificate for
the Convair 990 on Nov. 3 and revenue ticket in
December. The plane was scheduled to go into pas-
senger service with American Airlines, Swissair, SAS,
and Real/Varig.

The last of the Convair F-106 jet interceptors on
order by the Air Force were delivered during 1961.
A modification program to convert F-106s from test
to tactical status was also completed by the com-
pany.

On June 6, the first human ejection from the
Convair F-106 supersonic pilot escape system cli-
maxed over four years of development and exten-
sive testing of the General Dynamics/Convair-de-
signed escape system.

Nine Air Force squadrons flew Convair F-102s
and Convair F-106s at the 1961 William Tell inter-
ceptor weapons meet at Tyndall AFB, Fla. An F-102
team from Labrador registered the only perfect mis-
sile firing score in the competition.

Design work was started by the company under
asubcontract to build empennages for the Air Force
C-141 jet cargo plane.

An Air Force contract was awarded on July 1
for continuation of the atmospheric geophysics re-
search program. Purpose of the program is to de-
termine the suitability of using the edge of the
horizon as a reference for space vehicle navigation
instruments. The contract calls for collection and
reduction of data on the infrared characteristics of
the horizon as seen from high altitude vehicles.

A research program was started by General Dy-
namics/Convair on the feasibility of using electric
propulsion engines to propel vehicles through deep
space under a contract from the National Aeronau-
tics and Space Administration. Research is expected
to lead to design of engines, known as electric or
1on propulsion or magnetohydrodynamic, operating
on the principles of plasma propulsion. A variety
of gases—hydrogen, helium, argon and nitrogen—
were being used in the experiments.

D_“ri“g the year the company developed a cryo-
genic pumping system, which, when put into use,
will eliminate gases emnjtted during dynamic testing
of small rocket engines within a chamber. The cryo-
pump principle is the freezing of gases into ice
thereby creating an evacuated area.

A new engineering and materials and process
}aboramry was completed in early 1961. It contains
30 separate laboratory functions for research and
development into every phase of fabrication for air-
craft and missiles. The 18,700-square-foot-facility

.
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includes lab functions for: mechanical properties,
creep test, heat treatment, vacuum fusion, welding,
ceramics, thermal properties, X-ray diffraction, emis-
sion spectroscopy, analytical chemistry, microchem-
istrty and Dbacteriology, radiochemistry, vacuum
metallurgy and plasmatron, absorption spectros-
copy. nuclear magnetic resonance and mass spectros-
copy, organic chemistry, chemical processes, plastics
and adhesives, finishes, corrosion, electrochemistry,
high vacuum, hazardous testing, paint application,
accelerated weathering.

A 24 x 30 foot concrete building for physics re-
search was also completed. The experimental infra-
red laboratory is designed for launch phase radia-
tion studies.

GENERAL DYNAMICS/DAINGERFIELD

A high quantity of jet engine testing was achieved
during 1961 at the Ordnance Aerophysics Labora-
tory, operated by General Dynamics for the Bureau
of Naval Weapons. The facility, located nine miles
south of Daingerfield, Texas, had two modern high
altitude test cells, two sea level tests cells and one
small scale cell.

The two high altitude cells are designed for
blowdown operation with maximum air flow ca-
pacity of 1600 1b./sec. at 215 psia pressure. They are
capable of free-jet and connected inlet testing of full
scale ramjet engines.

The laboratory is staffed with competent engi-
neers and technicians, many of whom have been
associated with the facility since operations began in
1945.

Employment totaled approximately 260.

In July, the test facility became a division of Gen-
eral Dynamics/Pomona.

GENERAL DYNAMICS/FORT WORTH

Advanced developmental effort on the B-58 super-
sonic bomber, continuing studies of nuclear pro-
pulsion for aircraft and spacecraft, and research pro-
grams ranging from interplanetary space to sub-
oceanic depths highlighted the activities ol General
Dynamics/Fort Worth during 1961.

As the division continued to turn out more B-58’s
for the Air Force, the USAF itsell concentrated on
combat readiness training of the first B-h8 unit, the
43rd Bomb Wing at Carswell AFB, Tort Worth, and
the new 305th Bomb Wing, Bunker Hill AFB, Peru,
Ind., which started operating the supersonic bomb-
ers in May, 1961,

With the B-58, the USAF set nine new world
speed and payload records in the first five months
of the year. The records, certified by the National
Aeronautic Association to the Federation Aero-
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nautique Internationale, included:

® Closed-course 2,000-kilometer flight at an aver-
age speed of 1,061.8 miles an hour on January 12
for a total of three world records;

® Closed-course 1,000-kilometer flight at an aver-
age speed of 1,284.73 miles an hour on January
14 for a total of three more world records;

® Closed-course 1,078-kilometer flight in 30 min-
utes and 43 seconds at an average speed of
1,302.07 miles an hour for a seventh world rec-
ord and capture of the Bleriot Trophy that had
remained unclaimed since 1930; and a—

® Trans-Atlantic flight from Washington to New
York to Paris that set two more world speed
records. The Washington-to-Paris time was three
hours, 39 minutes, and 49 seconds for an average
speed of 1,048.68 miles an hour. The New York-
to-Paris leg was covered in three hours, 19 min-
utes, and 51 seconds for an average speed of
1,089.36 miles an hour. These average speeds
include the slow-downs necessary for refueling
from slower tanker aircraft.

General Dynamics/Fort Worth continued to mul-
tiply effectiveness of the double-sonic weapon sys-
tem. The B-58 originally was equipped with an
externally mounted pod slung beneath the fuselage.
The pod carried both fuel for the aircraft’s four
General Electric J-79 engines, and the bomber’s pay-
load. In combat, the B-58 crew would drop the pod
containing the bomb load on the target.

In a later version, the aircraft was equipped with
a two-component pod. The lower portion carries
fuel to supplement the supply in the wing and the
fuselage. In combat, the lower component would
be dropped when its fuel supply was exhausted.
The upper part, carrying both fuel and the bomb
load, would be dropped on the target. This would
leave the bomber ‘“clean”—and without a useless
empty bomb compartment—to streak its way home.

Newest configuration for the B-58 in 1961 gave
the weapon system additional externally mounted
bombs, thus providing more firepower and greater
versatility, since with more bombs, a B-58 crew
could choose to drop all its devastating load on one
target—or choose to knock out a number of different
targets.

Another advance in the B-h§ program in 1961
was the installation of shatter-proof wheels. The
B-538 rolls on a two-wheel nose gear, plus a pair of
eight-wheel main gears beneath the wing. Tests
showed that in ?\'em ol one or more tire blow-outs,
there was a possibility that wheels might break into
[ragments. The fragments, in turn, might pierce
parts of the aircraft carrying fuel, thus creating
danger of five.
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To minimize this danger, General Dynamics/
Fort Worth engineers conceivc?d landing gear wheels
incorporating shatter-proof ‘rlms. In event of tire
blowout on takeoff or 1ar1dm_g, the so-called non-
frangible rims support the aircraft safely until it
comes to a stop-

Effectiveness of the new wheels was proven in
tests in which tires were shot out with ballistic-
driven spikes during a high-speed B-58 takeoff run.
With the tires out, the B-58 made a successful take-
off, and subsequently an uneventful landing.

Another 1961 innovation in the B-58 program was
development of an escape capsule that will protect
Air Force flight crewmen when emergency circum-
stances make it advisable to leave the aircraft either
while rolling on the runway or in flight.

The capsule system'’s effectiveness as an ‘“‘on the
deck” escape vehicle was demonstrated at Edwards
Air Force Base, California, on October 5, 1961. A
B-58 streaked down the runway at around 115 miles
an hour when a crewman triggered the escape sys-
tem. The capsule hurtled up and along the runway.
The parachutes then deployed, and slowly lowered
the capsule to the runway. Although only a dummy
was used for the first such test, the demonstration
proved that a man inside the capsule would have
safely survived. .

Demonstrations by volunteer Air Force crewmen

were scheduled for the capsule late in the year, and

capsules were due to be installed in the crew com-

partments of all tactical B-58s.
In an emergency, the escape capsule encloses the

crewman. It then is ejected from the aircraft, and
rocket engines propel it approximately 250 feet up-
ward and away from the aircraft. The capsule pro-
tects the crewman from windblast at speeds up to
and beyond the speed of sound. It also protects
him from low temperatures and lack of oxygen at
high altitudes. At an appropriate altitude, a para-
chute opens to lower the capsule safely to land, sea,
or ice.

Upon landing on ground or ice, the capsule’s im-
pact is softened by a built-in “cushioning” mech-
anism. If the capsule lands in water, built-in
“bladders” automatically inflate to keep the capsule
afloat.

After landing, the crewman will find inside the
capsule any number of articles designed to assure
his survival until rescue arrives. These items in-
clude fishing gear, a rifle, a radio transmitter, a
flare to attract rescuers, food, items to start a fire,
and so on.

The capsule—replacing the bulky and awkward
pressure suit, pargchute and associated body-borne
equipment——is designed to return flying to a “shirt-
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sleeve” operation.

While concentrating on the B-58 progrant Gen.-
eral Dynamics/Fort Worth was engaged 11 @ nim-
ber of research projects. In use were three nuclear
reactors built for radiation effects studi€s. These
studies will be valuable in the [uture in the design
and development of nucleur-powercd aircraft and
spacecraft.

The division was also using the reactors and
other advanced nuclear laboratory equipment to
amass data for more than 20 other nuclear-related
programs, including radiation-measurement devices
that will go aboard satellite vehicles P];mne(l for
study of the environment of interplanetary space.

Scientists and engineers were also taking a look
beneath the sea, since General I)ynumiCS/Fm-t
Worth was designing and producing extremely pre-
cise dosimeters used to measure radiation levels in
atomic powered submarines.

‘GD/FW was also conducting studies to deter-
mine what shielding will be necessary to protect
astrona‘uts from radiation as they travel through
space, in addition to numerous other nuclear pro-
grams. It also was associated with a sister plant,
the General Dynamics/Astronautics Division at San
Diego, in the Apollo program to orbit man around
the moon.

_General Dynamics/Fort Worth scientists and en-

gineers were also doing down-to-earth work on the
surface of their own planet. This is under contract
for the Army, which has ordered design, develop-
ment, and production of a radioactive-shielded crew
compartment for a combat vehicle of a classified
nature,
. In line with the Fort Worth plant's ever-broaden-
Mg areas of activities, the facility’s name was
changed in 1961 from Convair-Fort Worth to Gen-
eral _D?/namics/For[ Worth, and given full status as
A Division of General Dynamics Corporation.

GENERAL DYNAMICS/POMONA

The Naval Weapons Industrial Reserve Plant,
0perflt€d by Genera] Dynamics in Pomona, Cali-
fornia, assumed new name during 1961. Formerly
known as Convair/Pomona, the plant’s official name
becam.e General Dynamics/Pomona on May 29,
reflecting ful] corporate division status with the
General Dynamics Corporation.
prg)s?d(z:f same date, Charles F. Horne was named
res of General Dynamics/Pomona and a
.Semo.r Vice President of General Dynamics Cor-
poration. On July 6, the Daingerfield, Texas jet
engime test facility was made a division of General

Dynamics '
Jynamics/Pomona and placed under the supervi-
ston of President Horne.
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Combined administrative control of the elec-
tronic operation of General Dynamics/Electronics
at Rochester, New York and San Diego. California
with General Dynamics/Pomona was announced on
August 29. The General Dynamics/Electronics di-
vision also was placed under the supervision of
Horne.

Production of Tartar and Advanced Terrier su-
personic surface-to-air guided missiles, and develop-
ment of the Redeye guided missile and the Mauler
weapon system continued at General Dynamics/
Pomona. The Advanced Terrier incorporates im-
proved guidance features and substantial improve-
ments in range over original Terriers, which have
been operational with fleet units since 1956.

The Advanced Terrier missile is a major element
in the Navy missile arsenal, operational in 1961
aboard 19 ships. During 1961, the missile was in-
stalled on the nuclear-powered guided missile and
cruiser USS Long Beach, the carrier USS Constella-
tion, the carrier USS Kitty Hawk, and the frigates
USS Luce, USS Dahlgren, USS MacDonough, and
USS William V. Pratt.

Advanced Terrier is powered by two stages of
solid fuel rockets. The first stage, a separate booster
rocket, supplies high thrust for a short period to
launch and accelerate the missile to supersonic
speeds.

At booster burnout, the empty booster case falls
away and the second stage rocket ignites. The sec-
ond stage, called the sustainer, is part of the missile
proper and maintains the velocity required to match
any evasive maneuver the target aircraft might take.

The beam-riding missile also is suitable for beach-
head operations by Marine Corps units, and has
surface-to-surface capabilities.

In 1961, Tartar was becoming the primary anti-
aircraft battery aboard destroyers and secondary
battery on cruisers of the U. S. Navy. At year-end,
the missile was operational aboard seven of an
entirely new class of destroyer-type ships being com-
missioned for Tartar use. Tartar ships commis-
sioned during 1961 included the destroyers USS
John King, USS Lynde McCormick, USS Towers,
USS Sampson and USS Sellers.

Tartar is a supersonic homing guided missile.
The guidance system is made up of several inter-
related units. These units are constructed to form
the basic airframe of the missile. Each unit houses
a major part of the homing and control system and
can be replaced easily if there is a malfunction,
Extensive miniaturization techniques are used to
package the guidance system.

The dual-thrust rocket of Tartar is an integral
part of the missile. A high-thrust, short-duration
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burning period serves to launch and accelerate the
missile to supersonic speeds. After this, a lower-
thrust, long-duration-burning period maintains this
high speed to target interception.

Redeye is a new infrared, surface-to-air guided
missile designed to give combat troops the capa-
bility of destroying low strafing or bombing air-
craft. Redeve is shoulder-fired and readily man
transportable.

The missile launcher outwardly resembles the
bazooka of World War II. It is about four feet
long, three inches in diameter and weighs about 20
pounds. The launcher tube serves as a shipping
container for the missile, when capped at both ends.

Redeve is a composite structure containing pro-
pellant, an electronic guidance system and a high-
explosive warhead.

Mauler will be a compact, highly mobile weapon
which will use solid-fuel, radar-guided missiles to
destroy aircraft and shortrange missiles near for-
ward battle area positions.

Each Mauler unit will be contained entirely on 4
self-propelled chassis of standard design. It will be
fully mobile and capable of delivering accurate fire
while moving.

Mauler units will be light enough to be carried
by a fxed-wing aircraft, helicopter, and to be
dropped by parachute into battle areas.

General Dynamics/Pomona also was named as a
major subcontractor for the Long Range Typhon
weapon system during 1961. The Mishawaka divi-
sion of Bendix Corporation was named prime con-
tractor.

General Dynamics/Pomona continued work on
support equipment for prime missile programs, and
also was awarded Air Force contracts for study of
airport landing services and a track comparator
simulator.

Employment on October 12 was 6,371 compared
with 6,103 for the same period of 1960.

GRUMMAN AIRCRAFT ENGINEERING
CORPORATION

A contract to produce a second open ocean hydyo-
toil ship, another space contract, and de\'elop;nent
or production of ten other hydrofoil, space or air-
craft projects marked the business picture of Grum-
man Aircraft Engineering Corporation during 1961.
The year also disclosed a significant acceleration in
the acquisition or construction of research and de-
velopment f{acilities, formation of the company’s
first international sales corporation, and establish-
ment of a business office on the West Coast.

In the development status as the year came to a
close were:
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e The AG(EH) hydrofoil research ship, a 300 ton,
200 foot long Navy vessel which will be used to
develop techniques to be employed by hydrofoils in
finding and destroying enemy submarines. The
Navy ship will be capable of a speed of 50 knots. A
second set of foils under development will provide a
speed potential of 85 knots.

e The HS Denison, a 90 ton experimental hydro-
foil under development for the U.S. Maritime Ad-
ministration, was being prepared for launching.
The Denison will achieve speeds in the 60 to 80 knot
range.

e Nine vacuumized magnesium cannisters to con-
tain a passive communication satellite scheduled for
launching during 1963 by the National Aeronautics
and Space Administration were being developed
and produced. Test launchings were to take place
during 1962. The cannisters will contain 135 foot
rigidized mylar plastic and aluminum foil laminate
spheres which will serve as reflectors of radio signals.

e The W2F-1 Hawkeye, representing a new gen-
eration of early warning of attack and intercept con-
trol aircraft for the U.S. Navy, progressed well into
its development program. Five Hawkeyes were fly-
ing by the end of the year. Two were in the avionics
flight test program. First Navy Preliminary Evalua-
tion had been completed and the second evaluation
was scheduled to begin during the early months of
1962.

e The A2F-1 Intruder, the Navy’s new low alti-
tude attack aircraft, completed its third Navy Pre-
liminary Evaluation during December. The evalua-
tion amounted to the first formal inspection of the
Intruder’s unique all weather attack-navigation sys-
tem. Eight AZFs were flying. Four were in the
Avionics Flight Test program. During 1961, the
Intruder demonstrated an unprecedented light at-
tack capability at a special bomb dropping demon-
stration at Cherry Point, Va. The two place aircraft
carried a total of 30 five hundred pound bombs—
more than twice the amount carried by the famed
World War II Flying Fortress.

e A third model of the Mohawk, the AO-1CF
entered its flight test program. Under development
for the U.S. Army, the modification will provide the
service with a highly utilitarian STOL aircraft
capable of performing nighttime tactical observa-
tion with special infrared camera equipment. The
“CF” Mohawk was to enter the production phase
during 1962, joining the AO-1AF and the AO-1BF.
The company held contracts covering the produc-
tion of a total of 140 Mohawks, and at year-end ad-
ditional contracts were being discussed. Delivery of
the “AF’ and “BF” models were made to the Army.
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. .An Orbiting Astronomical Observatory, a more
precise astronomical instrument than any man has
ever possessed, was being de\'eloped for Goddard
Space Flight Center, NASA. The first phase of the
project, a detailed engineering report analyzing the
design of the hexagonal shaped aluminum szltéllite.
was completed. The second phase of the 1)1'()j€(‘l;
implementing the design in the production of a
prototype, was begun. Structural testing of a full
:scale model was underway. Phase 11 willl culminate
in a c_ompletely tested OAO structure and system
sometime during 1962. OAO will be launched in
1963.

Research and developmem facilities were greatly
au.grtnented at Grumman during the year. A new S5
mlll.lon Electronic Systems Center became fully oi)-
e‘ratlonal and was fully staffed in 1961. The Sys/tems
Center .houses the most advanced electrical and
electr'omc. test equipment available and was already
§Ontr1but1ng to the development of aircraft and
:E::Cehszsntsﬂ(llse:tl Grumman. In addition to the re-
tsed o gmundi opment work 'Lhe systems center is
radar, guidons €St space and aircraft systems (radio,
squane | e .control a.nd power). The 65,000
q oot bmldmg contains the largest radio fre-
quency Anecohic Chamber in the U.S.
bexélsg]?)ilt C[E(l)mrfei;) a close the finishing Fouches were
mately §2.7 millio:palce age tools costing :1])1)1"Qxi-
(internal dimens; . ndu'ded el Soar o
ber capable of f)ns) E_nvxronmentzfl Space Cham-

simulating vacuumized conditions

comparable to those found 200 mil Ititud
huge shat or whi S nd at ~miles a _utuc'e, a
of oe to 2000 ‘ 1 ;Nlll be able to impart vibrations
force of 3 3’00 ycles per second tc.>‘structures at a
, pounds, and a centrifuge capable of

subjectin
R ] & @ one ton payload to a stress 40 times the
orce of gravity,

Also under

develo D [ Wt 5
. ment d4s a Space a d -
f i . ) I I «C ge manu

systems and t}i: il‘ezm room in which le.l mzﬂ1j01: sub-
assembleq. Worls(lucture of_ the‘ OAO Tlseli will be
man designeq don the third in a serfes of Grum-
nine foog platf;rn developed air bea.rmg tz_lbles, a
steel bal) req m supported by a 22_-mch diameter
These frictionleg on a column of alr,'was started,

s platforms were being used to

devel :
OAO?P the guidance and control system of the

A new 13,000

. square foot research wing, whi
will house nycle ! & whieh

gun. Includeg iI:lrdam(l physi(.:s_ Iabo.ratoriesmwas be-
Van der Gran 116 new facility w111_ bfe a $200,000
volt accelormegy ccelerator. The 3 n'n.lllon electron
tive ion Capabil,.t(.:ompl.ete with positive and nega-
research i addi:'les, W.lll be_use.(l for pure nuclear
contingencieg 5. 1on to mvestlgatmg su'ch space craft

secondary state radiation properties

AEROSPACE YEAR BOOK



in matter (space craft shielding) and the effect of
Van Allen Belt electrons on solar cells.

In addition to those aircraft already mentioned as
in the “development’ status, the following were in
production during 1961: The ASW version of the
SA-16 B, $2f-3 Tracker, the Navy’s newest ASW, the
AO-TAF and AO-1BF models of the Mohawk, the
Ag Can and the Gulfstream.

GYRODYNE COMPANY OF AMERICA, INC.

The Gyrodyne Company of America, Inc., during
1961 made first flights of its Model DSN-2 and
Model DSN-3 helicopters and delivered pure drone
DSN-3's to the Navy for shipboard evaluation. First
flight of the manned version of the DSN-3 took place
on April 6, 1961.

An outstanding achievement took place when the
world’s first free drone helicopter—the Model DSN-1
drone—completed its sea evaluation trials aboard
the USS Hazelwood (DD 531) in March. One DSN-1
made 38 drone flights, 22 from aboard ship. During
these flights 18 complete simulated ASW missions
were performed.

Further advances in helicopter technology were
achieved by the company during the year when the
first flights were made of a Rotorcycle equipped
with tiltable floats to enable the helicopter to land
in heavy scas. Successful landings were achieved in
sea states 2 and $ with additional testing being pro-
jected to enable the tilt-float Rotorcycle to land in
sea state 5 and maintain a high degree of stability.

The company took occupancy of its new 60,000
square foot main plant and put mnto opemtion ad-
ditional flight test facilities. Total plant footage
and test facilities at year-end exceeded 112,000
square feet,

Sales for Gyrodyne continued to increase and the
company again doubled its employment figure and
expected to add another 200 engineering and pro-
duction personnel during 1962.

The Rotorcycle, Gyrodyne's one-man helicopter,
was awarded the Grand Prize by the Aeroclub of
France for the best performance of a helicopter at
the helicopter competitions at the Paris Interna-
tional Air Show held this year. At the close of the
Paris Air Show the Rotorcycle was demonstrated in
Germany, and other European countries.

HILLER AIRCRAFT CORPORATION
Heavy corporate funding ol new aircraft develop-
ment during 1961 helped make possible a leadership
position for Hiller in a year noted for historic ver-
tical flight activity.
In May, the Hiller light helicopter entry was

THE INDUSTRY

chosen one of the three finalists in the largest design
competition in helicopter history. Five prototypes
of the company's four-place, T63 turbine-powered
HO-5 were begun late in the year, for competitive
evaluation in mid-1963. This program was aimed
toward the largest manned aircraft production
quantity since World War 11: 4,000 units.

World cold war crises augmented the force of
light observation helicopters required by the Army
to fill interim requirements prior to the availability
of the winning turbine HO series. The Hiller-built
H-23D “Raven”, a three-place helicopter powered
by a 250 hp reciprocating engine, was selected in
competition as the light helicopter to fill this re-
quirement. In a production order originating in
September, some 226 H-23D’s were involved, with
deliveries begun in January 1962. Meanwhile, the
Army procured an initial quantity of four-place, 305
hp H-23F helicopters, military counterpart of the
commercial Hiller E4. These were being evaluated
to fill special high performance missions.

Perhaps the most noteworthy step in the short
history of vertical flight was the awarding of $70
million-plus Tri-Service VI'OL transport program,
another competition which Hiller, in concert with
Ling-Temco-Vought and Ryan, won in September.
Five 18-ton field evaluation transport planes will be
built, identical in concept to the Hiller X-18 tilt
wing test bed, which was manufactured and tested
under Air Force contract. Designated the VHR-447,
this new Army-Navy-Air Force program marks the
first VTOL effort to reach a full prototype phase.
A number of other VTOL projects continued at
Hiller, including advanced work in the field of pure
jet lift and jet lift augmentation, areas which have
been in study for over five years.

In November, Hiller unveiled its new six-place,
turbinized “Ten99”, an all-purpose half-ton payload
utility helicopter. Powered by the Canadian Pratt &
Whitney PT6 500 horsepower turbine, a Ten99 pro-
totype completed flight tests in secrecy earlier in the
year.

Hiller also revealed plans for a giant flying crane
called the “STORC” (Self-ferrying Trans Qcean
Rotary-wing Crane), which is an outgrowth of over
ten years of study in the rotor-tip jet propulsion
field. STORC's rotors are powered by two turbojet
engines in each blade tip. The helicopter can be
landed and converted to a long-range’ high speed
airplane by revolving one blade in its hub, and
locking the blades to become a high aspect ratio,
fixed wing.

Commercial sales of the 305 horsepower, three-
place 12E and four-place E4 helicopters continued
to new heights in 1961. Sales abroad and particular.
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ly in Latin America became a large percentage of
the total. A major procurement decision by the
Canadian Army and RCAF selected from competi-
tive evaluation the Hiller 12E (Canadian designa-
tion CH-112) as the standard light observation heli-
copter for these services. An initial order for 24
helicopters was completed during the year.

Hiller Aircraft Corp. was operating as a sub-
sidiary of The Electric Autolite Company of
Toledo, Ohio.

HUGHES AIRCRAFT COMPANY

Early in the year engineers of the California
Institute of Technology Jet Propulsion Laboratory
and Hughes Aircraft Company revealed details of
Surveyor.

The lunar soft landing spacecraft will carry four
cameras aboard to send television pictures of the
moon’s surface back to earth, each camera trans-
mitting pictures at the rate of one every few seconds.
Plans call for seven Surveyors to be launched in the
period 1963-65.

An earlier step is the Ranger series which will
include five Ranger spacecraft, the last three of
which are scheduled to rough land on the moon
starting in 1962. The first two Ranger spacecraft
will be sent on long elliptical trajectories away from
the earth. Rangers 3, 4 and 5 will be sent on tra-
jectories to impact the moon.

In 1960, scientists at HAC announced that for the
first time man had created a source of “coherent”
light which they described as an atomic radio-light
brighter than the center of the sun. Early in 1961,
the same scientists annouced a new radar, called
“Colidar” (Coherent Light Detection and Ranging)
which employs the coherent light beam.

Colidar has the low weight, low power needs
and small size to make it practical to launch in a
satellite into outer space. Essentially the device uses
the laser’s narrow light beam—instead of microwave
signals used by conventional radar—to detect distant
targets.

With future refinements in beam formation,
power sources and receiving devices, Colidar would
have a range in outer space of hundreds of miles

Part of the laser light triggers a timing system
which notes the exact moment the light pulse is
emitted. When the light pulse has bounced off the
target and has been reflected back to the collector,
the time again is registered, and this measure of
time provides the distance of the target.

In the attenuating atmosphere of Earth, the
Hughes working-model Colidar would have a range
of nearly six miles, and at this distance its narrow
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beam would discriminate between two diffuse ob-
jects only ten feet wide placed side by side, even
though the targets would reflect only ten per cent
of the light pulse.

If Colidar’s transmitter and receiver were sepa-
ra'ted and placed aboard two space ships 100,000
miles apart outside the Earth’s atmosphere, and
carefully aimed at each other, the receiver would
get the same signal strength as from the six-mile
target in the radar application on the ground.

.HAC began manufacture of an air-to-air guided
missile with g nuclear capability—the “Nuclear
Falcon"——early in the year in its Tucson, Arizona
plant under a 323,000,000 contract with the Air
Materiel Command.

Deliveries for test
in the F

and evaluation of this latest
alcon series began in March. Air Defense
Flor'nmand units equipped with F-102 all weather
Jetmnterceptors received the new GAR-11 late in the
year.

Larger than earlier Falcons it is still somewhat
small considering its capabilities. The GAR-11 is
7 feet long, 11 inches in diameter and weighs slightly
over 200 pounds.
liofzn?oiuzzement of two COlltl:aCtS totaling $9 mil-

W Polaris work raised Hughes's dollar

volu i ;
ume in  that program to approximately $30
million, ’

One contract was
bining severa] Pola
with Hughes.

awarded by the Navy for com-
ris inertial guidance platforms
while 2 sen, Izlroduced 'gt‘lidance electronic systems
by General E] 32:4 Ipllllon was awarded Hughes
livery of over ectric for the manufacture an.d de-

al hundred replaceable electronic sur-

face : . . .
Pol '?Oarqs for the digital computer used in the
olaris guidance unijt.

In miqd. .
a4 or id-year, the Air Force and Hughes launched
o : . . .
c Etegr‘am to modernize existing all-weather jet
r : . .
g Interceptor planes in the North American

air defen s
3¢ System to provide “more defense for less
money.”

The planes selected were the McDonnell F-101B

\V/ .
oodoo ang Convair's F-102A Delta Dagger and

F-10
6A Delta Dart, all of which carry Hughes arma-
MeEnt control systems,

A USAF evalu
preliminary fli
posed modific
device, which

ation team successfully completed
ght testing of the first of five pro-
ations—an infrared search and track
bility to dere gives the intercepto_rs increased capa-

Ct targets at low altitudes without al-

lowin . o .
g the target to know that it is being tracked.
The four othey sc

a redesigned raday
ure capabilities,

heduled modifications include
antenna, counter-counter-meas-
and a parametic amplifier which
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FSD participated in many projects of significance
to military and civilian space exploration and avia-
tion. Among the important contributions was to
Project Mercury. FSD scientists and engineers at
the Space Systems Center in Bethesda, Md., and the
Command Control Center in Kingston, N.Y., under
contract to Western Llectric Co., were assigned the
responsibility of:

—Providing the real-time computing system for
the world-wide tracking and ground instrumen-
tation network.

—Designing, programming and testing the launch,
orbit and re-entry computation system.

—Developing the data flow simulation programs
for systems checkout and personnel training.

—Developing the system for automatically testing
the readiness of the world-wide network.

—Developing and manufacturing the special com-
puter equipment necessary to receive radar data
transmitted in real-time from the tracking net-
work.

IBM 7090s at the NASA-Goddard Space Flight
Center in Greenbelt, Md., automatically receive re-
ports from the Mercury world-wide radar and tele-
metry tracking network. The computers process the
information and transmit the results to the Mercury
Control Center at Cape Canaveral to drive real-time
digital and graphic displays. NASA control officers
monitor these displays to follow the progress of the
flight so that they can make command decisions.

IBM designed and manufactured the special real-
time channels for the computers at Cape Canaveral,
Bermuda and the Goddard Center. The channels,
with high and low speed input-output subchannels,
accept data directly from communications lines and
send the information to the proper location in the
computer memory. Processed information is then
sent through the real-time channels and communi-
cations links to drive the Mercury Control Center
displays at Cape Canaveral and to provide the track-
ing sites with acquisition data,

Also for Project Mercury, the Federal Systems
Division designed, developed, installed and was
maintaining the Ground Launch Monitor Subsys-
tem. This system uses the link between Cape
Canaveral and Goddard Center to communicate
information in real-time during Mercury missions.

At the FSD Systems Development Department,
Bethesda, Md., work continued on the development
ol total information systems to enable commanders
to gather intelligence and to manage global military
resources more effectively. These contro] systems
immediately display the significance ol millions of
electronic computations as the basis for command
decision.

THE INDUSTRY

FSD was performing the systems analysis and de-
sign for the Air Force Command and Control Sys-
tem (473L). The system includes real-time data
processing, automatic switching, data storage, and
displays designed to translate the status of Air Force
resources into visual images that can be instantly
comprehended as the basis for decision. For 473L,
FSD will also determine equipment specifications,
human engineering factors, methods and pro-
cedures, and reliability.

Other projects were:

Aerospace Intelligence Data System (AIDS), in-
telligence data-handling system for the Strategic Air
Command including operations analysis, system de-
sign and system implementation.

Electromagnetic Intelligence System (466L), in-
tegration of ground and airborne systems to gather
electromagnetic data. IBM was associate prime con-
tractor with Radio Corporation of America.

Command Control Center personnel participated
in developing the Informer, a member of the Army’s
FIELDATA family of combat area data processors.
Housed in a S-109 shelter mounted on a two-and-a-
half ton truck, Informer was delivered to the Army
Signal Research and Development Laboratory, Fort
Monmouth, N. J., for evaluation and acceptance
testing. Designed to aid the intelligence, logistics
and personnel operations required in the modern
Army, Informer can be adapted to check out tactical
missiles before launch and guide them to targets.

Building on IBM’s experience in developing ad-
vanced guidance svstems, .the Space Guidance Cen-
ter in Owego, N. Y., in 1961 applied digital tech-
niques to control systems for satellites, space ve-
hicles, missiles, high-speed aircraft,
weapons systems, and submarines.

advanced

Under contract to Grumman Aircraft Engineer-
ing Corporation, the Space Guidance Center was
also developing an advanced memory and processor
for NASA’s Orbiting Astronomical Observatory
(OAO), to be launched in 1963. Based on the new
RANDAM (Random Access Non-Destructive Al-
vanced Memory) technology developed at the Cenp.
ter, the memory has no moving parts, can withstand
the violence of launching and is designed to operate
reliably in the spacecraft for more than 4 year. For
the first time, large volumes of data wil] be read out
of core memory many times, without erasure, either
to command the spacecraft or tg report experi-
mental data to the earth stations. The processor
and RANDAM memory will provide complete tim-
ing lor the OAQ system: verification, decoding and
distribution of both radio and stored (‘omm\:mds;
over 200,000 bits of storage; contyol signals for the
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stabilization and operation of the spacecraft and its
equipment.

The Space Guidance Center developed and was
producing the bombing-navigation systems, includ-
ing the Advanced Capability Radar, for the Strategic
Air Command’s operational B-52 fleet. With terrain
avoidance features that permit extremely low-level
flying, the systems provide the B-52’s with unlimited
global navigation and precision bombing capabil-
ities at all altitudes.

In the field of applied research FSD held its posi-
tion as a leader in the development of experimental
cryogenic devices. Early programs explored funda-
mental problems of the phenomenon of supercon-
ductivity, film insulation, fabrication, film geometry
control and materials. FSD was experimentally
fabricating, reproducing and testing large numbers
of interconnected cryotrons deposited on a single
substrate. Low temperature devices were produced
with sharp transition and high critical currents.

In mid-1961, the Navy awarded FSD a contract
to develop a high volume production system for
the continuous manufacture of ultra-reliable thip
film subassemblies, potentially the building blocks
of the next generation of electronic systems. The
new system will be produced with technical guidance
from the Naval Avionics Facility, Indianapolis
(NAFI), as part of the Bureau of Naval Weapons
Industrial readiness program. The Navy says the
system will be the first that replaces slow laboratory
assembly techniques with automated fabrication of
these advanced electronic components. The equip-
ment will be used by NAFI to produce thin film (e.
vices for experimental electronic systems, Among
these are missile guidance systems, satellite elec.
tronic systems, communications devices and comput-
ing equipment where savings in weight, space and
power are vital. Using thin film subassemblies, it is
possible theoretically to design electronic equip-
ment containing the equivalent of a million present
day components per cubic foot.

In addition to being smaller and lighter than
present components, thin film devices are more
rugged and better able to resist heat and humidity.
Thin film circuits generally use less power than to-
day’s circuits and because of their compactness, can
do their electronic jobs faster.

FSD’s Command Control Center in Kingston,
N. Y., also developed and shipped in 1961 a system
five times more powerful than that in SAGE Air
Defense System—the solid-state AN/FSQ-31(v) which
will keep inventory of the Strategic Air Command’s
world-wide resources. Prime contractor is Inter-
national Electric Corp.

Also, more than 200 specially developed data
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transmission terminals were to be delivered to
Western Union by IBM under a contract signed in
the summer of 1961 by the two companies. The ter-
minals—capable of sending and receiving up to 60
million words or an equivalent of four million
punched cards daily—are for installation in the Air
Force Combat Logistics Network (COMLOGNET).
The new IBM TELEPROCESSING terminals,
built to Western Union specifications, will be an
integral part of the world's largest data and message
network due for completion in 1962 by Western
Union as prime contractor for the COMLOGNET.
The terminals will be located at Air Force bases, de-
pots and stations, and at offices of civilian suppliers.
COMLOGNET will provide logistic support for
command and control operations. Its primary func-
tion will be to help the Air Force maintain its strik-
ing force at maximum readiness by making possible
the rapid exchange of information on aircraft, mis-
siles, personnel and supplies.

An IBM 704 system located at the Federal Avia-
tion Agency Aeronautical Center in Oklahoma City,
Okla., was playing an important role in the new
intermediate-altitude flights inspection system de-
signed and produced by the AIL Division of Cutler-
Hammer, Inc. The IBM 704 reduces millions of
individual readings recorded on magnetic tapes in
the inspection aircraft and translates them into a
series of meaningful reports. The IBM 704 is also
the tool used by FAA personnel to prepare the
magnetic tapes which the AIL equipment reads to
automatically control the aircraft during inspection
runs and to maintain a complete tape history file on
all enroute navigational aids in the United States.

DATA PROCESSING DIVISION

IBM’s Data Processing Division participated in
developing the world’s fastest and most reliable
commercial application of computer and microwave
transmission equipment which was installed at
North American Aviation, Inc.

The system provides the company with an answer
tO_the mounting industrial problem of how to ob-
tain high speed communications to effect fast turn-
around time, especially on engineering and high-
volume commercial applications. The hookup, ex-
panded from a system installed in 1960, has more
than tripled its initial speed.

_ The new North American system was developed
' cooperation with the International Business Ma-
chm.es Corporation and the Bell Telephone System.

Linked by the ultra-high frequency radio network
are the computing and data processing centers at
North American’s Autonetics, Downey, Calif.; Los
Angeles, Calif.; and Rocketdyne, Conoga Park,
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Calidyne Company of Winchester, Massachusetts,

and Electron Corporation of Dallas.

Aerosystems 1s Temco Aerosystems of Greenville,
Texas, another division of Temco Electronics and
Missile Company.

Information Handling Systems includes FF&M
Electronics of Los Angeles.

Chance Vought Corporation, with its aerospace
production, remains the backbone of the new Ling-
Temco-Vought complex. Rolling from the produc-
tion lines of the Vought Aeronautics and Missiles
Division at year-end was the F8U-2NE Crusader, an
all-weather, carrier-based fighter capable of flying
in the twice-the-speed-of sound range and equipped
with greatly improved radar.

As project manager, Chance Vought joined with
Hiller Aircraft Corporation and Ryan Aeronautical
Company to bid successfully on production of the
nation’s first tri-service VTOL (Vertical Takeoft
and Landing) aircraft.

The company also had an Air Force contract for
work on the nuclear ramjet-powered SLAM (Super-
sonic Low Altitude Missile) program.

In the era of space, Chance Vought was prime
vehicle manager for the NASA Scout program, pro-
duced components for the Saturn missile, and was
a member of the McDonnell-Vought-Lockheed-
Hughes team in bidding on the Apollo program.

In addition, the company was a large aerospace
subcontractor, a leader in the anti-submarine war-
fare field and a provider of military management
services. The Range Systems Division designed and
installed instrumentation systems for the USS
Range Tracker, missile and space tracking ship as-
signed to operate in the vast Pacific Missile Range.

The Electronics Group produced actuators for
all three stages of Minuteman and check-out systems
for Titan. It also produced video correlators, C-
band Beacons and other radar subsystems, antennas,
sonobuoys and ASW devices, autopilots, aircraft
and aerospace support electronic systems, electron
tubes, micromodular components and circuit en-
capsulations.

Super-power radar transmitters for BMEWS and
Nike-Zeus systems were produced by the Communi-
cations & Test Systems Group along with military
communications transmitters for all military serv-
ices. The group also produced radar telescope
transmitters, nuclear research devices, Voice of
America transmitters, 1-kilowatt to 50-kilowatt com-
mercial transmitters, remote control broadcasting
systems, dummy loads and super-powcr sonar ampli-
fiers.

A highlight of the year was the completion—one
full year ahead of schedule—of the Navy’s 2-million-
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watt VLF (Very Low Frequency) “world’s most
powerful radio station” in Cutler, Maine. This is
the “Voice of Polaris.”

Aerosystems produced specialized airborne sys-
tems and provided depot level maintenance and
modification, including IRAN and PARC, for all
types of military aircraft.

LOCKHEED AIRCRAFT CORPORATION

Lockheed sales in 1961 passed $1.1 billion and

the company’s backlog rose to a record level, pri-
marily the result of longer-range funding on missile-
spacc Rl‘()gl’anls and substantial orders in newly
emp.hasw.ed fields of military airlift and antisub-
marine warfare aircrafr.
_ For Lockheed, the year's financial highlight was
its achievement of fiscal objectives set forth in mid-
1960. At that time Lockheed reported large write-
offs zm(.l a large net loss. It promised, however, that
the action would return the company immediately
to profitable operations and strengthen its position
for the future.

Work in the field of missiles, satellites, and space
research, both military and civilian, accounted for
ha}f of Lockheed’s business volume in 1961. As
prime contractor on the Navy's Polaris fleet ballistic
missile the company responded to the Defense De-
partme_nt’s acceleration of the program, including
authorization for additional submarine systems zmél
faster. dev.elopment of a 2500 nauticsl mile range
Polar{s missile. Production of the first generation
Polaris, now operational, continued. A 1500 mile
sec.ond generation Polaris successfully underwent
firing tests.

Lockhee’s Agena satellite found wide uses. The
:g;?:;ecaf:gina B demonstrated that' its rf)cket
ene e stopped and r.estarted in orbit by

signals from earth. With Lockheed as Air
lI;“oirce satell'ite system manager, the Agena B was
l_netfrnagrelzlse((llein t.he Discov'erer space research, Midas
arams. A SL(:ctlon satellite, a.nd other space pro-
Mide o Orlc)(_:essful launch in Octf{ber p%a.ced a
detecs the it and demo‘ns.trated its ability to
Agena as ng o.f.a test I‘TIISSI.IC. 'The Army chose

o O-I"blt'lng vehicle in its Advent world-
K:t?o::;nf\l:rmc?nqns satellite project. ) And -the
b2 Ohautics and Space Ad.m'n}lstratmn

g uslr}g Agena for a number of civilian space
programs lncluding Ranger, a step toward landing
chicvemens g o Lockheeds misilespace

‘ on for it the Hoyt S. Vandenberg
trophy, for contributions to national security in

acrospace power, and the Goddard Memorial
trophy.
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Penetration of the maritime field with an anti-
corrosion system that resulted in an order from
the Netherlands to install the system on 11 Dutch
destroyers.

Missile support activity that included test and
maintenance work at Titan sites in Washington and
Wyoming.

Aircraft fuel handling at an annual rate of 200
million gallons at eight airports in California, 11li-
nois, Oregon, and Hawaii.

Successful firing of the largest solid fuel rocket
motor ever tested at super-cold (50 degrees below
zero) temperatures.

First flight of the QF-104 target drone, the first
pilotless flight of a modified supersonic aircraft.

Design and manufacture of low-power nuclear
reactors for a NASA research facility and for Purdue
University.

Development of an aircraft cockpit voice recorder
and receipt of an Air Force contract to supply
portable devices to detect and record system mal-
functions in jet bombers.

At mid-year Lockheed renamed its three prin-
cipal operating divisions the Lockheed Missiles and
Space Company, Lockheed-California Company,
and Lockheed-Georgia Company. In September, it
acquired complete ownership of the Grand Central
Rocket Company, a producer of solid fuel rocket
motors in which Lockheed previously held a 509,
interest, and changed the firm’s name to Lockheed
Propulsion Company.

Courtlandt S. Gross was elected board chairman
and Daniel J. Haughton became president follow-
ing the death in September of Robert E. Gross,
board chairman since 1932.

At year-end 1961 the Lockheed organization con-
sisted of nine major operating divisions and sub-
sidiaries—Lockheed Missiles and Space Company,
Lockheed-California Company, Lockheed-Georgia
Company, Lockheed Aircraft Service, Lockheed Air-
craft International, Lockheed Air Terminal, Lgck-
heed Electronics Company, Lockheed Propulsion
Company, and Puget Sound Bridge & Dry D_ock
Company. Total employment among all divisions
was 67,000. Lockheed's facilities covered more than
16.5 million feet of floor space.

McDONNELL AIRCRAFT CORPORATION

McDonnell attained major milestones in three
Jeading product lines during 1961. The F4H Phan-
tom II fighter airplane for the Navy entered the
fleet combat-ready, the Gam-72 Quail missile became
combat ready and was installed in Air Force B-52
“alert” squadrons, and the Project Mercury capsule
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for the National Aeronautics and Space Adminis-
tration carried astronaut Alan B. Shepard, Jr. on
the free world’s first manned space flight.

The year saw the formation of a new Electronic
Equipment Division, the Automation Center de-
velop a good foundation for sound and steady
growth, and receipt of nine new contracts for aero.
space study and research and development work.

Operations for the year were good from a finan-
cial standpoint. Earnings after taxes were at a new
high, slightly greater than last year. Working capi-
tal increased by 42 per cent to over 550,000,000.
The company ended the year entirely free of any
and all kinds of borrowing and in the strongest
financial position in its history.

The first manned flight of the Project Mercury
Capsule into space on May 5 demonstrated for the
first time man’s ability to perform useful control
functions in space, and was of historical significance
in the program leading to manned orbital space
flight. The second manned flight on 21 July further
demonstrated the capsule’s integrity for space flight
and re-entry into the atmosphere.

In addition to the design, development, and con-
struction of the Mercury vehicle, McDonnell was
given the added responsibility during the year for
much of the Iaunching preparations at Cape Canav-
eral. McDonnell had a team of approximately 400
personnel at the Cape assigned to final testing of
the spacecraft and preparing it for flight. This in-
cluded the mating of the capsule to the booster and
participating in the final checkout and countdown.

Despite the complexity of the spacecraft and un-
usual circumstances surrounding its development,
McDonnell delivered the first flight version in Feb.
Tuary 1960, only 13 months after the contract award.
Fifteen were being delivered to NASA by the end
of 1961,

0'ne of the aspects of Project Mercury which
merits further emphasis is the program’s importance
to future manned space flight. This program has
bgen aptly described as “the Wright Brothers phase
of manned space flight”” and the knowledge gained
from it wil provide the foundation upon which
the free world’s capability in this field will be built.

An order for six additional Project Mercury space-
craft with 5 preliminary expenditure limitation of
$2,500,000 was received in April 1961 from NASA.
The fulfillment of this order was to extend work
on Project Mercury through June, 1962. It was
expected that many additional experiments will be
conducted with Mercury vehicles until more ad-
vanced multiman spacecraft and space laboratories
are developed,

During calendar 1962 and 1963 an average of
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about one testing, training, or orbital flight every
two months was planned with Mercury capsules.
Experiments may include orbiting the capsul_e_ as
many as 18 times around the earth and orbiting
animals for a week or longer. In these ways and
others Mercury spacecraft would support the devel-
opment of the Apollo program for manned lunar
landings.

One of our most significant new research and
de\'elopment programs, for which McDonnell 1:e-
ceived a $9 million contract from the Air Force in
June, is a project known as ASSET (Aerothermo-
dynamic Structural Systems Environmental T(_ists)
which calls for the design, construction, and flight
testing of advanced glide re-entry vehicles. -

The objectives of Project Asset is to obtain new
technical data and develop sound approaches to the
creation of advanced structural systems for future
aerospace vehicles.

The contract called for the construction of seven
re-entry vehicles which will be launched from Cape
Canavéral by Scout boosters on horizontal trajec-
tories where they will travel at speeds up to 12,000
miles per hour. The flights will be of longer dura-
tion than any heretofore conducted in the re-entry
environment, and thus permit extensive data to be
obtained. The vehicles, made of refractory metals,
will be recovered to permit physical inspection after
flight, with the objective of creating reusable aero-
space vehicles.

Further recognition of the Phantom II as one of
the world’s most advanced airplanes grew during
the year as the first combatready Phantoms were
delivered to the Atlantic and Pacific fleets, as new
world speed records. were established, and as.t.he
Phantoms continually demonstrated their capability
to perform both interceptor and attack roles. .

The Phantom's reputation as the outstanding
fighter aircraft stems not only from its speed .a‘nd
altitude capabilities, but from its great VEIZSthll}ty
both as a land and carrier-based aircraft. This twin-
jet fighter flies at speeds appreciably in excess of
Mach 2, has attained an altitude of 98,557 feet, has
the longest range of any Navy fighter, and yet lands
aboard carriers at speeds lower than other super-
sonic jet fighters.

As an interceptor, the Phantom inc.orporates a
fire control system which assures maximum ef_fec-
tiveness from its loads of Sparrow 1II z}nd Sl(‘le-
winder missiles. As an attack airplane it carries
quantities of both nuclear and conventional bombs.
In exercises during May and ]une,‘a Phantom
demonstrated its adaptability for limited wars by
releasing in salvo, in clusters, and singly, 22 con-
ventional bombs during bombing runs.

THE INDUSTRY

Because the Phantom operates from aircraft car-
riers and from shorter runways than other high per-
formance aircraft, its combat effectiveness is world-
wide.

Two new official world speed records
achieved by Navy
exacting courses.

On May 24 three teams of Navy pilots and radar
operators set new transcontinenta] speed records in
three Phantoms from Log Angeles to New York.
Each Phantom bettered the previous world’s record
of 3 hours 7 minutes held since 27 November 1957
by the Air Force using RF-101 Voodoos. The best
time was 2 hours, 48 minutes.

On August 29, a two-man Navy crew flew the
Phantom II at tree-top level of an average speed of
902.768 (Mach 1.2) over the missile range at White
Sands, New Mexico, and claimed a new world class
record for a three kilometer course.,

were
pilots in the Phantom II on

Navy production contracts for the Phantom II
weapon system called for deliveries through 1963.
The Phantom II's achievement of maxim

um speed
within the limitations of conventional

materials,
combined with the flexibility of both ground attack,

air superiority, and interceptor capabilities, indicate
that the airplane will play a major defense role for
the United States and the free world throughout the
decade of the 1960’s.

The delivery of the 807th F-101 Voodoo to the
Air Force’s Air Defense Command on March 1%
marked the completion of 843 man-centuries of
work, which brought McDonnel] more than
$1,000,000,000 of business spread over 10 years.

To strengthen the defense of the outer reaches of
North America, the U.S. Air Force has transferred
66 F-101B interceptor Voodoos to the Canadian Air
Force for operation under the North American Air
Defense Command.

Of major importance to McDonnell missile busi-
ness is the fact that.the company will team with
Bendix in the development of the new Typhon
missile weapon system for the Navy. The Typhon
will provide the fleet with a greatly improved anti-
aircraft capability plus an offensive surface-to-sur.
face capability for engaging enemy fleet units. This
weapon system with its improved propulsion
unique McDonnell-pioneered aer

and a

odynamic configu-
ration will have an extended range and will im-

prove the accuracy, target-handling capacity, and
quick reaction capability of future guided missile
warships. McDonnell will be responsible for the
development of the airframe,
engine.

The Typhon is an outgrowth of the Navy’s Talos,

including the ramjet
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a surface-to-air missile which is in its 10th year of
production by the Bendix-McDonnell team. Talos
Is established as a primary fleet defense system
aboard the Navy’s missile cruisers. It was expected
that Talos would continue in production at least
until production Typhons are delivered to the fleet.

Most of the B-52 squadrons of the Strategic Air
Command scheduled to receive the GAM-72 Quail
had been equipped with combat-ready missiles.

The Quail was designed to serve as a penetration
aid during strategic bombardments. Several missiles
are carried by a B-52 bomber. When a “covey” of
Quail are launched from the bombers, they create
images on enemy radar screens identical to those of
the bombers, thus serving to confuse enemy defenses.
Powered by a GE-J85 jet engine, the Quail flies at
the speed of the bomber, about 650 miles per hour,
and at the same altitude.

As weapon systems manager, McDonnell designed
and was producing the airframe and electronic flight
control system as well as the electronic and mechan-
ical ground support equipment, and the launch sys-
tem in the bombers.

Orders for the Quail and associated equipment
were to extend deliveries through June 1962.

As the use of electronic equipment expanded with
the ever-increasing complexity of aero-space prod-
ucts, McDonnell designed and produced a wide
variety of electronic products and systems in con-
nection with advanced research, development, and
production work for the U. S. Government. In
order to realize the greatest potential from this
capability, an Electronic Equipment Division was
organized on January 9 with the aim of improving
present service through consolidation, and of com-
peting for new electronic business from government
and industry.

Among items for which McDonnell had contracts
were a missile flight control system, an aircraft dis-
aster prediction device, ballistic missile check-out
equipment, and a new method of visual display of
air defense radar information for the Army at the
battle group level. Including items for use in MAC
weapon and space systems, upward of 35 separate
electronic equipments have been designed, with the
majority of them in 1961 production.

Because of past experience, MAC was concentrat-
ing on development work in the fields of guidance
and control, space communications, and ground
support equipment,

The Automation Center completed its first year
of operations with a good foundation for future
growth. Following a policy that would provide the
company with a broad base of applications in a
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variety of industries, McDonnell served clients in
30 different lines of business during the year, in-
cluding banking, petroleum, retail, wholesale, elec-
trical manufacturing, food and beverage. Among
these applications was the development of a com-
plete demand deposit system for banks, utilizing the
newly developed Magnetic Ink Character Recogni-
tion (MICR) equipment. Services included consult-
ing, systems design, programming, data processing
and computing.

The professional staff of the Automation Center
grew to 400 personnel, and had available nearly
$10,000,000 worth of computing equipment. Mec-
Donnell substantially increased its scientific digital
Computing capacity with the installation of an IBM
7090 and an IBM 7080, which increased administra-
tive data processing capacity by five times. It was
delivered in August, the first 7080 to be installed in
the country. Complex services and operations, such
as simulation of oil refinery operations and of flights
of advanced space vehicles, can now be provided
with greatly increased speed, efficiency and economy,

A substantial step was taken in equipping the
Research Laboratory so as to provide improved
technical support for the company’s Aeronautic,
Asu‘onautic, and Automation activities. Programs
M progress in 1961 included: Solid state physics
research involving the preparation of thin films of
metallic single crystals for advanced electronic cir-
cuit elements; and involving work on quantum elec-
t'ronics devices required for the conversion, detec-
tion, and amplification of energy. An integral part
of this work is the study and preparation of inter-
metallic compounds having both high melting tem-
Peratures and high thermonuclear conversion effi-

clencies to improve the auxiliary power systems in
Spacecraft.

Electro optics research included absorption
studies of possible maser materials to provide data
for optical pumping systems for microwave energy
amplification in spacecraft communication and
Spacecraft and missile guidance.

Plasma physics research to investigate materials
and spacecraft suitable for en tering planetary atmos-

pheres and for hydrogen arc propulsion of space-
crafe,

The Navy on September 5 announced it had
a\warded McDonnell a contract amounting to
$180,000,000 for additional FAH aircraft. The Navy
also advised of jts plan to increase the production
rate for fiscal 1962 of the Talos missile for which

McDonnell builds the airframe and the ramjet
Propulsion.
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onground training of Air Force personnel in
simulated procedural launching operations of the
GAM-72 Quail decoy missile and the GAM-77
Hound Dog air-to-ground missile.

Throughout 1961, the Air Force demonstrated
many successful firings of the Boeing-built Bomarc
B missile, which is powered by two advanced Mar-
quardt ramjet engines. The continued success of
the Bomarc missile program as evidenced in these
tactical firings provided assurance of an operational
Bomarc IM-99B which will ring the periphery of
the United States to guard against supersonic bom-
ber attack. The improved missile, directed toward
drone aircraft and targets by SAGE direction cen-
ters, registered effective “kills” at altitudes greater
than 100,000 feet and distances of more than 440
miles.

In addition to the design and fabrication of rocket
motors, the corporation continued to develop and
produce complete programs on payload paclfagCS,
recovery systems, electronic sensors, transmitting
and receiving antennae, launchers, and electronic
data processing systems. Marquardt’s meteorological
rocket systems program was high-lighted during the
year when company-developed ASPAN sounding
rockets were fired off the coast of Sardinia by the
Italian Space Commission. These rockets attained
altitudes of 100 miles, ejecting sodium flares which
permitted Italian scientists to study and gauge
upper atmospheric and wind conditions. _

The Marquardt Corporation accelerat.e(r 1.ts
independent research and development activities in
such diversified areas as space exploration, propul-
sion systems, industrial and manufacturing capabili-
ties, and the gathering, storage, and transmission of
complex electronic data. Company—sponsored pro-
grams of this nature led to the Air Force contracts
on Project ADVENT and the B-52 trainer systems.
A number of study contracts were received for ex-
plorations of chemical and electrical rockets and
electrical power conversion.

In demonstrating the expanding electro-optical
capabilities of the corporation, Marquardt devel-
oped, through company-sponsored research, a high-
density data storage system capable of storing 5,000
times as much information per square inch as
magnetic tape and with a readout time only 1/10
as long. This is a system whereby information is
recorded in terms of optical density in independent
dyes of color film. The readout system consists of
an electro-optical system which converts the light
densities of the film to electrical signals.

During 1961, independent company research con-
ceived a new concept for nuclear powerplants for
the production of electrical power in the civilian
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reactor field at costs competitive with conventional
steam-electrical plants in the 5,000 to 20,000 elec-
trical kilowatt range for small electrical systems.
Called the Direct Cycle Diphenyl Reactor
(DCDR), the concept represents a new approach
to the design of small nuclear powerplants. The
high waste-heat rejection temperature (approxi-
mately 300°F) of the diphenyl cycle is ideally
suited to provide a source of economically useful
energy for production of process heat or for saline
water conversion.

A sudden expansion burner system (SUE), which
incorporates the most recent developments in com-
bustor design and heat transfer theory, was being
produced by The Marquardt Corporation at year-
end. The unit’s simplicity makes it applicable to a
wide variety of test and industrial heating and
process systems. The first major application of the
SUE burner was at the NASA Langley Research
Center structural wind tunnel where the system
is utilized to boost the air temperature to 2000°F.
The generation of this intense heat is designed to
test aerodynamic components and structures under
high-temperature supersonic conditions.

During the year, a new automatic hydraulic-
powered universal testing machine, the TM-6, was
added to the line of industrial and manufacturing
test machines and accessories developed and pro-
duced by The Marquardt Corporation. The test
machine is designed to accommodate highly exact-
ing test requirements for determining physical prop-
erties of all types of materials, including metals,
plastics, ceramics, cermets, cloth, and paper. The
machine is automatically controlled and will test
materials in tension, compression, bending, fatigue,
creep, creep-relaxation, and recovery.

In its seventeenth year—founded in 1944—The
Marquardt Corporation employed approximately
3,500 employees, encompassing the following divi-
sions: ASTRO (Aero Space Technology Research
Operation) Power Systems Division, Facilities En-
gineering Division, Pomona (electronics) Division,

and a major manufacturing facility at Ogden,
Utah.

MARTIN COMPANY

A DIVISION OF MARTIN MARIETTA
CORPORATION

On October 9, 1961, The Martin Company and
the American-Marietta Company were consolidated
Into a new billion dollar enterprise, Martin
Marietta Corporation.

George M. Bunker was named president and chief
executive officer, and Grover M. Hermann became
chairman of the board of directors.
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unmanned weather monitor. Each generator uses
a safety inert and insoluble chemical compound of
Strontium-90 a5 a heat source, ringed with thermo-
electric elements to convert the thermal energy pro-
duced directly into electricity. Automatic weather
stations which could be placed virtually anywhere
in the world and which could operate for years with-
out refueling or maintenance had obvious signifi-
cance for air safety and aroused considerable inter-
national interest. .

In the field of nuclear pmpulsion, the Nuclear
Division continued to support Martin’'s effort on the
RIFT program under contract with NASA. Simul-
tancously, comp;my-sp(msored eflorts concentrated
on several specific technical problem areas, includ-
ing the fabrication of high-temperature elements,
reactor flight safety analysis, and reactor start-up.

Near the end of the year, Martin announced its
program of development for a series of Direct Con-
version Reactors. Opcrating at the 60, 300 and 2,000
kilowatt levels, these reactors would produce elec-
trical power by means of thermionic converters
within each fuel element. Parameters for the fast
reactor design, employing lithium as a coolant, we}‘e
based on the company’s development programs in
the thermionics and liquid metal flow, as well as an
extensive analytical program. The DCR_ system
would be suitable for auxiliary power in active com-
munications satellites, space laboratories or as basic
power sources for electrical propulsion units.

Other programs in the Nuclear Division during
1961 included production of the reactor core for the
Elk River (Minnesota) power station, the prepara-
tion of a critical experiment for the “liquid ﬂuidl‘zed
bed reactor” under AEC contract, the construction
of several isotopic power units for land and sea use,
and the inauguration of work under contract with
the U. S. Army Corps of Engineers to design, de-
velop and build a 10,000 electrical kilowatt floating
nuclear power plant.

MARTIN-BALTIMORE

The principal activities of Martin-Baltimore dur-
ing 1961 included continuing manufacture and test-
ing of the Air Force Mace tactical missile systems,
concentrated studies on space flight and planetary
colonization for both NASA and the Air Force, and
modification of the Titan II ICBM for its role as a
booster in the Air Force Dyna-Soar manned space
glider project. The division also receiv?d the .ﬁrst
Air Force production order for a lightweight trainer
modification of the Bullpup, and continued to fur-
nish support systems for Titan, Pershing and Bull-
pup-

Mace B completed its development phase in June

THE INDUSTRY

with a final series of successful launches down the
Atlantic Missile Range from Cape Canaveral. Most
of these tests were from a simulated underground
hard site—a heavily reinforced concrete shelter de-
signed to protect the missile under nuclear battle-
field conditions. Launch crews were training to man
the weapon system when it becomes operational
with U.S. defense forces overseas.

Mace B is the newest in the series of Martin-built
Air Force surface to surface tactical missiles that
began fifteen years ago with the Matador “pilotless
bomber,” and continued with Mace A.

Matador has been deployed in full combat readi-
ness since 1954 both in Europe and the Far East,
and Mace A has been similarly operational in
Europe since 1959. Both are capable of carrying
conventional or nuclear warheads.

At the Mace A sites in Europe, a new rapid-fire
multiple launch modification introduced during
1961 makes it possible to fire four missiles in less
time than it formerly took to fire one, as well as to
handle the entire operation with a smaller crew.

Matador is controlled electronically in flight by
ground personnel. Mace A uses a self-contained
tracking system known as ATRAN, which scans the
terrain by means of radar and correlates with a pre-
viously prepared film strip in the missile.

Mace B uses an inertial guidance system which
operates by means of a series of built-in gyroscopes,
computers and reference platforms in a form of
memory navigation. Mace B can cruise at altitudes
from under 1000 feet to over 40,000 feet, and can
attain ranges beyond 1200 miles.

Besides prime contracting Mace, the Baltimore
division produced a great number of support sys-
tems for Titan, Pershing, and Bullpup.

In August the division received from the Air
Force the first production order for the TGAM-83
Bullpup trainer. The air-to-surface training missile,
used to teach pilots to fire the GAM-83 Bullpup,
duplicates as much as nccessary the performance of
the operational missile.

The $1.5 million contract provided for delivery
of 424 Bullpup trainers to Nellis Air Force Base,
Las Vegas, Nevada, for training of F-100 jet pilots.
The Bullpup trainer utilizes obsolete World War 11
and Korean War HVAR (high velocity aircraft
rocket) engines to achieve costs savings. The 5-inch
rocket produces 5000 pounds of thrust.

The TGAM-83 is nearly eight feet long and
weighs 125 pounds compared to about 10 feet and
600 pounds for the operational GAM-83A Bullpup.
The Bullpup trainer underwent test flights during
the year at Eglin Air Force Base, Florida.

In May, Martin-Baltimore submitted to the Na-
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tional Aeronautics and Space Administration the
results of a paid feasibility study on Project Apollo.
Apollo is the manned space flight system which will
take three men in orbit around the moon and will
eventually lead to lunar landings and exploration
of deep space.

Another paid study for NASA concerned launch
vehicle systems for lunar exploration beyond the
initial Apollo flight. The study covered three basic
missions:

(1) a lunar landing and immediate return for
three men, (2) a 30-day stay on the moon for three
men, and (3) a permanent moon base which would
accommodate 10 to 12 men. A wide variety of prob-
lems was covered, including those of boosting the
vehicles into space, soft-landing them on the moon
and returning them to earth again. The study also
considered provisions for man’s extended existence
in the space and lunar environments. This program
was to be continued into 1962.

Among other studies conducted by Martin in the
field of space flight were ones on global surveillance,
satellite vehicle guidance, and a permanent satellite
base and logistics system. The company was cur-
rently devoting approximately 800,000 man hours
a year to studies which relate directly to space flight
and planetary colonization.

Under an Air Force contract, Martin-Baltimore
was modifying the Titan II ICBM for its role as a
booster in the Dyna-Soar space project.

Dyna-Soar is the first U. S. program to combine
the speed of a ballistic missile and the maneuvera-
bility of an airplane. The Titan II booster will
launch a manned glider under development at The
Boeing Company, into the upper atmosphere at
speeds of more than 15,000 miles per hour.

After separation from the booster, the glider pilot
will be able to bring his spacecraft to a controlled
landing at an airfield of his choice. The Dyna-Soar
program is aimed at eventual controlled flight of
the glider around the earth.

Martin initially was awarded a contract in No-
vember, 1959 when the Air Force designated the
Titan I as the Dyna-Soar booster. The more power-
fu.l Titan II was selected as a replacement for the
Titan I by the Air Force in January, 1961.

The .TiFan IT delivers about 430,000 pounds of
thrust in its first stage and approximately 100,000
pounds at altitude from its second stage. Utilizing
hypergolic, storable propellants, the Titan II takes
advantage of simplified systems which result in
greater reliability.

Primary changes planned by Martin engineers in
the basic ICBM included the addition of fins to the
booster to compensate for aerodynamic forces acting
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on the glider’s wings and structural strengthening
to absorb the added weight of the glider.

In April the division was awarded a Navy con-
tract to study the structural aspects of large hydro-
foil ships. The significant feature of a hydrofoil
ship is its ability to travel with hull raised entirely
out of water. Thus freed from the friction and
motion resulting from an immersed hull, it achieves
high speed and stability.

Martin conducted independent hydrofoil studies
for nearly three years, utilizing both its existing
marine [acilities alongside its Middle River (Mary-
land) plant and a corps of engineering staff mem-
bers and consultants long versed, through work on
seaplanes, in designing high-speed marine vessels.

During the year, the computers used by Martin
in Baltimore were moved to a centralized location
to establish a separate data processing center. Major
equipment included an IBM 7070 for business com-
putations, a 7090 for scientific and engineering com-
putations, an three 1401’s for input-output. Similar
data processing capability existed in other company
divisions in Denver and Orlando.

DENVER DIVISION

The Air Force’s Titan ICBM came of age in 1961.
Success after success was chalked up in interconti-
nental-range launchings down the Atlantic Missile
Range from Cape Canaveral and the entire Titan
weapon system—the missile, underground base and
Air Force crew—passed its first operational-type test
in September in a launch from Vandenberg AFB.
The first Titan operational complexes, east of Den-
ver, were structurally complete and nearing opera-
tional readiness.

Meanwhile, development of a larger, more power-
ful version of the missile—Titan II—was moving at
Martin-Denver. First captive firings of the Titan II
propulsion system took place in the Martin-Denver
test area during 1961, the prelude to flight testing
from Cape Canaveral.

Titan II will be the heavy-duty member of the
U. S. ICBM force. In addition to the advantages
of sheer power, it will feature all-inertial guidance,
liquid propellants which can be stored aboard the
missile and, hence, an extremely short reaction time.
Titan II also will be launched from within its un-
derground hard site.

In May this in-silo launch concept was proved at
Vandenberg AFB when a specially adapted Titan I
was launched from a prototype of the Titan II silo
with complete success.

It was an important year in areas of space tech-
nology at Martin-Denver, as well. Studies were
under way for both the Air Force and the National
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Aeronautics and Space Administration. These in-
cluded: SLOMAR (Space Logistics, Maintenance
and Rescue), an Air Force study of a proposed space-
craft system to provide freight, passenger, mainte-
nance and rescue service for orbiting satellites and
space stations; and RIFT (Reactor In-Filght Test),
a NASA project to study vehicle preliminary design
problems involved in flight-testing a nuclear rocket
engine in an upper stage on a Saturn booster. While
test flight of a nuclear rocket was the primary con-
cern, NASA anticipated that data furnished by the
RIFT flight test program would have a direct appli-
cation to operational space exploration vehicles.

A third major study announced publicly was
POISE (Photosynthetic Oxygenation Illuminated
by Solar Energy), a cooperative project between the
Alaskan Air Command’s Arctic Aeromedical Labo-
ratory and Martin Company space scientists. It’s a
study of the eflects on algae of the constant sunlight
in interplanetary space, with Alaska’s long summer
days used to supply the sunshine.

Non-contractual programs under way included
an astroplane system, space laboratory and explora-
tion vehicle design, propulsion technology, human
factors and animal research.

ORLANDO DIVISION

Martin's Orlando Division continued its rapid
growth in 1961, with employment passing 10,300.
The division, which opened in 1957 with 1,200
employees transferred from Baltimore, became
Florida’s largest industrial employer and a major
factor in the Central Florida economy. The division
continued development and production programs
on its five prime contracts—the Army Pershing bal-
listic missile system, the Army Lacrosse missile sys-
tem, the Navy Bullpup and Air Force GAM-83
Bullpup missiles and the Army’s BIRDIE air defense
system.

To this, the division added its revolutionary
RACEP communications systems, and by the end
of 1961 was ready to deliver equipment to the Army
and Air Force. Work was also expanded and accel-
erated in advanced studies groups, with several
highly significant programs underway.

Pershing, the division’s biggest project, stepped
up its flight test program. In 1961 the Group Two
(second in the series of development configurations)
flight test program was successfully completed, and
tests with the advanced Group Three configuration
and its sharply tapered nose cone were initiated.

The ground support equipment was phased into
the flight test program and a training program lor
Artillery and Ordnance school instructors was
begun, moving Pershing closer to operational status.

THE INDUSTRY

The first production contracts were awarded
mid-summer.

Secretary of the Army Elvis Stahr, on a visit to
Cape Canaveral, witnessed another successful Persh-
ing launch, then visited the Orlando Division for

a detailed Pershing briefing and operational demon-
stration.

in

Lacrosse, the Army’'s other big missile under pro-

duction by Martin in Orlando, began moving into

the U.S. inventory at bases overseas in 1961. Three
battalions were deployed to Europe and one to the

Far East. Troops began training firings and for the
first tme Lacrosse was launched on the Eur
continent.

The N'avy Bullpup program moved at a rapid
pace during the year, highlighted by successful first
launches of the new and larger Bquup B and a
highly significant contract for accelerated produc-
tion of Bullpup A missiles in connection with a
step-up of the nation’s limited war capabilities.

Bullpup A, now operational with Navy and Ma-
rine Corps squadrons around the world, set more
high marks for accuracy and reliability during 1961.
Specifications were bettered in both areas. The
company and the Navy also announced significant
reduction in the cost of Bullpup A missiles, almost
60 per cent since the first production missile came
off the line in 1958.

The Bullpup B, which carries a 1,000-pound con-
ventional warhead, moved into advanced develop-
ment stages with test launching from A4D aircraft
at Pt. Mugu, California. First photos and details of
the big missiles were released during the year.

GAM-83A, the Air Force Bullpup, began moving
into operational F-100 and ¥-105 squadrons during
1961. The Air Force also accelerated the produc-
tion of Bullpups for limited war readiness.

First launchings of the GAM-83B, nuclear war-
head missiles, were successfully completed early in
1961 and the Air Force later awarded the company
the first production contract for the nuclear Bull-
pup. (The Navy Bullpup B and the Air Force
GAM-83B are different missiles, though the Navy
Bullpup A and the Air Force GAM-83A are almost
identical.)

opean

Both services asked the company to study ad-

vanced versions of Bullpup, and work was under-

way to broaden the missile’s capabilities,
With the last of the 10 Missile Master

th th : air defense
coordination systems for

o1 : : major cities and major
military installations delivere( by Martin-Orlando
during 1960, the electronics effort of the division
was concentrated during 1961 on construction of
the BIRDiE (Battery Integration and Radar Dis-
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lite detection and tracking, ground mapping, attack
warning and missile-launch detection, and deter-
mination of ICBM and IRBM signatures were
designed.

Ferret countermeasures receivers are well known
as Martin products. New developments in elec-
tronic warfare included improved antennas; satel-
lite direction-finding antennas; automatic detection,
surveillance, and analytical systems; and rapid-scan
digitally programmed receivers.

In ground support equipment, the division de-
signed and produced systems and devices for check-
out, launch control, launchers, power supplies,
simulators and trainers, transport, storage, han-
dling, propellant loading and cryogenics, and main-
tenance equipment. Its GSE products were used on
such programs as the P5M Marlin seaplane and the
Matador, Bullpup, Lacrosse, Mace, Titan, GAM-83,
and Pershing missiles.

A digitally driven display system was developed
for command and control to show many types of
data simultaneously—maps, countours, tracks, and
characters—with better than 99 per cent reliability.
A digital and solid-state system up to and including
the deflection circuits, it exploits the versatility of
the modern computer and requires no digital-analog
conversion.

Undersea electronics, a longtime interest of the
division, was represented by acoustic projectors,
transponder buoys, taut-wire hydrophone array, and
fixed acoustic buoy used in underwater sound
research.

The division had special engineering laboratories
for infrared, cryogenics, solid-state electronics, mate-
rials and processes, instrumentation, magnetic com-
ponents, human factors, semi-conductor products,
and high-resolution recording.

RIAS DIVISION

In the comparative quiet of a suburban estate in
Ruxton, Md. (near Baltimore), RIAS scientists con-
tinued to conduct basic research in mathematics,
physics, chemistry, metallurgy and the biosciences.
For them, the year 1961 was a particularly fruitful
one, resulting in more than 50 publications in sci-
entific journals,

WOrk continued at a vigorous pace at the Math.e-
matics Center, where research was conducted 1n
differential equations, a subject vital to the devel-
opment ol control theory. Fundamental work in
linear filtering and prediction produced a more
practical means of predicting the optimal path and
position of a space vehicle operating at great dis-
tances from the earth. One of the high points of
the year was the Symposium on Nonlinear Differ-
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ential Equations and Nonlinear Mechanics con-
ducted by RIAS and the Air Force Offlice of Scien-
tific Research. Held at the Air Force Academy in
Colorado Springs, the symposium attracted 144
scientists and engineers from eight countries.

Two members of the staff received high honors
during the year. Solomon Lefschetz, director of the
Mathematics Center, was named to the Royal Soci-
ety of London, and Dr. Joseph P. LaSalle, associate
director, was elected president of the Society for
Industrial and Applied Mathematics.

The solid state physics program was an active one
during the year, both in its experimental and theo-
retical phases. Studies of particular interest were
those of thermionic emission and of the conduc-
tivity of alkali-halide crystals. Theoretical studies
were conducted in relativity and particle physics,
and the experimental cosmic ray program produced
interesting results during the year. Instrumentation
carried aloft by Blue Scout rockets provided data on
the neutron density flux in the upper atmosphere.
Since neutrons decay into positively-charged protons
and other particles, those neutrons which escape
from the atmosphere may be one source of the
charged particles trapped by the earth’s magnetic
field in the inner Van Allen radiation belt. Infor-
mation on primary cosmic particles from outer space
was received from an unexpected source in 1961.
The Lxplorer VII satellite, programmed to cease
transmitting in October of 1960, continued to send
back data throughout the year. Data were trans-
mitted from the satellite during a series of solar
storms that occurred after the scheduled cutoff
point, and analysis continued throughout the year.

In RIAS metallurgical laboratories, studies were
conducted on the resistivity of metals that had been
deformed by cold-working; on the effects of surface
treatment on the mechanical properties of materials,
and on the allotropic transformation of metals, uti-
lizing the techniques of electron microscopy.

Research in the biosciences was concentrated on
the study of photosynthesis. Under investigation
were the roles played in photosynthesis by the light
factor, by the characteristic structure of the chloro-
plast, and by the lipid (fatty acid) constituents of
the chloroplast. Closely related to these studies was
rf:searcll in carbon monoxide fixation, an investiga-
tion which indicates that green plants have the
capability of preventing carbon monoxide from
building up to concentrations that are injurious to
hl_lm;m beings. The scope of research in the bio-
sciences was broadened during the year by the addi-
tion of a program of research in senescence in
plants,

Activity in chemistry included expanded studies
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in quantum chemistry; research in the chemistry of
boron compounds, and investigations in the chemi-
cal physics of colloids and surfaces. Related to this
work was a project to develop better means of utiliz-
ing large clectronic computers for the solution of
problems in logic arising in quantum chemistry.

NORTH AMERICAN AVIATION, INC.

North American Aviation’s evolution from air-
craft manutacturing to diversified activity in aero-
nautics, missilery, astronautics, rocket propulsion,
electronics and atomic energy yielded important
dividends in 1961 for the national defense and space
programs.

North American rocket engines boosted 24 of the
26 satellites and deep space probes successtully
launched during the year and the U. S. astronauts
launched in 1961. The company's guidance and
control systems, already on global duty with the
Navy's Polaris fleet, also proved their capabilities
in initial test flights of the Minuteman ICBM.

The nation’s defense forces were strengthened
by deliveries of A3] attack weapon systems, GAM-
77 air-to-surface missiles, T-39 Sabreliner trainers,
rocket engines for the Atlas and Thor ballistic mis-
siles, electronic equipment for aircraft, missiles, sur-
face vessels and submarines.

A cluster of eight H-1 Rocketdyne engines stood
by at Cape Canaveral, test-proven and ready to
launch the first test vehicle of the Saturn which is
designed to orbit a three-man capsule or 10 tons of
instrumentation.

The X-15 rocket research airplane continued to
establish new speed and altitude records for manned
flight and demonstrated reentry capabilities with
flight temperatures exceeding 1000 degrees. A T-
39A set an unofficial long-distance speed record for
aircraft in its twin-jet class, covering a 3,873-mile
Atlantic crossing  (Madrid to New York) in an
elapsed time of 9 hours, 39 minutes.

Manufacturing work began on all major assem-
blies of the first B-70 Valkyrie and assembly got
under way on the 2000 mph airplane, scheduled for
initial flight in late 1962,

The Army successfully test-fired the Redhead-
Roadrunner, a ramjet-powered target missile, and
deliveries were begun on an advanced version of
the Hound Dog missile, the GAM-T7A.

Each of the company’s six operating divisions
enhanced its capabilities in research and develop-
ment as well as production, giving North American
a capacity for projects of magnitude in almost any
technical orientation.

For the third time in the last five years, sales
exceeded $1 billion. Each division contributed to
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this achievement by reporting a sales increase over
the previous year.

To give the company augmented computer ca-
pacity for its five divisions in Southern California,
North American linked all of its computer opera-
tions through a microwave system. Believed to be
the largest privately operated computer complex
in the world, the microwave pooling system assures
immediate flight test data reduction on such priority
programs as the Minuteman and Hound-Dog mis-
siles, F-1, Saturn and Thor, Atlas, Redstone rocket
engines, and Polaris submarine SINS navigation
system, for example. The system makes the fullest
use of the company’s five IBN 7090 computers.

During the year the company began construction
of a solid propulsion research and test facility near
Reno, Nevada, and a feeder plant near Princeton,
West Virginia.

North American made strategic organizational
revisions during the year. The Rocketdyne, I.os
Angeles, Columbus and Atomics International dj-
visions were reorganized according to the changing
character of their activities. The Missile Division
was redesignated the Space and Information Systemns
Division and it joined two other divisions—Colum-
bus and Los Angeles—in the field of complete aero-
space systems.

The Space Division was selected by the National
Aeronautics and Space Administration to develop
the second stage (S-II) for an advanced Saturn
launch vehicle.

The company’s expansion in the aerospace field
as a manufacturer of components as well as of major
systems was paralleled by continued investment in
research and development.

With the increasing emphasis on research and de-
velopment, the percentage of scientists and engineers
among North American employees continued to
rise. About 25 percent of the company’s 80,000
employees are engineers, technicians and supporting
personnel, compared to less than four percent dur-
ing World War 11.

The new $10 million Aerospace Laboratories on
a 28-acre site in El Segundo, California, took their
place as one of the most complete facilities for
manned space flight studies as well as for the Mach
8 flight regime. Completed during the year were
an acoustic test chamber, a 45,000-gallon hydrostatic
test tank, and an environmental test facility. Among
other capabilities the laboratory includes the world'ks
most advanced privately owneq
tunnel.

The Autonetics Division w
and control of m

trisonic  wind
as studying guidance

' anned and unmanned space vehi-
cles in which a guidance inaccuraCy equivalent to
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Exceptional performance of the guidance and
control equipment in the missile’s first flights was
credited to the intensive reliability program.

The Navy's accelerated program for atomic-
powered fleet ballistic missile submarines increased
requirements for Autonetics marine navigation
equipment.

Deliveries of guidance and flight control systems
continued for Hound Dog missiles and bomb-nav
systems for A3] airplanes, armament control systems
for Air Force F-105 airplanes and F-104 airplanes
for Germany, Japan, Belgium and the Netherlands.

Automatic checkout equipment was produced for
the Atlas missile, A3] and W2F airplane programs,
and a number of computers and data systems were
delivered to the Army, Navy and Air Force.

COLUMBUS DIVISION

The Columbus Division increased its activity in
development and construction of radomes and large-
scale ground antennae for radiotelescopy, satellite
tracking, and communications research.

Two radomes over 100 feet in diameter were com-
pleted and construction was begun on an antenna
to aid in developing large transmitting and receiv-
ing equipment required to operate high-capacity
satellite relay systems for global communications.

Flight-test evaluation of the Mach 2 A3] carrier-
based attack weapon system continued and first
units for pilot training were delivered to the Navy
at Sanford, Florida, prior to fleet deployment in
1962. The A3] was the company’s second largest
program in total estimated value.

Columbus Division, prime contractor for the
Army’s newest supersonic target missile, the Red-
head-Roadrunner, was expanding its activities in
missilery. The Redhead-Roadrunner, designed to
operate at either high or low levels, was successfully
test-fired at White Sands.

SPACE AND INFORMATION SYSTEMS DIVISION

A contract for development of the second stage
vehicles for 10 advanced Saturn space systems was
awarded to the Space and Information Systems
Division.

The new stage will use four liquid oxygen-
hydrogen engines, delivering a total thrust of
800,000 pounds, which are being built by the
Rocketdyne Division under a separate contract. As
the second stage for the C-3 version of Saturn, it

will be capable of placing a 40-ton spacecraft in a
300-mile Earth orbit,

In September, the division delivered an advanced
operational model of the Hound Dog air-to-surface
missile to the Strategic Air Command. Launched
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from B-52 heavy bombers, the 43-foot GAM-77As
can deliver a nuclear warhead over a range of sev-
eral hundred miles.

A thirteen-month study contract to improve satel-
lite observation and prediction techniques was
awarded to the Space Division by the Electronic
Systems Division of the Air Force Systems Com-
mand. The study was under way at the North
American Aerospace Laboratories in El Segundo.
Purposes of the study are to determine methods of
improving techniques for systematic visual observa-
tion of faint satellites; to investigate short-cut pre-
diction procedures, and to make observations of
approximately six special satellites daily.

More of the company’s activities in manned and
unmanned space vehicles and in electronic informa-
tion systems were being concentrated in this divi-
sion under its expanding fields of operation.

The GAM-77 missile program was one of the
Space Division’s larger programs and was the third
largest current program in total estimated value in
the company.

ATOMICS INTERNATIONAL DIVISION

Small nuclear reactors to solve the problem of
providing auxiliary electric power to operate the
electronic equipment on space vehicles are being
developed by Atomics International.

The SNAP 8 (Systems for Nuclear Auxiliary
Power) is under high priority development for use
as a power source for electrical propulsion applica-
tions. In space work, the SNAP unit consists of a
nuclear reactor and a power conversion unit to
change the reactor’s heat into electricity.

During the year, company funds were used to
develop and demonstrate a thermionic device that
produces electricity directly from heat.

A leading producer of research reactors, the divi-
sion has designed, fabricated and put into operation
more than a dozen reactors in the United States and
foreign countries.

Development of compact SNAP reactors, however,
utilized about 40 percent of the division’s man-
power.

Two central station power plants utilizing con-
cepts pioneered by Atomics International for econ-
omic production of electricity were to begin opera-
tion soon. One of these, a sodium graphite reactor
to produce 75,000 kilowatts for the Consumers Pub-
lic Power District of Hallam, Nebraska, was com-
pleted and undergoing operational testing. The
other, an 11,400-kilowatt organically cooled and

moderated reactor for the City of Piqua, Ohio,
neared completion,

AEROSPACE YEAR BOOK






velopment of an engine for spacecraft, led to an
experimental plasma engine that was subjected to
test operation. Encouraging results spurred con-
tinuing research in this new field of magnetogas-
dynamics—the use of electricity to accelerate ionized
gases to tremendous velocities. Designed to propel
vehicles on interplanetary voyages, these engines
produce comparatively small amounts of thrust for
periods of months using very little fuel.

In the field of life sciences, Norair specialists ex-
tended their investigation of methods to support the
human body in the severe environment that will be
encountered in space travel. Activity was focused on
the design of the body support couch for astronauts
which, together with the pressure suit, helmet and
restraining harness, will allow them to be fully effec-
tive during periods of extreme accelerations. In
addition, Norair scientists continued investigation
of methods for sustaining life on prolonged space
missions. These studies include experiments with
green algae as a possible food supply which could
be grown aboard space craft, and irradiation studies
of the physiology of small desert animals which can
live for long periods with virtually no water or
moisture. The growth of cancer cells was heing
studied to determine the effects of space radiation
on living tissues.

Norair physics extended their study of the origins
and behavior of the Van Allen radiation belts
known to exist in space, and affecting the safety of
human space penetration.

Initial preparations were made for the installa-
tion at Northrop’s Hawthorne plants of a nuclear
research reactor where the effects of high-energy
radiation on space craft systems will be conducted.
In the same field, work moved forward on radiation
detection devices and instruments for handling
radioactive materials.

One of the most significant research pograms dur-
ing 1961 concerned Laminar Flow Control. LFC is
a Northrop-pioneered method for extending the
range of large airplanes without increasing fuel con-
sumption. By reducing the friction drag en-
countered by the plane as it moves through the air,
Laminar Flow Control will enable airplanes to fly
approximately twice as {ar with a given amount of
fuel, thereby reducing ton-mile and passenger-mile
costs on long flights. Not only does this offer tre-
{nendous logistic advantages to the armed forces
in the rapid transport of men and materiel over
mterco_ntm(?ntal distances, it also promises a great
expansion in long-haul cargo shipments and air
travel. N?rthrop was assembling two LFC aircraft
for the Air Force for the purpose of an “in-flight”
demonstration of advantages of LFC. The company
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was also conducting research into advanced appli-
cations of this technique to supersonic aircraft.

New applications of the T-38 family of super-
sonic aircraft were studied for the purpose of pro-
viding additional versions for special training re-
quirements as well as combat-capable configurations
suitable for limited war.

Hand in hand with these important research pro-
grams were the major production programs carried
out by Norair and other divisions of Northrop Cor-
poration during 1961.

Another 144 T-38A Talon supersonic trainers
were ordered during 1961 by the Air Force. The
contract brought the total of T-38 orders to 357
aircraft. Production rate climbed to 12 aircraft per
month in December at Norair plants in Hawthorne
and Palmdale, Calif.

New emphasis on limited war capability for U.S.
military forces and the need to replace U.S. furn-
ished F-86 and F-84 jets in allied nation inventories
prompted intensive interest during the vear in
Northrop's supersonic N-156, fighter counterpart
ol the T-38 trainer.

The N-156 is slightly heavier (12,500 pounds)
than the T-38 and faster (approximately Mach 1.5
vs. the T-38’s 1.27). It can carry external fuel and
armament weighting up to 5,500 pounds. Leading
edge flaps and a drogue chute give the fighter excep-
tional short-field capability.

During its 1961 tests, the N-156 became the first
supersonic fighter to operate from a sod field. In
subsequent operational tests, the N-156 provided its
ability to deliver weapons in support of troops and
to penetrate deeply into enemy territory on sur-
veillance and reconnaissance missions.

As a subcontractor to the Boeing Company, Nor-
air continued production of outer wing panels and
aft fuselage sections for the KC-135 jet tanker and
707 and 720 jet airliners. By September 25, 1961,
Northrop had delivered 773 ship sets of outer wing
panels and 735 aft fuselage sections on schedule and
at one of the lowest per-pound costs in the industry.

The Norcom launch site voice communications
system developed by Norair was ordered for the
250-station Norcom network on the first Saturn
launch complex at Cape Canaveral. Experience
gained from earlier installations at Vandenberg Air
Force Base, Calif., and at NASA’s Goldstone track-
ing station, proved the Norcom system applicable
on ships, tanks, submarines and even factories.

Norair conducted a continuing search on all
fronts for new manufacturing methods and for solu-
tions to the problems presented by forming, shaping,
drilling, cutting and welding the exotic new ma-
terials required for space age structures.
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One of the division's most important materials
research programs was the work being done in
beryllium, which appears destined to become a
prime metal for space ship construction. Northrop
pioneered in the technique of making thin-walled
extrusions from this metal. Brazing processes 1n
columbium, molybdenum and cobalt alloys were
being developed for application to the Air Force’s
triple-sonic B-70, to a Mach 3 transport, and to an
aerospace craft of the Dyna-Soar type.

RADIOPLANE DIVISION

Radioplane’s research and production of space
recovery systems gained new recognition during
1961 with the successful return to earth from sub-
orbital flights of American astronauts Alan Shepard
and Virgil Grissom. The same recovery system
proved instrumental in returning NASA TProject
Mercury instrumented space craft from an orbital
space flight in September 1961. _

In its return from space, the instrumented Project
Mercury vehicle was slowed down from orbital
velocity by means of retro-rockets. As the vehicle
lost velocity and entered deep into the earth’s aunos-
phere, the Radioplane landing system took over. At
42,000 feet and a speed of approximately Mach 1.
the 6-foot diameter conical ribbon drogue para-
chute was ejected by means of a mortar. Infiating
rapidly, the drogue’s "chute stabilized and decele-
rated the vehicle to a velocity of ;1pproxinmtely 16Q
knots true air speed. Upon reaching an altitude of
10,000 feet, the drogue 'chute disconnected fr(?m th.e
spacecraft and deployed the main 63-foot ringsail
parachute from its compartment in the top of the
vehicle. The spacecraft was then decelerated r‘md
lowered to the water at a speed of just under 30 feet
per second. To aid in search and location, a
cloud of radar reflective metal foil strips called
“chaff” was ejected from the spacecraft at 42,000
feet. As a further locating aid, when the
main parachute was pulled from its compartment, a
SOFAR (Sound Fixing and Ranging) cl.mrge was
ejected with it. Upon landing, a highly visible mnr}c-
ing compound dye was floated on the water to aid
in the air search for the spzl(‘.ecrufl.

Paradynamic work during the year at Radioplane
included the NASA Project Mercury landing system,
two contracts for recovery of reconnaissance satel-
lites, and crew escape and survival systems for Fhe
F-106 fighter and B-58 “Hustler” bomber. ‘L:mdmg
and recovery system research included requirements
for the Appollo Lunar Spacecraft and other ad-
vanced space vehicles. ' '

Devel()pmenl of an unusual new device to in-
crease radio reflectivity that may revolutionize the
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field of space communications was launched in 1961.
Called ADSAT (for Anomalous Dispersion Spher-
ical Array Target), it should extend the usefulness
of passive communications satellites out to 22,300
miles—the 24-hour orbit.

The germ of the ADSAT idea actually came from
early X-ray diffraction experiments with ordinary
salt crystals which yielded a pattern of intense
bright and dark spots. This hint of resonance with
the crystal lattice led Northrop researchers to at-
tempt to duplicate this effect at radio frequencies—
and the first version of ADSAT looked much like a
molecular model, with silver-coated ping-pong balls
serving as “atoms.” The size of the balls and inter-
vals between them were carefully calculated to
resonate with and reinforce the incoming fre-
quencies.

In its basic concept, the ADSAT satellite is a
collapsible, spherical network, 100 to 400 feet across,
with the resonant balls at each intersection of the
network. It is designed to be launched in a small
package, and inflated in orbit, much like Echo. The
reflected signal, however. can be 1,000 times as
strong as that obtained from a simple, Echo-type
target of equal size.

The succesful RP-76 recoverable target missile
produced by Radioplane continued as the only
rocket-powered target missile in operation during
1961. Simulating an enemy aircraft, it attained the
record altitude of over 75,000 feet and was hit by
a Nike-Hercules air-defense missile at McGregor
Range, Fort Bliss, Texas. Under terms of an ex-
tended flight program contract, Radioplane con-
tinued to be responsible for target air launch, flight
control and tracking, and maintenance and repair
of targets at McGregor Range.

A supersonic rocket-powered version of the RP-76
target missile was developed and evaluated. The
advanced RP-76-X-4 is designed to operate at alti-
tudes in excess of 70,000 feet and speeds up to Mach
2. Total flight endurance is in excess of 20 minutes,
including approximately five minutes of powered
flight plus glide.

Northrop’s Radioplane Division has produced
thousands of the OQ-19 type radio-controlled aerial
targets for the United States Army, Air Force, Navy
and several foreign nations. It was being used ex‘-
tensively as a training target for surface-to.
siles such as Nike and Terrier and for m
has been the standard target for antj

air mis-
any years
aircraft artillery
training all over the world. The O0Q-19's rugged

construction and simplicity of maintenance permits

multiple missions in rapid sequence without major
component replacements. 0Q-19 type targets are
recoverable by parachute,



Quantity production of the SD-1 surveillance
drone system continued during the year. Deyeloped
in conjunction with the Army Signal Corps, the
system has been operational with the Army in
Europe, the Far East and United States, performing
photographic and reconnaissance missions.

To accommodate Radioplane Division’s growing
research and production programs, Northrop started
construction in mid-1961 on a modern engineering
and manufacturing center at Conejo Valley, Cali-
fornia. Representing an important part of North-
rop’s three-year $32,000,000 capital investment pro-
gram, the new facility will be located in campus-like
surroundings at Rancho Conejo. Radioplane re-
search, engineering, manufacturing and administra-
tive activities located at Van Nuys, California, will
be moved to the new center.

NORTRONICS DIVISION

Northrop’s Nortronics Division gained recognition
as one of the nation’s leading producers of elec-
tronic, mechanical, and optical systems for aerospace
requirements. Major strides were made during 1961
in several key programs.

Development and initial production of the ad-
vanced star-tracking inertial guidance system for the
new Air Force Skybolt missile progressed on sched-
ule at the division’s Hawthorne laboratories. Sky-
bolt will be guided to a ballistic trajectory above
the atmosphere and race at hypersonic speeds to
targets over 1000 miles distant. Nortronics is re-
sponsible {or development and production of the
astro-inertial guidance system that will enable the
launch aircrafe and the missile to always “know”
where they are within the earth's atmosphere and
to control the flight of the missile once it has been
launched.

More than 4,000,000 engineering hours had been
devoted by Northrop to research, design, develop-
ment and manufacture of astro-inertial guidance
systems at the time the Skybolt program was initi-
ated. This included pioneering development and
quantity production of the Mark I guidance system
for the nation’s first intercontinental guided missile,
the SM-62 Snark. )

In addition to continued research and develop-
ment on terrestial and space guidance systems,
Ilfortmn.lcs was under contract to the NASA Jet
e1:21;1;1;1;?;{&3);:21(:0}rybfor a healthy Portion of the
and Marimer Lo, sx: }iysltems used in the Ranger
production of aumpn:t :1: es, T_he work included

! €ctronics, sun sensors and
earth horizon seekers, These instr .
signed to aid in determinip .uments_a.re d_e-
g vehicle position in
space.
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The Navy’s Polaris Fleet Ballistic Missile System
relies on several Northrop products which were pro-
vided during the year.

Deliveries of DATICO (for f)igiml Automattic

“Tape Intelligence Checkout) systems for Polaris sub-

marines, tenders, Naval Weapons Annex and factory
production lines continued at an accelerated pace.
DATICO is the electronic system that monitors,
checks out and performs the launch countdown
scquence for each of the 16 missiles aboard the
nuclear-powered submarines.

Nortronics supplied gyroscopes and accelerom-
cters for the Atlas, Bomarc, Nike-Zeus, Falcon and
Polaris missiles. An advanced inertial gyro devel-
oped by the division neared production status. It
will replace the current Nortronics model being
used in the Polaris submarine inertial navigation
system.

Development and production of the Type-II Peri-
scope for the Polaris submarines was a Nortronics
system responsibility. This optical sextant permits
celestial navigation while the submarine is sub-
merged and is used to correct drift in the ship’s
inertial navigation system. A more advanced navi-
gation aid for Polaris submarines, an clectronic
sextant that receives radio emissions from the sun
and moon, was delivered in mid-1961. Called a
radiometric sextant it provides all-weather capa-
bility, and is difficult to jam.

VIPS, a miniature tape play-back and monitoring
system developed by Nortronics to solve the critical
inflight warning needs in today’s complex high per-
formance aircraft was selected by the Air Force for
installation in all operational B-58 bombers. Incor-
porating a priority network in the event of multiple
hazards, VIPS alerts the pilot of inflight emergencies
and has the capability to present pre-recorded in-
structions to cope with the hazard.

A space vehicle "hot nose” that measures angle
of attack and side-slip during critical atmosphere
exit and entry, originally developed for the NASA
X-15 rocket-powered research craft, was adapted for
the Saturn S-1 booster. Called “Q-Ball,” Nortronics
modified the system’s electronics for the Saturn.
Relative dynamic pressures used to determine atti-
tude angles are sensed through fixed ports in the
Saturn nose cone. The X-15 “Q-Ball” incorporated
a movable sphere which is servo-mechanized to
point into the relative wind at all times.

Two important optical developments were re-
corded in 1961 by Nortronics. A panoramic rear-
projection viewer for interpreting aerial reconnais-
sance film was produced for the Bureau of Naval
Weapons. The new viewer automatically computes
ground distances from 70 millimeter panoramic
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film. The Air Force received the first of six giant
600 millimeter ballistic cameras designed by Nor-
tronics to photograph the flight paths of missiles
and space vehicles. Installed throughout the Atlan-
tic Missile Range, the huge instruments can locate
lighted objects up to 1500 miles distant with ex-
treme precision.

Engaged in the Army Hawk missile program since
its inception in mid-1954, Nortronics had delivered
over 40,000 airframe and ground handling system
units by the 1961 year-end. Northrop designed the
missile airframe, mobile launcher, tracked missile
loader and associated ground equipment.

A full-tracked, lightweight amphibious vehicle
called Versatrac that can be used as a personnel or
weapons carrier, rocket launcher, or multi-purpose
engineering vehicle was developed by Nortronics as
a derivation of the Hawk missile loader.

A contract covering development of chaff dispens-
ing rockets for use in weather research was awarded
to Nortronics. To be tested at the Wallops Island
test site, the rocket dispensers are designed to erect
a continuous and uniform column of shredded alu-
minum chaff from the earth’s surface to an altitude
of 50,000 feet in three to five minutes. Wind veloc-
ity will be measured by tracking the chaff with
radar.

Another important development in Nortr.oni'c's
countermeasures and explosive ordnance activities
was receipt of a contract for design and production
of penetration rocket launchers to be used on the
B-52H global ballistic missile bombers of the Stra-
tegic Air Command.

NORTHROP INTERNATIONAL

A substantial increase in activities marked North-
rop’s international operations during 1961. In ad-
dition to continued technical assistance by a 12-man
management and engineering team assigned to five
NATO nations in Europe to support the Hawk
air-defense missile program, Northrop established
licensing agreements in France and Japan. The
agreement in France authorized the manufacture
of Northrop-designed Datico automatic _checkout
systems while the licensing arrangement n Japan
called for production of Radioplane Division target
drones.

Through its permanent offices in Tokyo and
Paris, and representatives in Germany and Ttaly,
Northrop supported intensive evaluations of several
major products. These included NATO country
evaluation of the T-38 supersonic jet trainer to fill
the requirement for an advanced pilot trainer and
study of Northrop's automatic checkout systems
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for application to new weapons which were pro-
grammed into free world inventories in Europe
and the Far East.

PAGE COMMUNICATIONS ENGINEERS, INC.

Through its subsidiary, Page Communications
Engineers, Inc., Northrop started development of
an experimental satellite communication retay capa-
ble of transmitting messages via passive orbiting
satellites. The relay will permit voice and teletype
transmissions through 2,000 miles of space between
upstate New York and the British West Indies. The
system was expected to provide criteria for develop-
ment of a full-scale satellite communication system
for the military.

Another significant new task undertaken by Page
includes the design of two long-distance VHF
ground-air-ground antenna arrays for the Federal
Aviation Agency. They will be used in tropospheric-
scatter experiments to determine if this type of com-
munications can be used in long-distance air traffic
control and are part of the FAA program to estab-
lish a tropospheric “forward scatter” radio commu-
nication system on air routes across the North
Atlantic. High-frequency communications on these
routes are sometimes interrupted for as long as 24
hours by solar disturbances and auroral blackouts.
The VHF troposcatter mode is not affected by mag-
netic and solar disturbances, and will provide direct
contact between air traffic control and the pilot.

The new Luzon Microwave Relay Communica-
tion System built by Page underwent performance
tests before final acceptance by the Signal Corps in
mid-year. The system connects three military com-
munications on Luzon in the Philippine Islands and
interconnects with the Pacific Scatter Communica-
tions which was installed by Page a year earlier.

UNITED STATES UNDERSEAS CABLE
CORPORATION

In July, the U.S. Underseas Cable Corporation,
jointly operated by Northrop Corporation, Felton
& Guilleaume, ot Germany, and Phelps Dodge Cop-
per Products Corporation, was awarded a contract
to provide a 700-mile cable extension for the uU.s.
Atlantic Missile Range.

The contract calls for USUCC to design, manu-
facture and install the extension from Turks Island
in the Bahamas to Ramey Air Force Base, Puerto
Rico, and thence to Antigua in the Leeward Isiands.
Submarine cables play a key role in Atlantic Missile
Range operations, enabling instantaneous return
of missile tracking and telemetry information from
down-range stations back to Cape Canaveral.
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growing new aircraft ever introduced. The 51995
Colt is the lowest priced aircraft in its class on the
market and was developed as a truly low-cost, all-
around aircraft to put private air travel within the
reach of thousands of prospective pilots as did the
Piper Cub years ago. The Colt’s appeal so far ex-
ceeded company expectations that production quota
tor the first year was tripled to meet demand. Be-
cause of its gentle flight charactevistics and operat-
ing economy, the Piper Colt is particularly popular
with flying clubs and flight students. In Sweden,
after intense competitive trials, the Piper Colt was
named the official aircraft for all Swedish Aero
Clubs, resulting in an initial order for 30 Colts from
various Swedish organizations.

The twin-engine Piper Apache was selected for
all multi-engine training of pilots for BOAC, BEA
and other Commonwealth airlines by the newly
established College of Air Training, Hamble, %ng-
land. The first five Apaches delivered were flown
to England in formation flight. The twin-engine.
over-200-mile-an-hour Piper Aztec was chosen for
the pilot training program at the Thailand Govern-
ment’s aviation school in Bangkok. Both the Piper
Apache and the Piper Aztec were selected after
thorough comparison with similar-type aircraft on
the world market.

Max Conrad, in a twin-engine Piper Aztec, again
made aviation history, flying 25,946.5 miles around
the globe in 8 days, 18 hours and 36 minutes for an
average speed (totul elapsed time versus total dis-
tance) of 132.2 mph. The Aztec flight captured two
world “class” records and the U.S. National record
for Speed Around the World, smashing the previous
record which stood at 83.4 mph average speed over
a 23,456-mile course covered in 29 days.

Piper facilities were further expanded with com-
pletion of a new three-story, 41,500-square foot En-
gineering Center at the company’s headquarters in
Lock Haven, Pa. The Engincering Center houses
offices, experimental fabrication, and  static _;m(l
flight Ltesting operations, and consolidates projects
and personnel formerly housed in three separate
locations in the main plant. Work there will be
concentrated on twin-engine and higher perform-
ance single-engine aircraft, while cxperimethal de-
velopment of other Piper aircratt will continue at
the Vero Beach Development Center.

PRATT & WHITNEY AIRCRAFT
DIVISION

UNITED AIRCRAFT CORPORATION

Commercial and military planes using Pratt &
Whitney Aircraft JT3D turbofan engines began
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scheduled operations in 1961, and the companv
received orders for a variety of such engines. (The
turbofan differs from earlier turbojets in having a
large fan, powered by the engine turbines, at the
front of the engine. This enclosed, manv-bladed
fan pushes air back past the outside of the engine as
well as through it.)

The JT3D boosts the speed of a conventional jet
by 40 miles an hour, increases thrust by at least 25
per cent and yet offers from 20 to 25 per cent less
fuel consumption at cruise level.

Of the 35 domestic and foreign airlines using or
ordering Boeing and Douglas jet transports with
Pratt & Whitney Aircraft engines, 24 included tur-
bolan-powered planes.

The new Boeing 707-120B cruises at 640 miles an
hour, each of its four JT3D engines developing
17,000 pounds of thrust. The crew of one American
Airlines transport flew from New York to San Fran-
cisco in May in four hours and 43 minutes, clipping
about an hour from conventional jet schedules.

Besides the Boeing 707-120Bs and medium range
720Bs and Douglas DCB8-50s, some airlines use the
18,000-pound-thrust JT3D-3 on their interconti-
nental planes. Douglas also planned to use this
engine on its combined cargo and passenger air-
craft, the DC-8F Jet Trader. The JT3D-1 was cer-
tificated for commercial airline service July 22,
1960. The certificate for the new and more power-
ful JT3D-3 became effective May 18, 1961.

Pratt & Whitney Aircraft-designed thrust reversers
for use on JT3D engines in the Douglas DC-8-50
planes were delivered and flight-tested and gained
FAA approval in March. These thrust reversers first
entered commercial service on United Air Lines
and KLM planes. A Douglas DC-8-50 plane set an
unofhficial distance record in April by flying 6,900
miles nonstop from Long Beach, Calif., to Rome,
Italy, in 11 hours and 17 minutes at an averagé
speed of 612 miles per hour.

The only military airplane flying with turbofans
in 1961, the B52H, was powered by PRIVA engines.
This newest globe-spanning missile bomber made
its first flight March 6. Eight TF33 (JT3D) turbo.
{an engines produce 136,000 pounds of thrust, more
power than any plane in the free and, probably, the
Communist world. Besides new takeoff power and
climbing capabilities, range was increased over pre-
vious models, including the 10,000-111i1e—r:mge B52G.

During the year the United States Air Force
selected the T¥33P-7 (JT3D-8 in the commercial
version) turbofan engine, with g rating of 21,000
pounds thrust, to power the new Lockheed C-141
cargo and troop carrier transport. The choice of
powerplants followed a billion dollar order for 100
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of the four-engine transports to replace slower pis-
ton-engined aircraft in service with the Military Air
Transport Service.

Test cell operation of the JT8D, a 14,000-pound-
thrust turbofan developed entirely at company ex-
pense, began in April. This engine will power the
new three-engine Boeing 727 short-to-medium range
transport. Prototype engines, for airframe testing,
were scheduled for delivery to Boeing in 1962, and
production engines in the first half of 1963. Eastern
Air Lines, United Air Lines, American Airlines, and
Lufthansa have ordered a total of 117 of these new
planes in the 550-mile-an-hour class.

The Douglas Missileer aircraft program was can-
celled, but with Navy support development work
continued on the 10,000-pound-thrust TF30 turbo-
fan engine which was to have powered the Missileer.
Commercial interest centered on its possible use in a
two-engine short-range transport. This engine also
has potential application to the Air Force STOL
(short takeoff and landing) fighter and Navy close
support aircraft. The first of four experimental
JTF10s, commercial versions of the TF30, scheduled
for delivery to SNECMA, was shipped to France
in March. This engine was being used to develop
an engine afterburner and thrust reverser combina-
tion to meet the performance requirements for a
new French military airplane.

A total of 436 JT3D turbofan engines had been
delivered to commercial operators of Boeing and
Douglas transports by the end of 1961. A total of
827 JT3 (J57 in the military version) straight jet
engines had been delivered since 1958, when the
U.S. commercial jet age began, and a total of 999
JT4s (J75s in the military version) had been de-
livered.

Approximately 25,000 jet military and com-
mercial engines have been manufactured by Pratt &
Whitney Aircraft since 1948. Total engine hours
accumulated as of December 31, 1961, were
23,513,000, of which 6,161,000 were in commercial
service.

In August, the JT3 straight jet engine became the
first of its kind designed and manufactured in the
Upited States to be permitted to fly 2,200 hours
without an overhaul. The FAA granted the TBO
to Trans World Airlines. This rise from 800 to
2200 hours TBO was done in less than three years
of operation. ‘This means that as the engines com-
plete their TBO spans, each will have flown more
than a H_lllllon miles—a distance equivalent to two
round trips to the moon.

The TWA time between overhaul for the JT4
which develops 16,800 pounds of thrust, was 2,000
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hours, and the TBO for the JT3D put into service
by American Airlines only in March, 1961, was set
at 1200 hours a few months later.

The FAA issued a type certificate for the JT3C-12,
a straight turbojet engine developing 13,000 pounds
of dry thrust. This is a growth version of the 12,000-
pound thrust JT3C-7 engine and will power new
Boeing 720 models. Like the earlier C-7 series en-
gine, the JT3C-12 is a lightweight commercial ver-
sion of the famed ]57 turbojet engine. The JT3C-
12 does not use water injection.

The Navy Bureau of Ships entered into a joint
program with the company for the development of
a new marine prime mover employing an aircraft
jet engine. Under the program, a J75 engine will be
modified and mated to a free turbine to produce the
desired horsepower. The propulsion unit will be de-
signed to power advanced hydrofoil vessels and
could also be used to provide “boost” power in
other types of Navy ships. The designation FT4A-2
was given to the power package that will combine
the gas generator and the power turbine and acces-
sories.

The division’s smallest straight jet engine, the
JT12, or J60 in the military version, prove(l itself
in service during the year, accumulating more than
1,000 flights. The Lockheed C140 JetStar utility
transport powered by four JT12s, flew nonstop from
California to Florida at altitudes up to 42,000 feet.
A North American T39 Sabreliner trainer-transport
powered by two JTI12s, flew the Atlantic Ocean
from Madrid, Spain, to New York, a distance of
3,873 miles, in an elapsed flying time of nine hours,
30 minutes. The small rugged engine weighing 436
pounds and developing 3,000 pounds of thrust also
powers Canadair's CL41 and the Fairchild SD5
surveillance drone.

New uses for this engine resulted when Lockheed
Aircraft Corporation picked the JT12 as the power-
plant for its twin-jet Hummingbird, a jet research
aircraft designed to rise and descend vertically and
hover in the air. The West German government
purchased some of the engines to power high alti-
tude research gliders.

JFTDI2 free turbine drive engines derived from
the JT12 were shipped to Sikorsky for installation
in prototype models of the twin-engine Sikorsky
$64 Skycrane to be flight-tested later in the year. The
JFTDI12 weighs only 870 pounds but develops 4,050
horsepower. An industrial version of this engine,
designated the FT12, will have a maximum rating
of 8,000 horsepower. Prospective uses of the FT12
include primary and boost power for ships, high
pressure pumps and compressors, electric power
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generation, and propulsion for large ground ve-
hicles such as military tanks and earth-moving
equipment,

The North American GAM-77 Air Force Hound
Dog missile became operational during the year. It
is powered by the 8,500-pound-thrust J52. The J52
was performing creditably in the Grumman AZ2F
Intruder, a Navy low-level attack bomber with
seeing-eve ability, and will also be used in the
Douglas A4D. A [52-powered A4D-5 flew for the
first time July 12.

Air Force orders were received for engines to
power 30 Boeing C135 jet transports, with deliveries
beginning in June. The C135 is a modified version
of the KC135 jet tanker used by the Air Force for
inflight refueling of jet bombers.

The ]57, basic jet engine from which other Pratt
& Whitney Aircraft engines have derived, was the
powerplant for three of the Century series fighters—
the North American F-100, the [win-engined Mc-
Donnell F101, and the Convair F102. It was also
serving the Navy as the engine for the Chance
Vought F8U and Douglas F4D fighters, and the
Douglas A3D shipboard attack bomber. .

The most powerful turbojet engine in I)I'OdllCt.lOIl
in the free world is the J75. In its military version,
with afterburner and water injection, it produces
26,500 pounds of thrust. The engine was being used
in both the Convair F-106 interceptor and the
Republic F-105 fighter-bomber.

Development work on the 30,000~pound-thrust-
class J58 continued.

Westinghouse Electric Corporation zmnounced. m
1960 it was disbanding its aviation gas tul:bme
division. At the Navy's request, Pratt & Whitney
Aircraft assumed the service, spare parts, an(l-en-
gineering support for the more than 2,200 W’estlr.lg-
house J84s still in the Navy's inventory, effective
January 1, 1961.

The versatile PT6 free turbine engine develol.)ed
by Canadian Pratt & Whitney Aircraft for CiYillall
and military markets had its first prototype a.irframe
application in Hiller Aircraft’s new helicopter,
Model 1099, which began flying July 14. The turbo-
shaft version weighs 225 pounds and dev.elops 4‘50
horsepower. The turboprop version (?emgn.ed for
light to medium single and multi-engine aircraft,
including VTOL types, weighs 250 Pounds le.ld
develops 500 horsepower. The PT6 first was air-
borne in late May in the nose of a Beech 18 Fon-
verted to a flying test bed. The tes‘t bed 11‘.15 since
accumulated many hours of high altitude flying and
completed a calibration to 24,000 feet, after more
than 2,500 hours of development running. The
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PT6’s official 50-hour preflight rating test run to
Navy specifications was completed in July.

The LRI115 liquid hydrogen rocket engine de-
velopment program continued at the division’s
Florida Research and Development Center. The
LR115 produces 15,000 pounds of thrust. Two of
these engines, harnessed in a pair, will power the
Centaur as an upper stage of an Atlas booster.
Under original planning this system will be capable
of putting a four-ton satellite in a 300-mile-high
orbit around the earth, or sending a lighter pavload
on deeper space probes. NASA also planned to use
six LR1115s in an upper stage of the huge Saturn
missile atop a cluster of rockets delivering approx-
imately 1,500,000 pounds of thrust, and aimed to
lift a heavy payload into orbit. The LR115, the
nation’s first liquid hydrogen rocket engine, was
designed to make multiple starts in space after
coasting for hours. Because of these restart capa-
bilities, a satellite could be placed so exactly in orbit
that it would remain over a single point on the
earth’s surface 24 hours a day.

To aid in developing new materials for space,
aircraft and industrial powerplants of the future,
Pratt & Whitney Aircraft established in September
a new Advanced Materials Research and Develop-
ment Laboratory at the division’s North Haven,
Conn,, plant. The main goal will be development
of high-strength materials, alloys for service at ex-
treme temperatures and materials for energy con-
version devices.

On March 30, 1961, the Aircraft Nuclear Propul-
sion program was cancelled at the Connecticut Air
craft Nuclear Engine Laboratory (CANEL) in
Middletown, Conn. Part of the ANP work on
materials and reactor component development work
continued for the Atomic Energy Commission.
NASA also awarded a contract for the design and
construction by CANEL of a “Space Radiator and
Condenser Facility” in Cleveland. A small contract
with the Air Force for materials research and de.
velopment work also was received after cancellation
of the basic ANP program.

In March the Army Ordnance Missile Command
announced successful firing of an improved high
energy, solid propellant rocket motor using a light
weight high strength motor case made of titanium.
The case was designed jointly by PRwA and
Thiokol Chemical Corporation’s Redstone division,
and was built by Pratwt & Whitney Aircraft. The
company delivered many Army Pershing rocket
motor cases to Thiokol during the year.

In April steel missile cases made by P&WA were
used successfully for the first time on 3 new army
missile. A two-stage Pershing ballistic missile was
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fired at Cape Canaveral, and raced down the Atlan-
tic missile range for an undisclosed distance.

The successful testing of a new high-strength stcel
rocket motor case, designed and built by Pratt &
Whitney Aircraft, also was announced in October.
The testing was part of a development program for
the Special Projects Office of the Bureau of Naval
Weapons.

A large segmented rocket motor case also was
completed and delivered to United Technology Cor-
poration, a subsidiary of United Aircraft Corpora-
tion, in May, and tested successfully.

Significant development progress was made on
fuel cells, which convert chemicals directly into
electricity. Most of the research work was done on
electrodes. NASA awarded the company a contract
for development of this new power system. The fuel
cell has potential applications in the space and in-
dustrial fields.

The division continued its study and investigation
also of a magnetohydrodynamics (MHD) power
generator. The basic power concept, which uses
high velocity gases through a magnetic field as the
power source, appeared to have a good long-term
potential for military use and ultimately for central
station power generation.

The nation’s first jet engine-powered electrical
generator to serve homes and industries was being
prepared for installation at Hartford, Conn. In this
pioneering step, a modified J57 engine—the same
powerplant used for modern commercial jet trans-
ports and military aircraft—is harnessed to a genera-
tor to produce from 8,000 to 10,000 kilowatts. This
power package was to be operational in mid-1962 as
augmentation for the larger steam-operated plants
now used by the Hartford Electric Light Company.

Another modified J57 gas turbine installed near
Clementsville, Ky., was powering a compressor push-
ing 600 million cubic feet of natural gas daily
through the long-distance lines of the Columbia
Gulf Transmission Company. The unit was de:
veloped in cooperation with the Cooper-Bessemer
Corporation. Since its installation late in 1960, the
}0,000-horsepower unit has accumulated approx-
imately 8,000 hours of operation.

These units are the first industrial adaptations of
the P&WA family of aircraft gas turbines. Other
l;‘;:"v‘zrr ([;:;::tgneli were pla.nned by the Industrial

L wera: nt in a wide range ol horsepower,
2Ztural gasxl;eec[trej to find widespread use in the

; €um, and petrochemical indus-

tries, in_eleCtric"‘l Power generating and in marine
applicatlons.

Employment at the end of 1961
imately 40,000.

was approx-
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RADIO CORPORATION OF AMERICA
DEFENSE ELECTRONIC PRODUCTS

Radio Corporation of America’s increasingly im-
portant role in space and defense was centered dur-
ing 1961 in the corporation’s Defense Electronic
Products activity, comprised of six separate divisions
specializing in a variety of areas vital to national
defense and expanding space technology.

Astro Electronics Division, outside Princeton,
New Jersey, was the center of the majority of space
work underway at RCA. This is the Division which
designed and developed the successful tamily of
Tiros weather satellites for the National Aeronau-
tics and Space Administration (NASA). NASA desig-
nated the AED group to construct the Project Relay
experimental satellite to test the feasibility of trans-
oceanic telephone, telegraph, and television com-
munications using an active repeater satellite. QOther
important projects underway at the Princeton Di-
vision included development of the television system
which the Ranger space craft will carry in the pro-
gram to explore the moon, and work on the Nimbus
program.

RCA was selected by the Air Force as prime con-
tractor for a research and development program to
demonstrate the feasibility ol a Satellite Inspection
System. This work was centered in its own special
project activity at Burlington, Mass.

Key military activities were being performed at
the five other Defense Electronic Products Division.

Major Defense Systems Division, Moorestown,
New Jersey, was prime contractor for the Air Force’s
Ballistic Missile Early Warning System (BMEWS),
which comprises long-range radar bases in Green-
land, Alaska, and England. This huge project in-
volves participation by more than 2,000 subcontrac-
tors and all three Service branches. With the Thule,
Greenland, and Clear, Alaska, sites already on Auto-
matic Operating Capability, and the Yorkshire,
England, site well under construction, the BMEWS
program is now entering its maintenance and opera-
tional phase.

Moorestown Missile and Surface Radar Division,
Moorestown, N. J., was prime contractor for the
Downrange Anti-Ballistic Measurement Program
(DAMP). Under contract to the Advanced Research
Projects Agency (ARPA) and the Army Rocket and
Guided Missile Agency (ARGMA), RCA outfitted
the U.S.A.S. “American Mariner” with precision
radar and other electronic and optical equipment
and operated her from 1959 through the present on
the Atlantic Missile Range, studying the behavior
of ballistic missiles fired from Cape Canaveral,
Florida, as they re-enter the atmosphere. The Mis-
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sile and Surface Radar Division was also working
on an Army contract for the development and
fabrication of an advanced tracking radar called
TRADEX, which will be located on Roi-Namur, an
atoll in the Pacific. The program was aimed at
development of new concepts and techniques in
anti-missile defense. This Moorestown group was
also responsible for development of the FPQ-6, a
giant new radar capable of tracking space vehicles
up to 32,000 miles.

Aerospace Communications and Controls Divi-
ston, with production and administrative facilities
in both Camden, N. J., and Burlington, Mass., was
performing on a wide variety of defense contracts.
This division was charged with development of a
complete communications subsystem for the Dyna-
Soar test program, which has as its overall objectives
manned orbital flights, manned suborbital {lights,
and ultimately, a weapon system. RCA’s participa-
tion with prime contractor Boeing Airplane Com-
pany involves development of a tracking neu\jork
for Dyna-Soar utilizing data link communications
techniques. ACCD was also performing on several
major data link programs for the Air Force. The
Division was responsible for produc[ion of DATS,
a Dynamic Accuracy Test Set, which automatically
checks out the weapon systems of Air Force fighters,
and Digital Evaluation Equipment, which performs
automatically a comprehensive sequence of tests
and checks, isolates defects, and records test results.
This equipment successfully checked out selected
components of a number of missiles.

Data Systems Division, Van Nuys, Calif., was sub-
contractor to Convair for development and produc-
tion of automatic checkout and launch control
equipment for the nation’s first operational ICBM',
Atlas. This equipment reduces the previ011.sl}" te'dl-
ous countdown from hours to minutes, MINIMIZEs
launch failures and provides reliability through a
rapid test of sub-systems and other Componemh:.
This division, which, as its name implies, is pri-
marily charged with application of data-handling to
defense projects, also developed an advanced,
trailerized version of the Atlas Pre-Flight (lheck()u‘t
Equipment (APCHE), known as M;\I’CHE.. Thls
is for use with dispersed “E” Series Atlas Mlssd‘es.
Data Systems Division also provided the powerl.ul
and versatile eground checkout computer system for
use in conne(\:'tion with NASA’s important Saturn
program. An RCA-110 computer comprises the
“heart” of the checkout sj‘stem.

Swurface Communications Division, with produc-
tion facilities in Camden and Cambridge, Ohio, and
research laboratories in New York and Tucson,
Arizona, was involved in a number of important
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communications programs for the military. It is
this division which was assigned prime responsibil-
ity for the Army Signal Corps’ Micromodule Pro-
gram, which produced dramatic advances in the
miniaturization of electronic components. Work on
this project was continuing. Meanwhile, Surface
Communications Division was handling RCA's par-
ticipation in the long-range planning and improve-
ment of communication systems for the Army and
Air Force. Some of the major production contracts
being performed on by Surface Communications
Diviston included: ground launch control equip-
ment for the Air Force Minuteman Program (Boe-
ing Airplane Company is prime contractor); com-
munications equipment for Polaris submarines; and
Mobile Radio Relay equipment (AN/GRC-50).

REPUBLIC AVIATION CORPORATION

In 1961, Republic Aviation Corporation marked
its 30th anniversary by continuation of a strong
F-105DD Thunderchief production program, high-
lighted by delivery of the all-weather fighter-bomber
to the U.S. Air Forces in Europe; acceleration of
space age projects in the newly-dedicated Paul
Moore Research and Development Center, and the
receipt of new and follow-on contracts in many
aerospace areas.

Throughout the year Republic continued sched-
uled deliveries of the F-105D to the U.S. Air Force.
In October, the Air Force announced that it placed
a $46,900,000 contract with Republic for additional
numbers of the 1,400 mile-per-hour Thunderchief.
This followed closely an announcement earlier in
the month that more than 60 of the tactical jet
fighters had been ferried across the Atlantic to the
36th Tactical Fighter Wing in Bitburg, Germany.
The F-105 was hrst deployed to Europe in May and
official acceptance ceremonies were held at the Paris
Air Show in June.

The versatile aircraft continued to show examples
of the wide range of missions for which it was
designed. General Frank Everest, then commander
of the Tactical Air Command, which employs the
F-105 in the U.S., announced in October that‘a suc-
cessful 1,520-mile non-stop mission by an F-105D
was performed flying blind at altitudes of from 500
to 1,000 feet. The mission, designed (o de
the aircraft’s automatic, all-weather

monstrate
capability at
levels “underneath” enemy radar detection, ;lls(l, in-
cluded a simulated low-level nuclear bomb delive

At mid-year two examples of the assortment of
weapons carried by the Thunderchief were ex-
hibited. Stressing its limited war

ry.

capability, the
F-105 dropped 26 conventional 565-pound bombs
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on a single flight. It was the largest bomb load ever
carried aloft by a single-engine fighter. A month
later, the first launching of the Bullpup (GAM-83A)
air-to-surface missile from the aircraft was an-
nounced, adding to the more than 4,000 variations
in conventional weapons that can be carried by the
Thunderchief.

Earlier in the year, an F-105 was piloted from
Nellis AFB, Las Vegas, Nev. to Langley Field, Va.
non-stop in three hours. An average speed of 730
miles-per-hour was maintained over the 2,200 mile
run.

In May the Air Force authorized Republic to
develop a highly advanced, all-weather, airborne
reconnaissance and battlefield surveillance system
which will be incorporated in the F-105D. The sys-
tem will mark the first “marriage” of an all-weather
reconnaissance unit to an all-weather weapons
system.

Throughout the year the F-105 participated in
many military maneuvers designed to test and dis-
play the U.S. coordinated deterrent force. Opera-
tion Cross-Feed, held at Nellis AFB, provided the
U.S. Army command with first-hand information on
the ability of the Thunderchief to destroy ground
targets and give necessary air support to the advanc-
ing infantry and mechanized units under all-weather
conditions.

In Operation Solidarity, the F-105 was involved
with the combined forces of the Army, Navy, and
Air Force, and the military forces of Peru, Colombia
and Panama, in a mock attack on the Canal Zone.
Flying many 2,000 mile ground support sorties from
Puerto Rico and return, the F-105 exemplified the
effectiveness of TAC’s Composite Air Strike Force
(CASF) method of dealing with limited wars at
great distances in a matter of hours.

The F-105 continued to serve the Tactical Air
Command with the 4th Tactical Fighter Wing and
the 4520th Combat Crew Training Wing.

Maintenance and service on Republic's F-84F
Thunderstreak and RF-84F Thunderflash was still
being provided by Republic Aviation International,
wholly-owned subsidiary in Lugano, Switzerland.
The ‘F’ with a primary mission of fighter-bombing
and the ‘RF’ with its mission of photo reconnais-
sance were in service with 13 allied and NATO
nations. The earlier F-84 Thunderjet was in service
with seven allied nations.

In May, Thunderﬂashes, placing first in two of
four categories and totaling the highest point score

for all typfis of aircrafy competing, played a promi-
nent part in Royal Flush vy,
naissance competition,

NATO’s annual recon-
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F-84s and RF-84s assigned to Air National Guard
units, took part in Operation Swift Strike, the larg-
est peacetime military maneuver held in the U.S.
since World War II.

Working toward the future generation of manned
military aircraft, Republic logged its seventh year
of investigation in Short Takeoff (STOL) and Ver-
tical Takeoff (VTOL) aircraft. Early in the year,
Republic unveiled some 20 VTOL and STOIL. de-
signs which have been developed, ranging from
supersonic fighter-bombers to long-range reconnais-
sance and transport planes.

Following up on its cost reduction program
started in 1959—the initial success of which was
reported last year—Republic staged a further meet-
ing with parts and materials suppliers termed ““Proj-
ect Second Wind.” Some 70 major subcontractors
attended the session designed to reduce cost on the
Thunderchief fighter-bomber. It was announced in
July that over 90 per cent of the original off-site cost
reduction goal (30 per cent) had been accomplished,
representing a saving of $30 million. The new
target for fiscal 1962 is half again as much or an
approximate 40 per cent overall reduction in the
major part of the off-site program. If the fiscal year
1962 target goal is met, both in on-site and off-site
cost reductions, the cost of each F-105D will be
shaved by more than one million dollars each.

The field of Research and Development was high-
lighted by the official dedication of the Paul Moore
Research and Development Center. Named for one
of the company’s original founders, the $13 million
dollar complex—part of a multi-million dollar pro-
gram implemented for the development of advanced
forms of aircraft, missiles, and spacecraft—is unique
in that it houses a wide variety of scientific labora-
tories comprising the most modern equipment in
the industry, all under one roof.

At the dedication ceremonies, a man-carrying
space ship, identified as forerunner of the type of
vehicle to be used to circumnavigate the moon, was
unveiled. The full-scale model, 10 feet high and
12 and-a-half feet in diameter, is designed to carry
a three-man crew on a 14-day reconnaissance orbit
of the moon. It could also be used as an earth
orbiting laboratory. The space ship is one of five
advanced aeronautical and astronautical projects
currently under way in the Research and Develop-
ment Center. The operational analyses and design
studies being performed on the lunar orbiting vehi-
cle, a project supported by company funds, repre-
sented the more than 29 new technological areas in
which Republic scientists and engineers are con-
ducting investigations.

Throughout the year, work progressed in the
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field of high temperature hydraulics under the third
Air Force contract issued in 1960. Performed by
the Fluid Systems Laboratory, the third-phase con-
tract calls for development of a prototype hydraulic
aileron power control system capable of operating
at temperatures ranging from 20 to 1000 degrees
Fiahrenheit and for tests and development of leak-
prool power systems.

[t was announced in September that a research
contract leading to the improvement of structural
design requirements for aerospace vehicles had been
received by the company. Under the contract, a
comprehensive investigation will be made not only
of vehicle structures, but also of internal compo-
nents such as piping, electrical harnesses, and equip-
ment supports. The scope of the study will include
the period a flight vehicle exists from the earth’s
atmosphere, its operation in space, and the critical
structural phase of atmospheric re-entry.

Work continued under contract with the Na-
tional Aeronautics and Space Administration for
specific orbit determination programs, including
lunar orbit studies and planetary missions, and m
the space trajectory studies field, under contracts
received from the Air Force’s Wright Air Develop-
ment Center and Cambridge Research Center.

Research and development furthered experimen-
tation on projects concerned with the support of
life in space including the growth of plants in a
moon-like environment and development of a closed
ecological system.

Following a previous announcement that a pro-
totype magnetic pinch plasma engine, developed
by Republic under contracts from the Oﬁice_ of
Naval Research and the Air Force Office of Scien-
tific Research, had been run continuously for more
than 118 hours, the company started in March to
expand its plasma propulsion activities. It invol\"ed
the doubling of laboratory personnel and the btiil(l-
ing of one of the largest electrical propulsion testing
facilities in the country.

An Air Force contract for the building of a com-
pact, battery-powered pinch plasma engine was re-
ceived from Wright Aeronautical Systems Division
in July. Prior to the contract award, tlemonstra-
tions of an experimental model—the third version
of the plasma propulsion engine built by the com-
pany since 1957—had been made at the electrical
and advanced propulsion branch of the Pto.ptllsmn
Laboratory of the Aeronautical Systems Division at
Wright Field. .

In October, leading members ol the nation’s press
witnessed a special demonstration of the pl;isinya
pinch engine. It was the first time i(epnblic‘s
unique electric engine, capable of operating indefi-
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nitely by battery and solar cell power, was run
before a public group.

The use of the engine has wide-range potentiality
to propel and “steer” space ships from planet to
planet with pinpoint accuracy, and for other mis-
sions that include control for reconnaissance and
communication satellites for military and commer-
cial purposes.

During the year, Republic’s helicopter division
introduced the Lark, the company’s version of the
Alouette helicopter designed by Sud Aviation of
France which Republic continued to assemble and
market in North America. The Lark, designed pri-
marily for military use, is a five-place jet-powered
helicopter which provides for two internal litters
plus an attendant. The aircraft has logged over
400,000 hours of flying time under all climatic and
weather conditions, including active military serv-
ice. The Lark features an adaptability for sea and
land-based operations such as observation/recon-
naissance, aero-medical evacuation, external cargo
carrying, air sea rescue, wire laying, nuclear con-
tamination surveying, and turbine engine training.

The Missile Systems Division earlier in the year
received a follow-on order for additional guidance
systems for the all-weather version of the Navy’s
Bullpup missiles.

Three Air Force contracts were let which called
for advanced research into space electromagnetics,
while three other were received from the Army Sig-
nal Corps and the Marine Corps involving qualifi-
cation tests for the company’s subminiature elec-
tronic modules and work in the field of surveillance
drones.

Completion of a new half-million dollar Manu-
facturing Research Laboratory, believed to repre-
sent the largest installation of advanced research
equipment of its kind in private industry, for devel-
oping advanced, improved techniques for produc-
tion of aerospace systems bolstered Republic’s
rapidly-growing Space Age capabilities.

At the start of the year, it was announced that
Republic’s Special Products and Services depart_
ment received follow-on orders for plastic radar
reflectors to be used in connection with the Tartar
surface-to-air shipboard missile. The reflector con-
tract is the seventh such order received during the
past two years. The rellectors are oval-shaped,
weigh 326 pounds, and are eight feet in diameter.
Made from a Republic-developed and formulated
re-inforced plastic, they are designed to withstand
a shock load of 160,000 pounds and theiy completely
smooth exterior prevents ice accumulation.

Later in the year, the Special Products and Serv-
ices department received another follow-on order
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for additional GAM 83 Bullpup adapter assembly
components. The adapter assembly is similar to a
wing pylon designed and manufactured by Republic
used for carrying the Bullpup air-to-surface missile
on the F-105 Thunderchief.

Republic’s Manufacturing Research department,
in January, received a contract for the development
of extrusion processes for titanium metal from the
Air Force. The contract covered advance phases ol
the company’s intensive study into new techniques
for handling the high-strength, difficult-to-shape
metals needed in advanced aircraft and space
vearicles.

A study contract for investigation of the use of
electrical discharge to form high-strength metals
was awarded to the department one month later
by the Marshall Space Flight Center, NASA, Hunts-
ville, Ala.

Two basic methods were being compared as to
their efficiencies in shaping stainless steel and alumi-
num alloys. The first involves the deformation of a
metal workpiece by shock waves created in a liquid
medium. In the second method, known as inductive
repulsion forming, an induction coil is placed in
close proximity to the workpiece and insulated from
it; during the electrical discharge, opposing cur-
rents in the coil and metal produce a magnetic force
which repels and deforms the metal away from the
coil.

In a joint effort of Manufacturing Research and
Processes and the Structures Group, a development
contract for the design of fasteners—the special
rivets, bolts, and other mechanical devices needed
in spacecraft construction—that can withstand the
stresses of space flight was received from the Air
Force. Employing alloys of bolybdenum, colum-
bium and tungsten, engineers will work toward
development of fasteners that will hold up in a
temperature range of from 2,000 to 4,500 degrees
Fahrenheit.

At mid-year it was announced that a possible
merger between Republic and ACF Industrices,
Inc., under study for some time, was no longer being
considered because of a mutual decision that a
merger did not offer sufficient advantages to the
two companies.

Republic closed the third quarter of 1961 with
a backlog amounting to $609,000,000.

For the nine months’ period ending September

30, 1961, a net income of $7,532,062 on sales totaling
$256,755,599 was reported.

RYAN AERONAUTICAL COMPANY

New dimensions of aerospace mobility were pro-
jected by Ryan Aeronautical Company in 1961 with
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two major projects—the revolutionary new Flex
Wing, and the tri-service VTOL military transport.

At the same time, space clectronics assumed an
increasingly prominent role at Ryan Electronics,
which was selected to design, develop and fabricate
radar altimeters for the Saturn and Surveyor space
vehicles.

Meanwhile, use of the Ryan Fircbee jet drone,
world's most widely used free-flying target, was fur-
ther broadened; deliveries of Ryan Ilectronics’ con-
tinuous wave Doppler radar automatic navigation
systems to U.S. and European military customers
were accelerated; and production of giant aft fuse-
lage sections for the Boeing KC-135 jet tanker and
the C-135 cargo transport was stepped up to cope
with increasing world-wide logistics pressures.

Ryan unveiled its unique Flex Wing flying test
bed and immediately launched a flight testing pro-
gram for the Army Transportation Research Com-
mand at Brown Field, near San Diego. The Na-
tional Aeronautics and Space Administration gave
Ryan engineers another assignment—to study means
of utilizing the Flex Wing as a paraglider to recover
the extremely expensive Saturn booster and return
it to a predetermined area for re-use.

And while the flying test bed program continued,
the Army Transportation Research Command
awarded Ryan a contract to determine the Flex
Wing's adaptability as an unmanned towed glider,
capable ol multiplying sixfold the cargo carrying
capacity of Army helicopters and fixed wing aircraft.

Meanwhile, for other agencies, two more Flex
Wing contracts were being performed but details
were not publicly disclosed.

The flying test bed is described by the Army as
the world’s first manned, powered version of the
basic flexible wing concept originated by Francis
M. Rogallo of NASA. In contrast with the conven-
tional wing composed of a rigid skin covering a
forming structure, the Ryan Flex Wing consists of a
membrance of flexible plastic coated cloth attached
to a center keel and two side members.

It is considered a major advance in the field of
aerodynamic structures by providing an extremely
lightweight, large lift service to give various air-
borne vehicles maneuverability and extremely slow,
controlled flight. Its applications range a wide
spectrum.

In partnership with Ling-Temco-Vought of Dal-
las, Texas and Hiller Aircraft Corp. of Palo Alto,
California, Ryan will help develop and build five
experimental tilt-wing VTOL military transports
in a tri-service program which may exceed $70 mil-
lion over a {our-year period.

The three-company team was selected following
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at its broadest end. The gore, one section of an
elliptical dome which can be used on very large
rocket fuel tanks, was shaped on a 40-ton concrete
Fiberglas-faced die, one of the largest of its kind in
the world.

More than five years’ production of pods and
pylons, and buildups of 480 jet engines for the DC-8
transport was completed during 1961. The work
totaled nearly $100 million.

Ryan activities, which had been distributed
among six operating units, were consolidated, for
most economic and efficient operations, into three
principal plant facilities—the Aerospace plant at
Lindbergh Field, San Diego; the Electronics engi-
neering and research facility at Kearny Mesa, San
Diego; and the electronics production plant at
Torrance, California.

Ryan sold its Pasadena subsidiary, Aerolab De-
velopment Company, and its interests in two other
subsidiaries, Communications, Inc., of Canoga Park,
California, and Transdata, Inc., of San Diego.

Robert C. Jackson was promoted to President of
the Ryan Aeronautical Company effective Novem-
ber 1, 1961 and T. Claude Ryan, who had held that
position as well as Board Chairman, continued as
Chairman and Chief Executive Officer. Jackson
previously had been Executive Vice President and
Vice Chairman of the Board, posts which were
eliminated.

Jackson forecast that Ryan’s increasing reliance
on its own proprietary items will be demonstrated
during the current fiscal year, with approximately
75 per cent of 1961 sales stemming from prime con-
tracting of the company’s own electronic products
and target systems.

SCHWEIZER AIRCRAFT CORPORATION

Major production items at Schweizer Aircraft
during 1961 were the AG-CAT Crop Duster bi-
planes, and the tail sections and ailerons for the
Gulfstream G-159—both for Grumman Aircraft En-
gineering Corp. Also manufactured were 60 sail-
planes and trailers, plus a number of spare parts
and tow winches—all for the USAF.

Production of 1-26, 2-22C, and 1-23H sailplanes
for the civilian market reached a new high, when
by the end of July, the output equalled the entire
1960 total, as sales continued to develop during the
remaining five months of 1961. The number of
flights at the Schweizer Soaring School exceeded the

1960 figure, as interest in motorless flight continued
to grow.

A new, high-performance, all-metal

2-pl il-
plane, the 2-32, was under deVGIOPme place sai

nt,
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Tooling started on a new order from Sperry Gyro-
scope Co. Division, for parabolic discs for missile
range tracking installations, while another 100 AG-
CATS were ordered by Grumman.

SIKORSKY AIRCRAFT

Initial deliveries to operational squadrons of the
Navy's twin-turbine HSS-2 helicopter highlighted
a productive and eventful year at Sikorsky Aircraft.

Early in September five of the big turbocopters
flew across country to the Navy Auxiliary Air Sta-
tion at Ream Field, San Diego, Calif., to commence
crew training for Helicopter Anti-Submarine Squad-
ron 10. Several days later another five HSS-2s arrived
at the Naval Air Station at Norfolk, Va., to begin
indoctrination work with Helicopter Anti-Sub-
marine Squadron 3. Other deliveries followed.
Service with the fleet was expected to begin early in
1962.

The boat-hulled HSS-2, the world’s most ad-
vanced helicopter weapon system, is the Navy’s first
helicopter designed to detect, identify, track and
destroy enemy submarines while flying a full combat
mission. In preparation for fleet duty, the aircraft
was put through the most extensive test program
ever conducted for a new helicopter.

The HSS-2 also made two successful assaults on
world helicopter speed records during the year. On
May 17 it flew 192.9 miles an hour over a three-
kilometer course at Bradley Field in Windsor
Locks, Conn., for the fastest speed ever recorded
by a helicopter. On May 24 the HSS-2 was clocked
at 174.9 miles an hour over a 100 kilometer course
along the Connecticut shore from Milford to West-
brook for a second world mark.

The top helicopter speed attained previously in a
sanctioned speed test was 167.09 miles an hour made
in a 100 kilometer closed circuit by the Russian
Mil-6 Nov. 21, 1959. Sikorsky eclipsed its own mark
in the three kilometer class, its Marine Corps HR2S-
1 setting the previous record with a speed of 162.7
miles an hour Nov. 11, 1956.

In the first delivery of HSS-2s to the West Coast,
the five aircraft flew from Key West, Fla., to Ream
Field in 17 flying hours—an average of 150 miles an
hour for the coast to coast trip. This was the fastest
helicopter crossing of the country in history.

A Sikorsky helicopter carried America’s first astro-
naut on the final leg of his trip back from space.
When the capsule carrying Cdr. Alan B. Shepard,
Jr., plunked into the Atlantic Ocean May 5, a
Marine Sikorsky HUS-1 hoisted the astronaut into
the copter cabin, then flew both man and space ship
to the deck of a nearby carrier.
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of a liquid rocket engine without on-site loading
and with fuels that are impervious to temperatures.

Continued development of nuclear ion plasma
and high energy systems are being carried out at
Thiokol's facilities.

The company added to its capability during 1961
with the acquisition of Shawnee Industries, Inc., a
production capability for large hardware requir_efl
in the aircraft and missile industries. The acquisi-
tion of the Panalyte Industrial Plant in Trenton,
N.J., also gave the Company the capability of pro-
ducing high temperature laminated insulation
muaterial.

UNITED AIRCRAFT CORPORATION

United Aircraft Corporation moved nhenfl at an
accelerated pace during 1961 on its broad forward
program of research and development :m(-l.COIP
tinued to make significant progress in its traditional
areas of flight.

All four operating divisions of United—‘Pratt. &

Whitney Aircraft, aircraft and rocket engines, in-
dustrial and marine po\\'erplzlms_ fuel cells, and
space propulsion systems; Hamilton Standard, pro-
pellers and modern missile and turbine accessories;
Sikorsky Aircraft, helicopters, flying cranes, and
other advanced vertical lift vehicles; and .Norden,
electronic guidance and navigation equipment--
continued to broaden their dimensions during the
vear.
/ (Because each division functions autonomﬂously,
reports of the company’s technical and manufactur-
ing activities for 1961 are found under [ll(? names
of the individual divisions. The activities of I_Jmted
Technology Corporation, a SubSidim_’Y “'0"1‘1“8 on
the design and development of solid and liquid
rocket motors and propellants, are also reported
separately.) ) )

The corporation’s Research Laboratories re.ce‘l\."ed
a contract from the Aeronautical Systems D1v15.10n
of the Air Force Systems Command for t].le (lCSlgl']i
development, and testing of an ion cngine. Tli“
program constitutes a continuation of tl'le LZlbO.I a-
tories’ work on the ()scillating-electmn ion engine
for deep space missions. Another Air Fo}*ce conrtraft
was received during the year for 'contmued l?aslf
rescarch in the physics of ncceleran'ngr the partlcl.es
in an ion beam under neutral conditions. \V(‘)rk in
this area was expected to lead to smaller, lighter
engines of higher efficiency. L

The receipt ol two contracts by the corporation’s
Weather System Center early in the y'ca-r'marked A
realignment of responsibility for its Zl(?l'lVl[ICS. \VF]‘GI‘C
the center originally conducted a single, unified
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program as contractor for a new high-speed auto-
matic weather service, in 1961 it was working under
separate contracts from the Air Force and Federal
Aviation Agency involving two different sets of
requirements. Late in the year, the center went into
the test phase of its work with the completion of
test stations at Hanscom Field and Westover Air
Force Base in Massachusetts.

The name of United Aircraft Export Corporation
was changed to United Aircraft International, Inc.,
to define more precisely the subsidiary's activities
abroad.

United Aircraft maintained a high level of devel-
opment and production during 1960. In 1960, the
last full year for which figures were available, United
Aircraft reported a net income of $515,868,996 on
sales totaling $987,879,119. Total current assets at
December 31, 1960, amounted to 5379,338,384, com-
pared to current liabilities of S117,606,009. Con-
tracts, orders, and government letters of intent
amounted to S1,150,000. The corporation’s employ-
ment as of December 31, 1960, was 57,319.

HAMILTON STANDARD

During 1961, Hamilton Standard continued to
make significant progress on its diversification pro-
gram which has already resulted in over half of the
division’s business coming {from products introduced
since 1950.

Continuing its leadership in propellers, Hamilton
Standard in 1961 had in production the 54H6E0
model for the Lockheed C-130B, C-130E and Elec-
tra; 53C51 for the Grumman AO-1, and Hydro-
matics for the deHavilland Caribou, Douglas DC-6
and DC-7, and Lockheed Constellation. A newer
model, the 63E60, was successfully flown on a Gen-
eral Electric T-64 powered deHavilland Caribou.

Further advancing the state of the propeller art,
Hamilton Standard had several development pro-
grams for vertical take-off and landing and short
take-oft and landing aircraft underway during 1961.
Under Navy contracts, programs were carried on to
develop a variable camber propeller for the General
Electric T-61 (the variable camber propeller
blades in tandem which work in P
change in camber); an integral ge
which places the gear tr

mounts
airs to simulate
_ ar box propeller
ain on the propeller instead
ol the engine at a weight saving of approximately
15 per cent; and lightweight blades which featuré:
a fiberglass shell over y gtee] spar. In addition,
under a company-funde( program, a reliable re-

dundant propeller control for VTOL aircraft was
under development.

In the environmena] control field, production
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continued on systems for the military Boeing B-52H,
Douglas A4D-5, Chance Vought F8U-2N, Republic
F-105, and Grumman A2F and Convair B-58. For
passenger-carrying aircraft, systems for the Convair
880 and Lockheed JetStar were in production.
Development continued on the advanced system for
the 2000 mile-an-hour North American B-70 and
first hardware was delivered during the year.

As an extension of the company’s work in the
environmental control field, a regenerable carbon
dioxide removal system for manned space vehicles
was developed during the year and successfully
completed a 100 hour endurance test.

Engine control activity during the year centered
on the production of fuel controls for military and
commercial versions of the Pratt & Whitney Air-
craft J52, 157, 158, J60, 75, and JT12; Canadian
P&WA PT6; General Electric J79, T58 and T64;
and Lycoming T55. Work continued on the devel-
opment of the air induction control for the North
American B-70, following the successful testing of
a small scale prototype last year.

Activity in the jet engine starter field continued
strong with production of pneumatic and combus-
tion types for aircraft including the Boeing B-52,
Convair B-58, Lockheed P3V and Convair F-106.

Hamilton Standard’s Electronics Department con-
tinued to provide a variety of static power supplies
to military and commercial customers during the
year and entered the consumer market with a static
inverter designed for use on pleasure boats. In the
aircraft control field, production of automatic stabi-
lization equipment for the Sikorsky HSS-2 con-
tinued. In marine installations, the flap control for
Grumman Aircraft’s marine hydrofoil was delivered
for installation in the vessel and development con-
tinued on the stabilization and navigation systems
for the Navy PCH hydrofoil being built by Boeing.
Temperature controls continued in production for
a variety of aircraft including the North American
T-39, Grumman AO-1, Grumman A2F, Convair
880, Boeing B-52H, Douglass A45-5 and others.

‘The Ground Support Equipment Department
made significant strides during 1961 and delivered
several types of environmental conditioning GSE
for use on the Titan I, Titan 11 and Minuteman

rmss‘ile programs. Also produced were fuel handling
equipment for Titan I1I;
the Air Force;

missile vapor di
Production

mobile control towers for
J€t engine control test stands; and
sposal units,

o of }Americanized” Hamilton-Zeiss
e am machineyg gt ;

o } unes started in 1961, less than
two years alter the purchase of (e North American
rights to the process from the Carl Zeiss Founda
tion. During this time, severa] study programs were
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conducted on the welding of refractory metals and
the use of the machine as an electronic microminia-
turization tool. These programs showed that the
machine can successfully work all known materials
and is capable of welding reliable connections for
microminiature electronics.

In the field of solar power, Hamilton Standard
in 1961 delivered a multi-cell generator to the Air
Force which is designed to provide more current
per pound of generator weight than any other
available system.

The Missiles & Space Department continued its
work on the promising United Aircraft guidance
system during the year and undertook several classi-
fied study projects for the Services.

NORDEN

Completion of a large scale plant consolidation
program and new engineering, development and
manufacturing achievements in electronic systems,
subsystems, and components highlighted the 1961
activities of United Aircraft Corporation’s Norden
division.

Early in the year, some 1,200 employces and
manufacturing and laboratory equipment were
moved from plants in Stamford, Milford, and
Bridgeport, Conn., and White Plains, N.Y,, to the
division’s new 350,000-square-foot research-engineer-
ing and manufacturing facility in Norwalk, Conn.
In November, the Ketay department, located at
Commack, Long Island, N.Y., was transferred to the
Norwalk plant.

As a result of this consolidation, Norden was
operating in these basic areas at the year's end:
the design and manufacture of military and com-
mercial electronic systems and components at Nor-
walk, and the development and production of com-
mercial and industrial control systems and data
processing equipment at the Data Systems depart-
ment at Costa Mesa, Calif. Data Systems occupied
its new 50,000-square-foot plant at Costa Mesa late
in 1960.

Operations of the former Ketay department were
phased in with those at Norwalk; however, the
Ketay name, prominent for more than 20 years in
the rotating component field, was retained for prod-
uct identification and separate engineering and
manufacturing operations to manufacture this line
were established at the Norwalk plant.

Increased emphasis was placed on the research,
engineering and development of advanced naviga-
tion, guidance and control systems for space ve-
hicles, missiles, aircraft and ships. With the com-
pletion of this program, the division strengthened
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search and engineering center in Sunnyvale, Cali-
fornia, and its ultra-modern development center in
Covote, 28 miles to the south, on a $,200-acre ranch,
were formally dedicated.

During 1961, UTC also successfully completed a
wide range of advanced development programs.
These included an extensive company-funded hy-
brid engine program and the development of a
6.000 pound thrust solid fuel rocket motor with a
light wetght fiberglas casing.

A subsidiary of United Aircraft Corp., UTC was
carrying out rescarch and development in the fields
of rockets, solid and liquid propellants and ad-
vanced propulsion systems.

VANGUARD AIR AND MARINE CORP.

During 1961, Vanguard completed the modifica-
tions for installation of the T53 shaft turbine en-
gine in its “Omniplane.” The modifications were
incorporated under an Air Force Systems Command
research and development contract. During this
modification program, other refinements of this Fan-
in-Wing concept were designed and incorporated
utilizing Vanguard funding. These included incor-
poration of a controllable nose fan system to im-
prove control in hover and Haperons giving better
STOL capability. After incorporation of these re-
finements and modifications, the “Omniplane™ was
returned to Ames Laboratory for additional full-
scale tests in the 40 x 80 wind tunnel. Vanguard
continued research in the field of Fan-in-Wing and
ducted rotor configurations.

Additional investigations were conducted in the
field of light-weight drive systems as well as the con-
tinuation of improved processes in the metal fabri-
cation field. The Northeast Metals Division of
Vanguard increased production of products and
components for customers in the electronics, air-
craft and missile field.

As part of a diversification program, new prod-
ucts developed by Vanguard during 1961 included
an air drive utilizing the ducted (an for use on
pleasure boats and the Vancraft pontoon outboard
cruiser. This new product development was to be
continued during 1962,

WESTERN ELECTRIC COMPANY

During 1961, Western Electric continued its
major role in aerospace projects. The armed [()1‘Fes
continued to call upon the company to fulfill major
national defense responsibilities on the basis of
unique abilities developed in manulfacturing for
the Bell System, and on the strength of Western's
past performance in successfully accomplishing
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highly technical, complex projects covering a broad
scope of specialized activities and involving large-
scale operations. Among the more recent space
projects in the non-military field, a Western Electric
led industrial team, in July 1961, turned over the
global tracking and ground instrumentation system
for Project Mercury to the National Aeronautics
and Space Administration for its manned space
flight program. This system performed with clock-
like precision in September 1961, when NASA
launched an unmanned Mercury spacecraft and
completed a successtul single orbital mission. On
November 29, 1961 the global network gave another
highly satisfactory  performance when NASA
launched a Mercury spacecraft carrying “Enos”, a
3714 Ib. chimpanzee on a successful 2-orbit flight.

The ground communications system {or Project
Mercury, a specialized portion of this network, is
actually a vast data handling system. It provides
the following functions: teletypewriter messages
between 18 communications and tracking stations,
Goddard Space Flight Center, Greenbelt, Maryland,
and the Mercury Control Center, at Cape Canav-
eral, Flortda; acquisition information from God-
dard to tracking and Lelemetxy stations; commands
and instructions {rom Canaveral to the stations;
digital tracking data from the range stations to
Goddard; telemetry summary messages between
stations and Canaveral; high-speed data transmis-
sion between Goddard and Canaveral for computa-
tion and display; and voice communications be-
tween stations, Goddard and Canaveral.

The system involves about 60,000 route miles of
communications facilities. The entire system com-
prises over 140,000 circuit miles—about 100,000
miles of teletypewriter circuits, $5,000 miles of tele-
phone circuits and more than 5,000 miles of high-
speed data circuits.

In ‘the guided missile field, the development of
critical system components continued under an ad-
vanced research and development program for the
U.S. Army’s Nike Zeus, the nation’s only anti-missile
missile system under active, advanced development.

Before this program was authorized, \Western
Electric Company had anticipated the military de-
mand for precision deposited carbon resismr; and
had put into operation a plan to (ie\'elol) produc-
tion equipment to automatically produce resistors
in qu;mtity and in quality far in excess of anv
previous requirements. In 1961, this program, usins/,r
computer controlted production, started makine dé.
posited carbon resistors with eXtremely high :Clill-
bility. For a system designed (o d(_‘slrm\' cremy
ballistic missiles traveling at speeds | :

greater than
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AERONCA MANUFACTURING CORPORATION

Expansion and continued improvement marked
the steady progress of Aeronca Manufacturing Cor-
poration during 1961. Advancements were made in
both the Commercial Products and Defense Prod-
ucts Groups, with particular growth noted in the
Aerospace Division of Baltimore, Marvyland.

This division greatly expanded its research and
development activities with the addition of con-
siderably more floor space obtained when the facil-
ities were moved to Friendship International Air-
port in Baltimore. Doctorate-level scientific per-
sonnel were added also to the Baltimore activity,
allowing the division to develop and manufactlfre
more sophisticated components and subsystems for
the military agencies. The program was undertaken
for the development of a Constant Altitude Plan
Position Indicator to be used in the world-wide
weather system. The Aerospace Division also de-
veloped a proprietary line of reliable, flexible and
low-noise RF parametric amplifiers. .

The Middletown Division continued as a ma_]f)r
producer of stainless steel brazed honeycomb air-
frame and missile assemblies. Production contracts
were received for honeycomb structures with the
B-58, A2F, and B-70 systems. Additional contracts
and effort were expended {or further development
of “Thermantic Structures’” (proprietary progrllfll),
exotic materials and ceramics capable of operating
in temperature environments up to 4,0‘00" for ex-
tended periods of time. A governmem-tunde(_l pro-
gram for the design, development and producu_on. of
a new series of ‘‘Upstart” training target llllS?llf?S
was received by the Middletown Division. This 1s
a parachute-supported radar and infrared target
missile for use at altitudes between 30,000 and
170,000 feet. The Middletown Division continued
research and development work, both govemment-.
funded and company-funded, in the developm_em of
techniques for fabrication of beryllium and in the
field of ceramic adhesives. Production continued
on major airframe assemblies for B-52H, KC-135
and 707 aircraft for the Boeing Company.

The Aerocal Division continued working with
the Boeing Company for production of B-52G and
B-52H fuel tanks and pylons. Additional contracts
were received for various structural members of
the KC-135 and 707 during 1961. Also in 1961, the
Aerocal Division received a contract from North
American Aviation for the development and pro-
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duction of H-11 structural members on the B-70
program. This contract was a result of the Division’s
continued research and development and manufac-
turing methods for high-temperature materials.
This year also saw them enter the bonded honey-
comb field, with a first contract in this area.

ATRCRAFT RADIO CORPORATION

During 1961, Aircraft Radio Corporation intro-
duced new products to cover a wider range of the
aviation market. The company at year-end had
three distinct lines of equipment for aircraft rang-
ing from heavy, multi-engine and military jet air-
craft to light, single-engine aircraft.

The Starflite I line consists of the Type 21A Auto-
matic Direction Finder, Type 210, 360 channel
communications equipment, Type 15F Omni equip-
ment, Course Director, a Marker Beacon Receiver,
Glide Slope Receiver and other miscellaneous re-
ceivers, transmitters, amplifiers, etc.

Starflite 1I equipment, a new line, consists of a
local-controlled navigation and communication
equipment. Equipment currently available in this
line includes the Type 318A Automatic Direction
Finder and the Type 317A Nav/Com system.

Starflite II1, also a new line, is a panel-mounted
Nav/Com system of which the Type 501A is pres-
ently available. A Nav/Com system for this line
and a new single-axis automatic pilot will go into
production in the near future.

The Starflite 1I and Starflite 1II equipment lines
will have additional equipment added during 1962.

The company also expanded its Starflite I line.
A new VHF communication receiver having a nomi-
nal power output of 30 watts carrying full FAA
TSO and FCC compliance will be available in the
near future.

The new CD-3 and CD-4 Course Directors made
available in 1961 operate from ADF signals as well
as from VOR Localizer information. A converter,
the B-19A, permits the addition of the RMI type
Indicator to the Type 15F Omni system and can
also be added to earlier type 15 systems.

ARC had a unique all-transistorized equipment
available in the instrument field. It is o Frequency
Deviation Meter that makes it possible to compare
certain precision oscillations to one part in 107,

which means that two one-megacycle signals can be
compared to 1/10,000th of a cycle.
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away as five billion light years (one light year equals
a distance of about six trillion miles) can be de-
tected by the new instrument, compared to a dis-
tance of two-billion light years that can be pene-
trated by the most powerful optical telescope.

Small, precise, finned tubes, fabricated by Alcoa,
were plaving a key role in the development of eco-
nomical electric power from atomic energy. The
tubes serve as containers for uranium oxide fuel
pellets in fuel elements developed by Atomics In-
ternational, a division of North American Aviation,
Inc. Shaped from aluminum powder metallurgy
(AAPM) alloys by the impact extrusion process, the
tubes function at temperatures as high as 900°F.,
far above normal heat limits for aluminum.

Rugged, lightweight aluminum, supplied by
Alcoa, was the major structural material in a stage
ol the Saturn launch vehicle. The new rocket,
among the first to use liquid hydrogen as fuel, will
be an upper stage—designated the S-IV—in the
Saturn. Aluminum’s selection for the four-story, 18-
foot-diameter structure was based on the metal’s
unique ability both to maintain high strength, and
to resist brittleness at minus 423 degrees F.—liquid
hydrogen temperature—and below. Alcoa was sup-
plying aluminum alloy 2014 skin plate for the S-1V,
in sections 10 feet wide, 20 feet long, and one-half
inch thick. The rocket skin, an integral part of the
structure, forms the {uel tank walls. Bulkheads—
caps for the cylindrical fuel and oxygen tanks—'-are
made of aluminum sheet and plate. Alcoa forgings
and extrusions were also being incorporated into
the rocket's structural framework.

Great gleaming balloon satellites that will out-
shine familiar Echo I were being developed for the
National Aeronautics and Space Administration.
The giant spheres will be fabricated of Mylzn: and
ultra-thin aluminum foil, produced by Aluminum
Company of America. Cooperating with G. .T.
Schjeldahl Company, Alcoa succeeded in producing
exceptionally thin aluminum—.00018 inch thick—at
its Davenport (Iowa) works, to be laminated to both
sides of a plastic film. The exceedingly tough com-
bination produced a material 20 times more rigid
than the 100-foot envelope of Echo I, which was
made of Mylar coated with vaporized aluminu.m.

Lightweight aluminum roof components were 1n-
stalled on the world’s first missile-launching raiilroad
cars, the initial complement of a mobile “Minute-
man” defense force. Similar in appearance to bag-
gage cars, each missile launcher required approxi-
mately 12,000 pounds of aluminum sheet, plate,
extrusions, and structural shapes for the roof.

Ranger I was comprised chiefly of alulllinugl.
Busic structural components of the unique craft,
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developed by Jet Propulsion Laboratory, Pasadena,
Calif., were fabricated of aluminum sheet tube, and
castings.

A new ultra-lightweight, aluminum and plastic
combination may hold the key to a unique space-
age, global communications system. An Alcoa foil
and plastic laminate that weighs nearly one-third
less than material now used has been evaluated for
balloon satellites. The vital weight reduction was
achieved by chemically milling extremely thin foil,
especially produced for the satellite program by
Alcoa. The new “skin” was intended for use in
massive spheres dwarfing 100-foot-diameter Echo 1.
Such super balloons are required by NASA for ad-
vanced programs stemming from the Echo experi-
ments. One proposed successor—Project Rebound—
would be a world-wide communications system em-
ploying a network of balloon satellites directing
radio waves to all parts of the earth. Weight reduc-
tion accomplished by the new “skin” would be
extremely important to Rebound, as it proposes to
orbit several huge spheres with a single rocket
launch. The lacelike Alcoa foil structure, produced
by the milling process, was expected to provide
sufficient rigidity to maintain a smooth satellite sur-
face—even after escape of the inflation agent through
punctures caused by meteoroids. _

One of the largest closed die forgings ever made
was produced by Alcoa for McDonnell Aircraft
Corp’s F4H Phantom II. The giant wing spar was
torged on a 50,000-ton press at the company’s Cleve-
land works. It measured approximately 17 feet in
length, and weighed 707 pounds when it came out
of the press. The closed die forging saves 920 hours
machining time in the production of the wing spar.

AMERICAN BOSCH ARMA CORPORATION

During 1961, American Bosch Arma reported
important achievements as a prime contractor in the
Air Force missile program. The major effort was
realized at its Arma Division in Garden City, New
York, engaged in production of inertial guidance
equipment.

The Tele-Dynamics Division in Philadelphia con-
tinued development of the data handling ang pro-
cessing center at the Naval Air Test Facility (Ship
Installations), Lakehurst NAS, New Jersey. Ine
1961, additional contracts were received to enl
this installation. The NAT Facilit
the evaluation of carrier-ty

arly
arge
Y was engaged in
. ot P€ catapult and recovery
equipment, utilizing jet-propelled cars and a com-
plex of five test tracks and an 8000-foot runway.
American Bosch Division n Springfield, Mass.,
was participating in the Air Force TITAN 11 pro-
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causing even extremely tough metals to flow plastic-
ally.

At Brake Shoe’s Hydrodynamics Research Center
and at Raymond Atchley Division work continued
in the development of improved servo-valves and
electro-hydraulic systems.

In August 1961, Dominion Brake Shoe Company,
Ltd., the wholly-owned Canadian subsidiary of
Brake Shoe, acquired an interest in Jarry Hydraulics
Limited. Jarry is Canada’s largest producer of air-
craft landing gear, and a major manufacturer of
airborne hydraulic system components. Jarry is a
designer and producer of landing gear and hydrau-
lic components for major U.S., Canadian and
NATO aircraft programs.

THE BG CORPORATION

In the field of high temperature materials, The BG
Corporation further developed its ceramic-to-metal
brazing techniques to cover the brazing of inorganic
materials such as carbon-to-carbon for nuclear ap-
plication and also developed a new alloy for in-
ternal sealing of ceramic-to-metals. This represented
an advancement in providing greater reliability in
missile terminal and connector applications where
high temperatures are prevalent.

During 1961 BG also developed and released four
new models of temperature Sensors for gas turbine
and rocket engines. (BG has specialized in this field
for the past 13 years.) Special techniques were de-
veloped during 1961 for machining high tempera-
ture materials used in the temperature Sensors.
Investigative work was also done on a means of pre-
venting sublimation in space when using thermo-
electric materials as a source for electrical energy.
A miniaturized, light weight, compensating resistor
type thermocouple harness was also developed for
gas turbine applications. )

In BG’s standard line of aircraft spark plugs, six
new platinum electrode models were (1eve10Ped in
1961 to provide long and reliable service in the
latest high output piston engines.

THE BENDIX CORPORATION
BENDIX COMPUTER DIVISION

A major contribution to the field of astronautics
was made in 1961 by two Bendix G-15 computers as-
sociated with the TIROS 111 project.

A product of Bendix Computer Division, The
Bendix Corporation, the general purpose G-15 was
instrumental in making photogral)hs from the satel-
Iite useful for weather prediction. TIROS 111 photo-
graphed cloud formations from 450 miles altitude
in a project aimed at better storm observation which

THE INDUSTRY

may eventually lead to early anticipation of destruc-
tive storms.

Launched by the National Aeronautics and Space
Administration, this was the third successful TIROS
to be sent aloft for cloud cover pictures, which are
transmitted to receiving stations across the country.
Photos of remote areas of the globe were stored on
magnetic tape and relayed when the satellite was
near one of the two principal ground stations
located at Wallops Island, Virginia, and Point
Mugu, California.

The 35mm negatives were processed within
minutes and reproduced for use with a scaled lati-
tude and longitude grid map produced, under G-15
control, by the graph plotter. The resulting cloud
picture analyses were sent by facsimile to the Na-
tional Meteorological Center, Suitland, Maryland,
for further dissemination to key points in the United
States and abroad.

Though still in the experimental stages, the
elapsed time between receipt of satellite signals and
the facsimile broadcast of chart renderings was re-
duced to as little as two hours, making data current
enough to have practical weather forecasting value.

The computers were used on a real-time basis,
processing information as it is transmitted from the
satellite. The G-15s predicted satellite attitude and
position at the time of picture-taking, making loca-
tion of specific meteorological features in the pic-
tures possible. The prediction of satellite attitude
is used for control purposes—determining where
cameras are aimed and when pictures can be taken.

BENDIX COMPUTING CENTER

Bendix Systems Division has also announced
plans to open “the most comprehensive Computing
Center in the greater Detroit area” in the spring of
1962. The heart of the Center will be a high-sPeed
Bendix G-20 digital computer system, designed and
manufactured by the Bendix Computer Division.
The installation, valued at more than 351,000,000, is
a true general purpose system—the fastest ang most
versatile machine in its class available today.

The Bendix Systems G-20 will consist of four
memory modules storing 32,768 words and e

t ; ight
magnetic tape units which can simultaneously
search for information at the combineq speed of

almost 2 million characters per second. A control
buffer unit permits multiplexed data processing op-
erations. These include off-line o on-line card
reading, card punching, and printing capabilities.

The G-20 performs 83 000
tions per second, can read or

additions or subtrac-

write on magnetic tape
at a rate of 240,000 alphanumeric characters per
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second. Its high speed line printer can operate at
up to 1,000 lines per minute, the equivalent of
printing a 300 page book in seven minutes.

The first phase of the system was put in operation
in November, and is adaptable to the PERT mili-
tary method of using large computers to control the
development schedules of projects such as the
Polaris Missile. This initial facility was also being
used in the development of advanced computing
techniques for the Bendix G-20 Computer.

The Center’s facilities will be available to the
Corporation’s many divisions and to other firms
requiring the services of a high-speed computing
system. Features of the Computer Center will in-
clude security-cleared premises for military projects,
and a location convenient to the growing complex
of research and industrial organizations in the area.

Under contract to the Air Force Rome Air De-
velopment Center, Bendix Systems Division de-
veloped an Ultrasonic Light Modulator to improve
the quality of infrared strip maps produced from
taped video data. Using this device, reconnaissance
information can be processed to preserve greater
.detail and facilitate more rapid interpretation than
with previous methods.

The components of the Bendix developed Ultra-
sonic Light Modulator shown in the schematic are
the light source, modulator (ultrasonic cell), beam
deflection system, and camera. The principle of
operation is that a light beam, passing through the
ultrasonic cell, is deflected by a vibrating mirror
synchronized with scanning pulses. A camera
records the image on film with minimum “spot” size
and wide dynamic range. Thus, the image appears
brighter and greater clarity is achieved which con-
siderably improves the display quality of the strip
map.

Army and Navy contracts totaling more than $23
million were awarded to Bendix Systems Division
during the year for the overall development of the
communications system for the Advent Satellite
Communications Program. Radio repeaters in Ad-
vent satellites will serve as relay points for high-
capacity voice, radio or teletype military communi-
cations on a world-wide, instantaneous basis. An
Advent satellite, its orbital speed synchronized with
the.rotational speed of the earth, will appear to re-
main stationary in the sky. Three such satellites,
spaced around the earth at an altitude of 22,300
miles, will provide direct-line communications to
nearly any point in the world.

Bendix Systems Division was assigned responsi-
bility for the design and fabrication of the satellite
repeater, Spec_ial‘PUrPOSC ground equipment, and
checkout equipment, and was also responsible for
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the communication systems engineering. Bendix
Radio Division was designing and constructing
ground terminal equipment and was to install and
operate the equipment at two ground stations.

The first operating prototype model of the re-
peater equipment was delivered to the Army Signal
Corps for acceptance in September, 1961, approxi-
mately one year from date of contract. Six units of
the ground checkout equipment were delivered in
October.

For the Navy’s shipboard terminal, Bendix will
perform system engineering and integration of com-
munication equipment with Government-furnished
equipment including tracking, telemetry and com-
mand units, a gyro compass, and a digital computer.
The communications equipment, including re-
ceivers, transmitters, and modulation-demodulation
equipment is being designed and fabricated by
Bendix.

BENDIX FILTER DIVISION

At Bendix Filter Division during the year of 1961,
development and engineering programs continued
to contribute advancements to the commercial and
military fields of fluid filtration and other fields
where controlled porosity is needed. These pro-
grams encompassed various aspects and products
of filtration including: filters for handling aircraft
piston engine, jet engine, and missile fuels; filters
for hydraulic fluids and lubrication oils used in air-
craft and missiles; air filters for carburetor fuel sys-
tems, fuel injection systems, and aircraft cabin air
conditioning systems; and filter water separators
and related equipment.

Bendix Filter Division also designed and pro-
duced custom-engineered compressed fiber glass
products for a broad range of insulation and isola-
tion applications including that of heat, vibration,
shock, and noise.

Among the outstanding developments of Bendix
Filter Division in 1961 was the mechanically locked
filter element. This element was previously used in
development applications, but in 1961 was being
installed in a broad range of installations. It has
the metallic filter media firmly connected by me-
chanical crimping to the end caps by mechanical
means; no bombing materials are used. The result
is a high performance, stronger filter element that
is an inherently clean structure with greater fatigue
resistance and increased strength. In addition, these
elements can be used to higher temperatures. The
mechanically locked elements have gained outstand-
ing acceptance from filter users in the critical air-
craft, missile and space industries.
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Manutacturing, laboratory and cleaning facilities
of Bendix Filter Division are among the most up-
to-date in the filter industry and were equipped
during the vear with various new machines and
equipment geared to the aerospace industries. These
included such things as additional ultrasonic clean-
ing stands and accessories for cleaning missile prod-
ucts, and special flushing stands for producing high
cleanliness levels. All of these new additions were
aimed at continuous updating of quality control
and product improvement.

The Go-No-Go Cleanliness Gage received excel-
lent response from industry and military groups
handling aircraft fuels and was undergoing ex-
tended field testing at many different facilities. Pre-
liminary results obtained during the year showed
that the concept of full-flow monitoring with a posi-
tive shut-off of fuel transfer under excessive water
and/or solids contamination conditions was receiv-
Ing growing acceptance.

Another new product introduced during 1961 was
called Pororibbon, an addition to the family of
patented wound wire products produced by Bendix
Filter Division. Preliminary investigations and de-
velopment programs were very promising in the
field of boundary layer control for high speed aero-
dynamic surfaces. Other noteworthy products man-
ufactured during the year included elements and
assemblies for the following programs: Sidewinder
C, Polaris, Mauler, Saturn, and B-70.

BENDIX PRODUCTS AEROSPACE DIVISION

Landing gear, propulsion control systems and
rocket motor components were supplied to many of
the major airframe, aircraft engine and missile
producers in 1961, as in the past. In addition,
Bendix Products Aerospace Division continued ex-
tensive research and development programs in these
and many related fields.

Lightweight fuel control systems for shaft tur-
bine engines up to 1000 horsepower were qualified
and placed in production. A Universal Test Con-
trol for use in determining optimum turbine engine
acceleration and deceleration schedules was fur-
nished to a number of engine manufacturers.

Lightweight aircraft fuel injection systems were
certificated for additional applications and produc-
tion and product improvement continued at an
accelerated rate on these as well as on all types ol
fuel metering systems for large gas turbine engines
for both commercial and military alrcraft.

Movable nozzles for solid rocket motors were
placed in production. These nozzles incorporite a
swivel joint that will withstand the high tempera-
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tures and highly abrasive exhaust gases produced by
the propellants used in high performance guided
missiles. Another development of Bendix Products
Aerospace Division for the missile age is a Freon
Injection System for thrust vector control. Proto-
type units of this equipment were successtully test
fired on advanced models of operational missiles.
They provided much more precise control of the
weapons.

Development and testing continued in the
Ceramic Engineering Department. Microtranspira-
tion was developed as a protective mechanism for
rocket nozzle throat materials. Further development
was conducted on Chromium Composite for lead-
ing edges, fasteners and other aerospace applications
where its excellent oxidation resistance and strength
in the 2000° F to 3000° F temperature range are
exhibited.

In 1961, Bendix wheels and brakes improved
their outstanding service record on the Boeing 707
and Douglas DC-8. Bendix equipment also entered
service on the Convair 880M and 990.

Research was continued on cooled brakes to pro-
vide greatly increased safety and reliability during
“hot stops.”

Further improvements were also made in the
Bendix line of hydroelectrical and hydromechanical
aircraft steering systems and landing gear shock
struts which were in production for a variety of
military and commercial aircraft.

Studies were conducted and equipment was de-
signed for lunar landings and mobility after land-
ing.

The Bendix line of Fluid Power Equipment,
formerly produced by the Hamilton Division, was
transferred to South Bend to become a part of
Bendix Products Aerospace Division. A family of
lightweight, high temperature hydraulic pumps,
motors and servo valves for aircraft and missile ap-
plications were qualified and placed in production.

Production and development continued on hy-
draulic shock absorbing equipment for the protec-
tion of railroad freight. “Cushioned” freight cars
have been in use for over a year for commercial
purposes and are being specified for r
aircraft and missile components and assemblies.
Similar umt§ we.re adapted for use on off-shore
mooring stations for petroleum tankers, and further
developments, st.emmmg from Bendiy’ hydraulic
shock-strut experience, were under 1 ’

ansporting

ay,
/

BENDIX SYSTEMS DIVISION
T}']e Be‘ndix Corporation undertook a major ex-
pansion of the Corporate Space Laboratories located
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at Bendix Systems Division, Ann Arbor, Michigan
during 1961. Completed in the fall of the year, this
multi-million-dollar facility is one of the few in the
country and the first to be available for the develop-
ment, assembly, and test of integrated, full-sized
spacecraft at a single location and under one roof.

Equipment capable of pre-testing full-scale space-
craft and component assemblies for reliable opera-
tion in the space environment is more important
than ever. To continue to lead in the growing space
effort, Bendix built its corporate system integration
and test facility at Bendix Systems Division, the
corporate local point for missile and space systems.
The Space Laboratories will be used by all Bendix
divisions in the development and test of compo-
nents, assemblies, and complete space systems, and
will be available to other contractors requiring the
use of advanced space testing facilities.

The Space Laboratories are fully equipped to test
spacecraft operation under the rigorous conditions
encountered during launch, and under the extremes
of heat, cold, and vacuum in which the vehicle must
operate in the space environment. The Laboratories
meet the fabrication and test requirements of such
space systems as:

*Advent Communications Satellite
*Nimbus Meteorological Satellite
*Orbiting Astronomical Observatory
*Orbiting Geophysical Observatory
*Apollo Manned Spacecraft

* Aeros Meteorological Satellite
*Prospector Mobile Lunar Vehicle
*Military Space Stations

The most significant addition to the Space Labor-
atories was the Spacecralt Thermal Vacuum Cham-
ber in which the “dress rehearsal” of large satellites
can be performed. This chamber, 20 feet in di-
ameter and 27 feet long, is fabricated of 34-inch
highly-polished stainless steel. One end is a full-
opening, removal door which allows spacecraft and
associated test equipment to be installed. Satellites
can be tested in this chamber as if in orbit at an
altitude of 800,000 feet. The “hard vacuum” of
outer space is achieved by a battery of eight oil-
diffusion pumps of the same type used to evacuate
large atom smashers. An array of carbon arc and
infrefred lamps subjects the spacecraft to the in-
tensity of the sun’s heat at that altitude. Ultraviolet
radiation Is introduced through 16 quartz lenses
mouﬂntsd In one end of the chamber. Plates, cooled
by liquid nitrogen, then simulate the chill of space
darkness when the sun i eclipsed.

Complel:e Spacecraft can also be shaken by a
$0,000-1b force vibrator to simulate |

. : aunch condi-
tions. The boost phase of trajectory, where a
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spacecraft is subjected to extreme acceleration, can
be simulated by a centrifuge with an arm length of
22 feet, which can produce a force of 50,000 “g” Ibs.

A multi-environment laboratory was also built
into the Space Laboratories to test spacecraft and
space subsystems in the environments encountered
before launch or at the launch sites, such as sand
and dust, salt and fog, sun and rain, ozone, fungus,
and explosion.

ECLIPSE-PIONEER DIVISION

Highlights of the 1961 year at Eclipse-Pioneer
Division included continued high level of produc-
tion activity in the areas ol automatic flight con-
trols and instrumentation systems, a greatly in-
creased production activity in major support equip-
ment, and a heavy emphasis on the development of
space flight systems and equipment.

In the arca of automatic flight controls, the num-
ber of domestic and foreign airlines using the divi-
sion’s PB-20 system increased by ten to a total of
45. This was in addition to military versions of the
PB-20 in the service of seven branches of the U.S,
Canadian and British military and government
services. High on the list of new procurements for
this equipment was that ordered by TWA for use
on its new Caravelle Mark 10A aircraft. The order
also specified dual sets of Eclipse-Pioneer Gyro Com-
pass Systems and Flight Director Systems. PB-20
Automatic Flight Controls and Gyro Compass Sys-
tems were also specified for the British Aircraft
Company’s BAC-111 Twin Jet Transport, which
during the fall was ordered by Braniff International
Airways and was being considered by a number of
other domestic lines.

Another significant award was that made by
Lockheed—Georgia Company to Eclipse-Pioneer
to furnish Three Axis Stabilization Control Systems,
a form of autopilot, for the Army's Hummingbird
aircralt—a jet powered vertical take-off and landing
craft.

During the year, Eclipse-Pioneer in cooperation
with Boeing and a number of key airlines operating
jet equipment, initiated a long range program
directed toward all-weather landings. The program
was unveiled during a three-day seminar at the
Boeing Aircraft Company’s plant in Seattle late in
September before a gathering of 74 representatives
of 16 airlines, the Air Force and the FAA. In addi-
tion to the commercial aspects of this program,
Eclipse-Pioneer’s work in this field included co-
operation with an Air Force program associated
with all-weather landing of re-entry vehicles. By
year’s end the program was in the test stage zm.d
included a number of successful fully automatic
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devices developed by Eclipse-Pioneer during the
year included a sun sensor which provides a
means for locating and locking onto the sun for
spacecraft attitude control and orientation, and
a star tracker which affords a precise way for lo-
cating and using a star for spacecraft navigation.
The division also developed a satellite motion
simulator as an important part of its laboratory
facilities for checking performance of space equip-
ment under simulated flight conditions.

Also in the missile field, Eclipse-Pioneer was
awarded a econtract during the vear to build de-
coders for the Minuteman missile. The decoder is
the ﬁn.al- link between the firing command and
the missile.  Upon receipt of a properly coded
message to fire, it automatically positions an ar-
rangement of coded switches to the firing position.

A(_idltlonal activities in the space field included
studies with such institutions of higher learning
as the Cornell Aeronautical Laboratory and the
Massachusetts Institute of Technology in solving
problems relating to re-entry conditions and the
de've_lopment of advanced type gyros for use in
missile and space applications.

The development of two new digital computers
.fo.r space and missile applications was also in-
itiated during 1961. One, designed for use as part
of an interplanetary navigation and guidance sys-
tem, made use of optical techniques for program
storage. The other was designed for use as part

of a complete guidance system platform star
tracker and computer for a long range missile.

Development also continued in the area of hot
gas cc?ntrol systems in which rotary and linear
actuation, reaction jets, and pneumatic computa-
tion were featured. Other systems and equipment
applicable to space flight on which the division
place(.l heavy emphasis during the year were self-
adaptive controls, spacecraft rendezvous computers
and advanced displays.

Ir} the important area of aerospace ground
€quipment (AGE), the Bendix Support operation
j(fher(l;S;ZZbO(;;i pI?}ced in proc'luction and made
will be usey fO‘r/er;les kof a Universal ”I?ester that
built Skybolt MC elc out of the USAF’s Douglas-
has automatie G;SS;\J& The tape-operated. .system
all types of i 1’3 0-Go check out capability for
) » land, sea and space systems, and

High on the lig of
A new support equipment
anr?OunCed during the year was 5 Digita(li I\/?odu]e
Universal Test Set. The test set provided a méans
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for making complete, accurate and rapid tests of
digital modules or printed circuit cards for mag-
netic or punched tape data handling and process

control systems.

MONTROSE DIVISION

The year 1961 at the Bendix Montrose Division
was marked by continued product development
within previously established lines which included:
aircraft autosyn synchros, pressure and position
transmitters and indicators, tachometer generators
and indicators, servoed angle-of-attack indicators,
a variety of other servoed indicators, variable reluc-
tance type transmitters and indicators, D.C. synchro
type indicators, aircraft and missile pressure
switches, D.C. motors (under 14 h.p.), dynamotors,
ordnance lighting and degasser switches.

An important item produced initially during 1961
was a one inch diameter dual concentric integrally
lighted indicator utilizing two special D.C. synchros
arranged in tandem capable of withstanding ex-
treme environmental conditions.

Development of a miniature 4000 pound pressure
measuring system was completed. A significant re-
duction in the weight and size of the transmitter has
been achieved. This transmitter is capable of with-
standing temperatures of from —67° F. to 450° F.
and can be mounted directly on a jet aircraft engine.

The division was producing a line of high tem-
perature synchros which will withstand tempera-
tures up to and including 800° Fahrenheit. Syn-
chros which will withstand nuclear radiation also
can be supplied to meet specific requirements. Since
it is known that temperature environments up to
1200° Fahrenheit will be encountered, development
of synchros suitable for this high temperature level
was also under way.

During 1961, a major plant rearrangement was
accomplished facilitating the handling of increased
aircraft instrument and synchro manufacturing and
assembly operations. In this connection, 12,000
square feet of assembly clean room and temperature-
controlled laboratory and manufacturing machine
areas were. constructed.

PIONEER-CENTRAL DIVISION

Pioneer-Central continued to improve its position

in the aerospace field during 1961 by the acquisition
of additional facilities, the functional tailoring

of the Pioneer-Central organization and the
attraction of experienced scientists specializing m

various aerospace fields.
The additional facilities included a Cryogenic

Development Laboratory which was completed in
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RESEARCH LABORATORIES DIVISION

During 1961, the Research Laboratories Division
completed numerous research and development pro-
grams, several of which represented significant ad-
vances in the state-of-the-art. Reflecting the diversity
of pursuits at the Laboratories, many of its scientists
and engineers contributed technical papers to scien-
tific journals and gave presentations of their latest
technological findings at engineering and scientific
symposiums and conferences.

One of the unique advancements during 1961,
was the development of a microwave thickness
gauge which Instantaneously determines thickness
differences in dielectric material to resolutions of
less than 50 millionths of an inch. Extremely com-
pact and portable, the instrument may be hand-held
like a pistol, and merely pressed against the surface
of the material being checked. The instrument will
prove especially useful in checking the critical wall
thickness of radomes for aircraft and missiles, which
normally requires costly and time-consuming
methods. Among the many other applications of
the microwave gauge is its ability to rapidly and
accurately measure the thickness of acrylic (non-
conductive) paint used on automobile bodies.

Other investigations in the microwave field re-
sulted in the development of a series of new ultra-
miniaturized microwave components, which could
be employed with printed circuits for use in various
types of aircraft, missile and satellite systems.

In the applied physics field, a new Time-of-Flight
Mass Spectrometer was developed for accurately and
rapidly measuring pulmonary function in the
human respiratory system in closed environments
that will be experienced in manned space vehicles.
As the first instrument of its type developed for
laboratory use, highly miniaturized future models
are visualized as capable of continuously monitoring

cabin atmosphere during actual manned space
flights.

During 1961, continuing development in the dew-
point hygrometer field resulted in the fabrication
anc_l successful testing of a portable, self-contained
unit that was capable of continuously and auto-
matically measuring the dewpoint of a gas sample
duﬁcte.d through the instrument. Operating on the
principal of servo-controlling the temperature of a

mirror surface ai i i .
: face to maintain a thin, constant-thickness
deposit of dew or frost on

dewpoint hygrometer cou
from 0 to —100° F at pregsures from 2.5 psig to

6000 psig,.with accuracies better than +2° F and a
response time of 2 to 20 seconds,

the mirror surface, the
ld measure dewpoints
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Ultra-violet detection techniques were further
advanced in 1961 through the development of a
Model M-308 miniaturized magnetic electron multi-
plier. As a more sophisticated version of an earlier,
larger model, which obtained the first measurements
of the sun’s low, ultra-violet spectrum, the minatur-
ized M-308 model was capable of detecting ultra-
violet photon, ion or electron currents as low as
10=1 amperes. The M-308 unit was similar to, but
smaller, than an earlier M-306 model, which was
transferred to the Bendix Cincinnati Division for
commercial manufacture,

SCINTILLA DIVISION

The Scintilla Division of The Bendix Corpora-
tion during 1961 conducted an extensive investiga-
tion into the problem of in-flight turbine engine
flameout and development of a satisfactory and re-
liable method of effecting automatic relight. This
investigation resulted in development of a pressure
rate sensitive switch of a new and unusual type
which very rapidly senses flameout through pres-
sure change. The switch immediately and auto-
matically activates the engine’s standard ignition
system whenever f{lameout occurs for any reason.
This method of detecting flameout and automatic-
ally effecting immediate relight is an extremely sen-
sitive, fast acting device that will offer considerable
advantage for both commercial and military jet
powered aircraft.

Considerable activity was conducted in develop-
ing capacitance discharge ignition systems, which
Scintilla Division has manufactured for many years,
as firing sources for exploding bridge wire ordnance
devices.

A portable control center for submarine com-
mand and operation is another new activity. This
portable control center is packaged in an 18-1b.
“suitcase console’” that contains all instruments
needed for conning information and communica-
tions. Initial development of this equipment was
accomplished by Portsmouth Naval Shipyard.
Further development activity by Scintilla Division
produced a similar portable control center which
offers many advantages for surface vessels.

An electronic tachometer was developed for single
and twin-engine aircraft. This is a dependable,
lightweight device that has the outstanding advan-
tage of not requiring a special engine drive pad and
mechanical drive cable which are necessary with
conventional tachometers. This tachometer operates
from electrical impulses in the engine’s ignition sys-
tem and requires only the simplest of connections to
be made.
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Development of high temperature capacitors pro-
ceeded rapidly with Scintilla Division in 1961 offer-
ing capacitors for the wide temperature range of
—55° C to plus 400° C. These capacitors provide a
high order of reliability at voltages from 200 to 3
KV and are designed to meet or exceed the require-
ments of specification MIL-C-14157. They may be
used in AC or DC applications and have excellent
radiation resistance.

The Temperature-Vibration Monitor was in use
on jet powered aircraft operated by British Overseas
Airways Corporation and Air India. This instru-
ment simultaneously presents in bar graph form on
a cathode rav tube the exhaust gas temperature and
vibration conditions in the four turbine engines
powering an aircraft. Any departure from normal
operating conditions is apparent at a glance. Up to
48 dial type instruments would be required to ac-
complish the equivalent of this small unit.

A new development in the field of electrical con-
nectors was the Pvgmy PT-SE type which offers the
convenience and advantage of using military stand-
ard crimp type contacts in standard contact arrange-
ments to accomplish maximum interchangeability
and standardization. The PT-SE connector will
mate with PT and MIL-C-26482 connectors now in
use.

Another interesting connector development was
the “Twist/Pull” quick disconnect Pygmy electrical
connector for specialized applications. The coup-
ling design assures positive coupling and inter-facial
sealing. The uncoupling force, as applied to the
coupling nut by means of a lanyard, may be varied
to suit the particular application.

In the area ol cabling one ol the most interesting
developments was that ol the hydrastatic cable
which offers maximum protection against under-
water environment. This cable has the ability to
withstand extremely high differentials of pressure.
It is particularly suitable for such underwater ap-
plications as radar detection, well drilling, and
camera equipment. Scintilla Division condu_cte.d a
wide variety ol cabling research with the specialized
requirements of many applications in view. Lxten-
sive production [acilities were maintained at both
the main plant in Sidney, New York, and a branch
plant in Santa Ana, California.

Full evidence of the active program in research,
design and development at Scintilla Division was
the fact that construction started in 1961 on a 20,000
square foot addition to the engineering building.

A “White Room” lor the manufacture of aero-
space components requiring the ultimate in temper-
ature controlled, dust free atmosphere was com-
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pleted and placed in service during 1961. Tempera-
tures are maintained at 70° plus or minus 1° and
relative humidity is governed to 409, plus or minus
5%. Incoming air is filtered so that it is 99.979 free
of dust particles above .8 micron in size. There is a

complete change of air every three minutes.

THE SHEFFIELD CORPORATION
A SUBSIDIARY OF THE BENDIX CORPORATION

The Sheffield Corporation in 1961 introduced
the first “Super-Accurate” 5-Axis Numerical Control
Measuring and Printout Machine for measuring
space age parts to an accuracy never before possible
to achieve.

Significant progress in measuring small holes was
also recorded. The Dayton, Ohio, manufacturer
and developer of precise dimensional control instru-
ments and systems announced the de\'elopment of
an electronic gage to measure holes as small as
0.010” in diameter on a production basis. A hole
ten-thousandths of an inch in diameter is approx-
imately equal to one-quarter the diameter of a
typewritten period.

Shefheld’s “Super-Accurate” Numerical Control
Measuring Machine operates automatically from
instructions encoded on a tape. It measures and
records simultaneouslv, millionths-of-an-inch devi-
ations in internal and external dimensions, wall
thickness, and other geometrical conditions and
relationships of objects of symmetry such as cones,
tubes, hemispheres, etc. It measures parts up to 20
high and 20" in diameter.

The machine can be used also to determine and
print out the dimensions of parts of unknown size.

An example of the machine’s time-saving and ac-
curacy is seen in a typical inspection problem in
which a point of inspection on a hemispherical part
is specified at every two degrees latitude and every
60 degrees of longitude for outside contour, inside
contour, and wall thickness. This inspection re-
quires a total of 795 gage readings including 265
mathematical computations for wall thickness.

The Sheffield machine can complete the nspec-
tion and provide a printed record of al] d
approximately two hours.

ata in

The machine has the ability to make and record
up to 100,000 readings in o single inch. This per-
mits area or contour inspection with greater detail
and accuracy than ever before possible.

The Sheffield 5-Axis Numerica] Control Measur-
ing Machine will measure any point or angle within
the 20-inch gaging range to an accuracy okf one ten-
thousandths of aninch (-00017). Over a range of
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designed and manufactured numerous pieces of test
equipment for systems checkout. Included among
these pieces of checkout equipment are: Talos
Tactical Test Equipment (TATTE- AN/DSM-18);
Radar Simulator; Missile Specification Test Pro-
grammer; Talos Package Test Set; Universal Plugg-
able Unit Tester; and many others.

CHANDLER EVANS CORPORATION

During 1961, Chandler Evans Corporation placed
renewed emphasis on its program for product diver-
sification and on its capability to produce precision
components and assemblies, under subcontract, for
the aerospace industry.

At the same time. the company's production
facilities were devoted principally to the manufac-
ture of main fuel pumps and unitized fuel control
and pumping systems for many of the counn‘y"s
most advanced turbojet and gas turbine aircraft
powerplants. ‘

Early in the year, the successful completion of an
engineering contract for the development of proto-
tvpe valves to control water fHow in a nuclear en-
vironment resulted in a production contract for
valves that will be installed in the new General
LElectric NPR reactor at Atomic Energy Commis-
sion’s Hanford plant. Delivery of thesc units was
to be completed early in 1962.

In addition, the company was producing nuclear
environment water valves for another reactor manu-
facturer.

In another field, the company designed and suc-
cesstully tested an anti-icing additive injectiqn §Ys-
tem for aircraft jet engine fuel. Capable of han-
dling fuel flow volume up to 10,000 gallons per
ninute, the Ceco Liquid Ratio Controller .c:m con-
trol pre-selected additive injection ratios with grf:at
precision. The device can be applied to a \\'_1de
variety of chemical processes and fluid blending
operations.

During the year, Chandler Evans designed and
produced a thermostatic-type hot air valve to l?re-
vent nacelle icing on the turbofan powered Boeing
707 Jetliner. Ceco fuel pumps were ordere.d for the
Pratt & Whitney turbofan engines that will power
Lockheed's new C-141 military transport. Orders
likewise were received for a Ceco designed 1).neu-
matic control valve system lor the Bullpup atr-to-
surface missile manufactured by the W. L. .Mu_\'son
Corporation. And the company was proclucmg. con-
trol valves and pump parts for the Pratt & Whitney
liquid hydrogen rocket engine. .

As an extension of its broad experience with con-
trols und systems, Chandler Evans continued the
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design and testing phases of hot gas reaction con-
trol systems for spacecraft. Unique experimental
facilities completed in 1961, enhanced by precision
machining capabilities, carried the company’s de-
velopments in this area to an advanced state.

Orders on hand at year end for products of a
proprietary nature and for subcontract work in the
acrospace and industrial fields give promise that
business volume would continue at similar levels
throughout 1962.

COOK ELECTRIC COMPANY

During 1961, Cook Electric Company’s activities
again included several new developments in Re-
search and Development of new products for use in
missiles, spacecraft and communications.

The Cook Research Laboratories added to its
family of rocket vehicles the Chicago TII, a new
low cost, four-stage vehicle aimed at the growing
communications satellite industry. Cook Electric
Missile Nose Cone Recovery systems continued to
provide successful return of vehicles from outer
space. Latest use was the successful recovery of a
CREE vehicle on October 10, 1961. The Air Force
announced that this recovery was the 200th high
altitude sounding rocket launch at the Air Proving
Ground Center, Eglin Air Force Base. Developed
by Cook Electric Company, the CREE test vehicle
took part in the “Ballute” program for the recovery
of aerospace equipment operating at high altitudes
and supersonic speeds.

Cook Electric Company participated in a space
astronomy program through a contract award by
NASA and the University of Wisconsin for the
design, development and fabrication of the Univer-
sity of Wisconsin experimental package of NASA’s
Orbiting Astronomical Observatory. The equip-
ment will be borne aloft in an especially designed
spacecraft and will be operative for a period of a
year. This satellite is one of the series of experi-
ments being conducted by NASA aimed at increas
ing man’s knowledge of the environment of outer
space. This particular vehicle will carry five special
telescopes, four of them designed to observe the
characteristics of stars and the fifth designed to
observe nebulae.

The Cinefonics division of Cook Electric Coms-
pany, in addition to continued production of tech.
nical and briefing film reports for government and
industry, produced classified films on communica-
tions satellites, missile delense systems, air weather
reconnaissance and nuclear we

apon safety. Techni-
cal progress films recently made available for dis-
tribution include ”Rel:lys to Rockets,” “Para Re-

PN I . L “ . .
search Programs,” and Hardsite Networks.’
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every phase of the missile ordnance field. Equip-
ment being produced by GLA for missile applica-
tion included direct fuel ignition devices for use
on the Pratt & Whitney Aircraft LR-115 upper stage
liquid rocket and on the F-1, a 1.5 million pound
thrust rocket developed by Rocketdyne Division of
North American Aviation. GLA also developed
and manufactured high altitude second stage igni-
tion equipment for the gas generator of the Titan
missile, and a complete system, including firing
impulses for both fuel ignition and stage separation,
for the Pershing missile. In addition, GLA was
under contract with Douglas Aircraft Company to
produce a complete second stage ignition system for
the Saturn space vehicle.

GLA also accelerated its pace in the field of civil-
ian aircraft ignition, while continuing to produce
ignition systems for use by more than 35 of the
major jet airlines in the world and providing serv-
ice representation and documentation for every-
thing that GLA builds. New projects included the
jet engine ignition installations on the Lockheed
JetStar, four-engine executive transport, and the
Convair 990.

GENERAL PRECISION, INC.

General Precision, Inc., principal operating sub-
sidiary of General Precision Equipment Corpora-
tion, a holding company, marked 1961 by moving
into its new headquarters building in Tarrytown,
N.Y.

The new, two-story, 40,000 square foot building
houses the headquarters staffs of the holdix'lg com-
pany and of General Precision, Inc., which wa.s
formed in 1960 by the amalgamation of GPL.Dl—
vision, Pleasantville, N.Y.; Kearfott Division, Little
Falls, N.J.; Librascope Division, Glendale, Calif.;
and Link Division, Binghamton, N.Y.

In 1961, GP, Inc., and its four divisions operateq
facilities totaling more than 2,500,000 square feet of
floor space and employing more than 16,000 persons.
The company was engaged in research, (leve.lopme_m
and production of a wide range of electronic equip-
ment for the military services and civil use. ‘

During 1961, General Precision, Inc., was workfng
on several missile programs. Among p‘roducts- being
turned out were gyro relerence platforms for the
Bomare, Subroc and Talos missiles and floated gyros
for Atlas and Polaris. New programs brought to 33
the number of missile projects in which the com-
pany has participated. .

Kearfott Division was producing advanced navi-
gation systems for a number of military aircraft, and
Kearfott was also turning out synchros for trans-
mitting guidance data in the Polaris missile system.
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Librascope Division was producing a variety of
special purpose analog and digital computers, fire
control equipment and data handling equipment.
A highlight of the division’s year was the develop-
ment of a new, lightweight computer for controlling
and guiding spacecraft. Weighing only 19 pounds,
the L-70 computer uses a thin film of helium to re-
place the standard metal bearings on which the
memory drum spins. This development permits a
significant increase in the computer’s memory ca-
pacity, while reducing overall weight and eliminat-
ing mechanical wear in the memory drum unit.

One of the world’s smallest digital computers, the
L-70 measures 815 by 8 by 10 inches. It was success-
fully tested at vibration and shock levels greater
than existing space vehicle requirements.

Link Division was engaged during the year in
production of a number of types of simulators and
training equipment for aircraft, missile, space and
submarine applications. A new product was the
Link Model 60 trainer designed specifically for the
general aviation pilot, who can use it to develop
flying skills, navigational techniques and communi-
cations procedures. To simulate the flight perform-
ance of typical light and executive aircraft, the Link
Model 60 utilizes electronic analog computation.
Instrument readings and control responses are pro-
grammed so that the trainer duplicates the condi-
tions of dynamic stability which the pilot might en-
counter in flight.

General Precision, Inc. was also engaged in work
on the FAA’s Data Processing Central and in pro-
duction of new radar systems for target acquisition
detection, missile velocity measurement and fire
control.

The company’s research activities covered a broad
range during 1961. In progress during the year was
work in such areas as solid state celestial tracking
systems and Doppler space speedometers; optical
masers as light detectors and generators for ad.
vanced space communications; and optical correla-
tion techniques to determine automatically the posi-
tion of a vehicle above a planet. GP, Inc. was also
researching new, lightweight guidance systems em-
ploying new concepts of cryogenic gyros and nuclear
gyros making use of the spin of atomic nuclei as
gyroscopic reference.

In a top level personnel acquisition dur

ing the
year, GP, Inc., announced that former ¥

- | AA deputy
administrator James T. Pyle joined the company on

December 1 as vice president. Pyle was to be in

~ -y 5 - ~ L ! 7' § .
charge of the company’s W ashington office, and he

was also to serve on various corporate committees

relating to the company’s aerospace activities.
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of the spectral characteristics which various elements
in such debris may be expected to have, and is pre-
paring laboratory cloud “models” to study varying
degrees of distribution of uniform and nonuniform
particles. Tracking equipment to be developed will
be a logical outgrowth of the photometric tech-
niques which the company developed for the tracer
gas experiments. Other detection research programs
involved studies of theoretical “models” of debris
motion for the Defense Atomic Support Agency,
and studies to predict and measure the effects of
infrared radiation caused by high-altitude explo-
sions.

During 1961, the company received three addi-
tional contracts under ARPA’s overall ballistic mis-
sile defense program. These contruacts involved
studies ol nighttime atmosphere phenomena, in-
frared radiation, and missile exhaust gasses de-
posited in the upper atmosphere.

The David W. Mann Company, an instruments
division which was acquired in 1959, announced
development of the first commercially available
photographic exposure repeater for the transistor
industry in May, 1961. The instrument operates
with positioning accuracies of one micron (.0004
inches) in producing extremely precise photo-masks
required in transistor pmduction. Other important
new space-age analytical instruments also were de-
veloped during the year by the company’s Physics
Research Division. These include the first airborne
mass spectrometer designed to make the first direct
measurements of helium concentration in the earth’s
atmosphere (at altitudes ranging from 60 to 620
miles), and a ceramic photon counter able to detect
ultraviolet radiation within narrow bands between
1100 and 1850 angstroms. The counter was de-
signed for use as a laboratory aid in studying ligllt
sources, or as equipment aboard rockets or satellites
for solar ultraviolet research. The division als.o
announced development of a rugged mctal-cerz.lmlc
ionization gauge able to withstand extreme vibra-
tion, acceleration, and thermal shock forces encoun-
tered in rocket launchings and still obtain reliable
pressure and density measurements evern in tl.le
atmosphere of the moon. The instrument also \Yln
serve as a laboratory aid in controlling or checking
out simulated high altitude environments or other
high vacuum processing operations.

THE HALLICRAFTERS CO.

Two breakthroughs in acrospace electronics—one
uccomp'lishcd and one potential——highlighted activi-
ties of The Hallicrafters Co. in 1961.

The fait accompli was a Wideband High Inter-
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cept Probability (WHIP) reconnaissance receiver
which provides a sharper “eye” for spy-in-sky satel-
lites. Without tuning, this lightweight device di-
rectly identifies multiple radio and radar signals in
critical space communications and electronic war-
fare bandwidths. The WHIP receiver will also
detect attempts to jam satellite communications
systems.

The “potential” is wrapped up in company efforts
to solve the critical communications ‘blackout”
problem encountered by space vehicles as they re-
enter the earth’s atmosphere. The National Inven-
tors Council has designated this as one of the pri-
mary problems which must be licked before safe
aerospace travel can become a reality. Hallicrafters
researchers demonstrated that a properly directed
magnetic field will open an “electro-magnetic win-
dow,” permitting the passage of radio waves through
the friction-generated plasma sheath of charged air
about the re-entering missile. The company is cur-
rently readying prototype hardware for testing dur-
ing actual re-entry.

Other major Hallicrafters developments in aero-
space electronics during the past year included:

(1) An Incremental Microwave Power Spectrum
Analyzer (IPSA), which automatically plots and
provides a continuous display of power and fre-
quency measurements with laboratory accuracy
under stationary, mobile, airborne and shipboard
conditions. This makes it possible for the first time
to monitor the output of ECM jammers in Hight.

(2) A Code Translation Data System (CTDS
2400), for transmitting digital data between widely
separated locations (e.g., missile test ranges). It
transmits 2400 bits per second—the equivalent of
32 teletypewriters—over a single voice communica-
tion channel with a maximum error possibility of
1 bit in 105.

(3) A crystal-controlled multi-channel military-
type single sideband (S$B) radio communications
receiver for the 2.0 to 30-megacycle range with I.F
and image rejection better than 70 db and sensi.
tivity of 0.1 microvolt.

(4) A low-cost microwave pulse generator, {
radar and electronic warfare applications,

or

e which
produces millimicrosecond pulses at 1000-megacycle

frequencies from conventional radio frequency sig
nal generators. This device costs less than half th:t
of previously available equipment and can also
serve as a self-contained traveling-wave.

fier or as a serrodyned ampli%er fzl‘tube
translation.

ampli-
frequency

Establishment of a new RYFI (R

adio Frequency
Interference)

desngn and consulting service for
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manufacturers of electronic equipment systems and
sub-systems, an area in which design specifications
are becoming more stringent.

During the past year, Hallicrafters was awarded
military contracts covering production of electronic
warfare equipment on military aircraft, support
items, electronic penetration systems and an air-
borne target simulator system for use in testing
Nike Zeus anti-missile missiles. The company also
teamed with four other national concerns to form
a task group for the construction, activation and
maintenance of underground missile sites.

Hallicrafters remained a top supplier of airborne
electronic warfare equipment. It was the leading
Air Force contractor on QRC (Quick Reaction
Capability), the continuous red tape-cutting gov-
ernment program calling for quick development of
electronic hardware to meet new cold war situations.

Among the new products introduced by Halli-
crafters during 1961 were:

. —An airborne electronic timing set which permits

time correlation of simultaneous recording proc-
€sses at up to 10 or more separate locations or
vehicles with precision within 1 second per day.

—A portable R-F calorimeter which, in field or
lab, performs radio-frequency measurements on air-
craft antennas to 1,500 watts average power at high
accuracy.

—A mobile oil filter system for on-the-spot servic-
ing of hydraulic equipment and heat exchangers
on aerospace vehicles, particularly for electronic
equipment cooling systems.

—A mobile hydraulic lift for installing heavy
electronic gear through hatches onto aircraft.

—A portable electric cable tester for checking out
aerospace electronic equipment in the field.

HARVEY ALUMINUM

Accelerated activity in space age programs cou-
pled with vigorous corporate growth spurred the
Progfess of Harvey Aluminum during 1961.
w}ir:’f:(llrg. :?luminum Cfipaci'ty was increased 259,
Operationltlonal reduction {acilities were put into
compleven at Th.e ].)alleS, 'Oregon. The company
the acquisitri]jgona“ons with the government for
plant in A(lriZnOf an aluminum wrought products
in the plant W;SMIIC};lgf:ln, near Detroit. Installed
press capable of a 6,5.()() ton hydrau.hc forging
¢ : ] Producing large aluminum parts
or aircraft ‘and missiles. When Jlaced in full oper-
ation, the facility wil have an Iannual capacit))? of

25,000 tons.

Increased emphasis was directed (o specially de-
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signed structural aluminum extrusions for ground
support equipment and missile handling. Alumi-
num skin panels for the Titan and large diameter
tubes for missile bodies and components continued
in production. Aerospace applications for alumi-
num forgings, rings, and impact extrusions were
plentiful.

In titanium, the company delivered extrusions,
forgings, rod and bar, and billet to manufacturers
of gas turbine enginces and for the B-70 Minuteman,
Polaris, Dyna-Soar, and certain NASA projects.
High strength, high temperature resisting extrusions
were produced in stainless, Inconel, and precipita-
tion hardening steels for bulkhead rings, frames,
and other components for such programs as the
B-70 and Minuteman. Nuclear-grade titanium tub-
ing was made for the New Plutonium Reactor and
special titanium castings for the Polaris missile.

Unusual sizes of Zircaloy tubing, as large as 8
inches and as small as 14 inch in diameter, were
extruded for uranium jacketing in nuclear reactors.
These seamless tubes were used as the actual fuel
element. Large diameter tubing also was produced
in columbium for nuclear propulsion systems for
aircraft.

A significant step was attained in the ingot con-
version of refractory metals for aerospace vehicles
during the year. In a joint effort between Harvey
Aluminum research engineers and the Materials
Central at the Aeronautical Systems Division, Ex-
perimental Metallurgical Plant, Dayton, Ohio, de-
velopments were accomplished in the extrusion of
molybdenum alloys in the range of 4000° F and it
was expected that the extrusion success will stimu-
late design concepts for the utilization of refractory
metals in missiles, rockets, hypersonic aircraft, and
satellites.

The company'’s research laboratories in Torrance,
California, completed a noteworthy contract for the
development of non-ablating re-entry materials uti-
lizing plasma flame deposition.

HUCK MANUFACTURING COMPANY

The year 1961 saw a tremendous increase in the
use of patented Huckbolt fasteners in aircraft and
missile structural applications. In addition to pro-
viding a majority of the structural joint fastenings
in the man-launching Redstone, Huckbolt fasteners
were in extensive service in the outriggers and other
key joints in the Saturn booster, in the Atlas, Titan
II, Minuteman, and Polaris.

Huck Research and Development, in the field of
fastener design and application, yielded two major

AEROSPACE YEAR BOOK



new developments for aerospace—the Huck Blind
Bolt and the Taper Huckbolt fastener. The main
features of the new Huck Blind Bolt are: 1) ease of
blind installation; 2) speed of installation; 3) 95,000
psi shear swrength; 1) positive mechanical lock that
keeps pins from vibrating loose. The major advan-
tage of the Taper Huckbolt fastener is that it offers
outstanding structural and sealing characteristics in
wet wing applications, full AN bolt shear strength,
and swaged-on collar that does not loosen under
vibration.

Research in exotic metals, as well as laboratory
and field tests to meet higher strength and tempera-
ture requirements, also received much of the atten-
tion of Huck engineers and metallurgists.

Installation Tool Development kept pace with
the announcement of several improvement modifi-
cations for fastener installation and a new powerig
to operate its line of hydraulic installation tools.
Also under study: electric installation tools and
remote power sources. The company also reported
continuing interest in its precision ground, self-
broaching Huckbolt Fastener—a unique design that
broaches its own hole to provide leak-proof fasten-
ing for LOX tanks as well as other extremely critical
applications.

JACK & HEINTZ
A DIVISION OF THE SIEGLER CORPORATION

The year 1961 saw the merger of Jack & Hentz
into the Siegler Corporation to strengthen offerings
to the aerospace market. Significant progress was
made in the company’s all electric VSCF generating
system, its all electric drive system, rapid expansion
of the quick connect coupling line, and continued
growth in the commercial and executive aircraft
market.

The VSCF, an all electric variable-speed constant-
l're({uency generating system which eliminates the
need for a conventional constant speed drive moved
along rapidly.

During 1961, 40 KVA breadboard systems ol the
full rated type utilizing Secsyn brushless solid rotor
generators were designed and built in the laboratory
and demonstrated to representutives of the Air Force
and to aircraft manufacturers.

Based on feasibility studies made in 1960 on an
electric drive system for military and commercial
vehicles, Jack & Heintz obtained a contract {rom
OTAC in 1961 to equip an M 34 truck with an elec-
tric drive system, This system replaces the mechan-
ical transmission in the following manner: The
vehicle engine drives an electric generator whose
output is supplied to frequency changers (one for
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each powered wheel); the output of the frequency
changer supplies an induction motor which is
mounted in the wheel assembly. The speed of the
wheels and the vehicle is varied by controlling the
output of the frequency changer. The engine
speed and the wheel speed are independent and
controls are provided so that the engine auto-
matically operates at the most economical fuel
consumption point for the power demonstrated,
regardless of the vehicle speed. The system offers
advantages with regard to relative location of en-
gine and wheels, reduced maintenance cost and the
capability of using the engine and its generator as
a mobile power plant to supply electric power at
any frequency desired or supply direct current
power.

Jack & Heintz continued its established product
line of Quick Connect fluid couplings built around
a unique locking pin in lieu of the more conven-
tional ball bearing. This design innovation makes
practical a compact coupling with extremely high
pressure ratings, and is available in couplings with
either rotating or axial moving collars for motiva-
tion of the locking mechanism.

The aviation Roto Lock coupling manufactured
in aluminum and having a rotating collar was pro-
duced in self-sealing series or open series in sizes |4
thru 6”.

The Jack & Heintz Trigger Lock coupling is a
quality product line utilizing an axial collar which
is triggered into lock position by inserting the
nipple half of the coupling into the socket and is
cocked for the next operation by an axial pull on
the collar which releases the nipple. This coupling
available in aluminum or stainless steel is pro-
duced in sizes from 147 through 1147

The Jack & Heintz GSE line of air handling cou-
plings was being used extensively for connection
of hot air to jet engine military aircraft to start the
jet engines. From this original application, grew a
product line of large diameter air handling cou-
plings for cooling and heating of space vehicles
prior to launch wherein the coupling can be djs.
connected automatically by use of explosive, pneu-
matic, or electric power.

Jack & Heintz expanded its penetration of the
general aviation in(!ustry, with equipment on the
JetStar, the F27 l<r161}dshxp, the Grumman Gulf-
stream and the Aero Commander Executive Trans-
porp,‘ and started a program of establishin
distributors, It was expected that this network, con-
sisting of three distributors ang their branch offices,

would be established and operating by the end of
1961.

g aviation
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helicopters will be made by Lear. A contract re-
ceived in mid-1961 called for installation of Lear
L-5H autopilots and command instrument systems
in New York Airways’ new fleet of Boeing Vertol
V-107 25-passenger helicopters. The Astronics’ four
axes autopilot and the command instrument system
will, for the first time, give helicopters Instrument
Flight Rule (IFR) capability and with future sys-
tem growth, automatic landings.

Also in the field of automatic flight control sys-
tems, Astronics’ guidance and electrical system com-
ponents for the DSN-1 drone helicopter successfully
completed flight testing in 1961. Undergoing flight
test at year-end was the DSN-3 turbine powered
drone helicopter. Developed for the Navy's DASH
(Drone Anti-Submarine Helicopter) weapon system
program, the DSN-1 and DSN-3 will lengthen and
strengthen naval capability in anti-submarine
warfare.

Of major importance in strengthening Lear’s
position in the commercial air transport industry
was the purchase of Lear L-102 autopilots by United
Air Lines. Placed in domestic airline service in mid-
year, they were the first installations of a Lear auto-
matic flight control system on a major domestic
airline.

Among the other systems in production at As-
tronics throughout the year were: two-axis stability
augmentation system for the Northr0p T-38 Talon;
modular transistorized command maneuvering sys-
tem for the Ryan Q-2C, Firebee drone target mis-
sile; and pitch dampers for the Fiat G-91, NATO
tactical fighter.

INSTRUMENT DIVISION, GRAND RAPIDS,
MICHIGAN

The year saw the Instrument Division continue
to expand and consolidate its engineering and
manufacturing facilities to remain one of the 'in-
dustry’s most modern and well equipped manu-
facturers of precision components and systems for
manned and unmanned flight vehicles.

Major 1961 products of the division included:
flight indicators, gyro-stabilized platforms and com-
passes, automatic bombing systems, displacement
and rate gyros, synchros and aircraft ground sup-
port and checkout equipment.

Continuing production of AJB all-attitude
indicating and low-altitude bombing systems for
the Navy's A4D-2N and F4H jet ﬁghter-attack air-
craft brought the total dollar value of the Instru-
ment Division program to approximately $42-mil-
lion. More than $1.25million of an eight million
dollar contract received in 1961 will be for AN/AJB
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system ground support equipment. Programming
a low altitude toss or over the shoulder bombing
maneuver, the AN/AJB system is unique in that it
simultaneously provides the pilot with accurate
casy-to-read compass headings, all-attitude informa-
tion and bomb guidance on a single indicator. This
indicator, the instrument panel portion of the sys-
tem, is similar to the three-axis Lear Astra flight
director-attitude indicator presently installed in the
X-15, the world’s fastest aircraft.

Conducting man/machine research in the rela-
tively new control/display field for the past four
years, the Instrument Division received two con-
tracts in 1961 for aero/space design studies.

Under a contract received early in the year, the
division’s Advanced Engineering Department con-
ducted studies for Project Apollo. Working with its
teammates on the project, the division assisted in
cockpit design and layout, writing the functional
display design specifications and preparing the phys-
ical specifications for the vehicles instrumentation.

Initial research for the display portion of an anti-
submarine warfare (ASW) data processing system
was being carried on for the Naval Air Develop-
ment Center. A member of a specialized team under
the overall management of General Precision, In-
corporated, Lear’s control/display group will con-
duct a six months’ study leading to the development
of the ASW data processing and display system. The
study will seek to define the necessary data process-
ing and related display requirements of an airborne
display system, requirements which when met, will
materially improve detection and kill probability.

In the field of air traffic communications, the
Lear Instrument Division received a contract to
design and build the cockpit portion of the Federal
Aviation Agency’s AIDE (Airborne Insertion-Display
Equipment). Both incoming and outgoing mes-
sages composed of letters and numbers reading from
left to right in natural syntax will be presented on
a single 414" x 514" display panel. The instrument
will be capable of displaying 64 separate words and
phrases, which coupled with four additional num-
ber-and-word readouts, offers an almost infinite
number of message variables.

In addition to Lear autopilots entering service
on United Airlines and New York Airways, the
three largest helicopter airlines in the United States
selected the division’s Lear Integrated Flight Equip-
ment (L.ILF.E. C.I.5.-100) for their new fleets of
turbine-powered helicopters.

To meet the need of high-speed aircraft and space
vehicles for a manual control device that can be
operated under high “G” forces, the Instrument
Division developed a three-axis force controller that
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Airborne contamination has been reduced to less
than 5,000 particles of over .3 of a micron in size
per cubic foot of air (a single particle of cocoa or
face powder measures 5 to 10 microns). The air in
the halls outside these rooms, normal air, contains
nearly a million such particles per cubic foot.

Honeywell's expanding overseas operations made
new progress in August when the company an-
nounced it had reached agreement with British
Aircraft Corporation to form a joint organization
to develop, manufacture and market inertial guid-
ance systems for aircraft and missiles in Europe.

The organization is called *“Inertial Guidance—
Europe’ and will headquarter in Paris with a staff
of representatives {from both companies. The com-
panies will participate jointly in all facets of the
program, including marketing, development, design,
production and field service.

The Duarte, Calif., engineering facility of Honey-
well’s Ordnance Division received a significant con-
tract during the year from NASA’s Goddard Space
Flight Center for the design and construction of a
space environment facility at Greenbelt, Maryland.

The contract involves two space chambers to
checkout and test large spacecraft. It was believed
that the chambers when completed would be the
largest in the nation. They were scheduled to be in
operation by October 31, 1962.

The Ordnance Division also introduced a family
of solid state magnetic core oscillators for which it
claimed state-of-the-art advances in accuracy, relia-
bility and miniaturization. The oscillators, or
timers, have applications in projectiles, missiles,
space vehicles and satellites.

Other work at Honeywell Ordnance included
delivery of a $1,000,000 shorebased trainer for the
Navy’s ASROC anti-submarine weapons system and
delivery of a big semi-automatic teletypewriter mes-
sage distribution system to the Army Signal Corps
at Fort Gordon, Georgia.

Some major contracts received by the company
during the year included:

Primary and secondary inertial navigation sub-
systems for the Dyna-Soar maned space glider, work
to be done at the Aeronautical Division facility in
St. Petersburg, Fla.

The flight control system for Dyna-Soar, work to
be done at the Aeronautical Division in Minne-
apolis.

Inertial guidance system for Saturn, to be devel-
oped at St. Petersburg.

Inertial guidance system for the Air Force's Satel-
lite Inspector Program, to be developed at St.
Petersburg.

Ground Support Equipment for the Atlas “I™
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series, to be produced at the Special Systems Divi-
sion in Pottstown, Pa.

Follow-on production order for Centaur inertial
guidance systems, to be built at St. Petersburg.

Other important projects which continued dur-
ing the year at Honeywell included:

Production of the ASROC missile, an anti-sub-
marine rocket system developed for the Navy's
Bureau of Weapons, under technical direction of
the Naval Ordnance Test Station. Honeywell’s
Ordnance Division is prime contractor.

Development of a super-accurate shipboard iner-
tial navigation system for Polaris missile-fiirng sub-
marines, based on Honeywell's new electrically sus-
pended gyroscope. The only moving part in the
new gyro is a beryllium sphere machined to accu-
racies better than 5 millionths of an inch.

Development and construction of an advanced
aerospace reconnaissance systems dynamic analyzer
for the Aerial Reconnaissance Laboratory of the
Wright Air Development Division. The sophisti-
cated device will simultaneously create the heat,
cold, vacuum, vibration and roll, pitch and yaw en-
countered by space vehicles.

Development of a nuclear submarine training
center which will electronically simulate full-scale
sea battles to train the crews of Polaris-armed and
other nuclear submarines in the tactics of underseas
warfare. The trainer, utilizing a giant computer
and advanced electronic techniques, was being built
for the Naval Training Devices Center.

Development and production of miniaturized
inertial guidance systems for an Army surveillance
drone being built by Fairchild Aircraft and Missiles
Division.

Development and production of guidance and
stabilization systems for the Scout and Blue Scout
multi-purpose space vehicles. Honeywell’s system
includes new ultra-accurate gyroscopes, servo con-
trol systems, a programmer, and hydrogen-peroxide
reaction controls.

Development and production of guidance refer-
ence systems for the Titan missile. The Titan refer-
ence system, an advanced version of the “strap
down” concept, provides the electronic brainwork
for the first two minutes . of flight of the Titan.

Production of inertial guidance platforms for the
Polaris missile. Honeywell was teamed with Hughes
Aircraft as a second source supplier of this system.

For Project Mercury, Honeywell produced the
attitude stabilization and control system for the

space capsule, an attitude and rate indicating sys-

tem, an earth path indicator, ground support equip-

ment and was also responsible for extensive human
factors studies.
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MOTOROLA INC.
MILITARY ELECTRONICS DIVISION

Motorola Military Electronics Division increased
its activity in the aerospace field in 1961. The divi-
sion’s range of interest included missile and space
systems instrumentation and controls, military com-
munications systems and equipment, radar and
microwave, aircraft navigation and control, elec
tronic warfare, undersea warfare programs and
devices, solid state electronics, systems management
and studies and research.

Large scale manufacturing of radar, communica-
tion, guidance, and control equipment continued,
and research and development work in these and
other fields continued. Creation of the new Space
Technology Group at Western Military Center in
addition to Division direction of work in this area
reflected the heightened interest. A new clean room
was installed at this Center and additional test range
facilities were acquired.

Ranger spacecraft rely on the performance of
Motorola electronic equipment including a Flight
Data Encoder and an all solid state airborne trans-
ponder consisting of an extremely narrow band
phase-locked receiver and an integrally related
transmitter.

Comprehensive measurements of operational and
navigational data aboard the Ranger will be as-
sembled for transmission by the Flight Data En-
coder. The transponder will generate the telemetry
carrier, receive ground commands, and translate
carrier frequencies for two-way Doppler velocity
measurements,

The NASA Project Mercury spacecraft used
Motorola’s Command Receivers designed to pick up
vital control and emergency signals from earth.

In 1961, transponders were being produced for
numerous contractors, all branches of the military
service, and NASA. Applications included any
stage of any tactical, intermediate, strategic or deep
space missile, including the satellite or vehicle it-
self. Transponders also were developed for aircraft
and shipboard installations.

Command receivers, transponders, and telemetry
equipment saw failure-free service in many other
missiles and space vehicles including Mercury,
Polaris, Minuteman, Ranger, Bomarc, Pershing,
Skybolt, etc. Motorola equipment for the Pioneer
V space probe helped track the vehicle the unpre-
cedented distance of 22,500,000 miles. ADVENT
and other forthcoming vehicles will also carry
Motorola equipment.

Motorola received a contract to develop and pro-
duce high-power C-band pulse transponders for the
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Air Force Missile Test Center at Patrick AF Base,
Florida. An initial quantity of four prototype trans-
ponders will be developed by the company’s West-
ern Center in Scottsdale, Arizona. The new trans-
ponder will have applications for scientific missile
and satellite tracking.

Two concurrent contract awards for precision
satellite tracking equipment were received by the
Military Electronics Division from a prime con-
tractor to the Air Force. The first contract involved
a quantity of UHF Doppler tracking receivers to
be installed at Air Force tracking stations for gath-
ering critical distance and velocity information
from orbiting communications satellites. The sec-
ond award was for a number of Doppler and Mono-
pulse Tracking Subsystems that will be used to up-
date tracking systems now in service. The receivers
employ the principle of “phase-lock” detection to
their ability to receive faint signals coming from
extremely long distances.

Western Center was also awarded a contract by
The Boeing Company for additional equipment
used in the Air Force Minuteman missile flight test
program. The new contract will provide Boeing
with additional units of the Motorola Command
Receiver.

Production was underway on the USC/3, a new
Army combuat communications system, first units of
which were scheduled for delivery to the Army Sig-
nal Supply Agency late in 1961. The USC/3 Com-
munications Central (formerly AN/MRC-66), a
mobile, single side-band system, provides far greater
reliability and communications flexibility than con-
ventional telephones. Additional contracts were
received for the AN/URC-10 high-powered air-sea
rescue set. Motorola was also developing a helmet
radio.

The TP3000 Teleprinter was developed at
Chicago Center and was being manufactured under
contract for the 465L. SAC Central System. This
non-impact teleprinter features solid state circuitry
for high reliability with separate translator and
printer for flexibility and economy.

The Systems Research Laboratory in Riverside,
California, announced the availability of the first
low-cost MIL-E-5400 Broadband VHF Amplifier.
Weighing less than six ounces and costing less than
$600, the miniature Motorola LPDO1 Amplifier is
a rugged, plug-in module that can be readily cas-
caded for increased gain requirements.

Motorola drew from extensive experience in
microwave systems to develop a new militarized
radar relay system for the Air Force. The FRQ-I1
Data Link System, installed at Bunker Hill AFB,
was the first military-approved system of its type.
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computer-analysis of accurate data on equipment
failure mechanisms. Under the new contract,
Motorola will conduct a field test program to prove
out the cffectiveness of the life prediction concept.

The Solid State Integrated Circuits Laboratory
under contract to BuShips will study new ap-
proaches to the development of thin-film and ferrite
inductors on ferrite substrates and to put thin-film
inductors on glass substrates. Goals for the first
month of the program included review of available
ferrite substrate materials, formation of inductor
coils on ferrite material and on glass substrates, and
calculation of inductance values that would be com-
patible with the required substrate form factor.

A study to establish evaluation techniqucjs erlld
methods for latest thermal design advances in air-
borne electronic equipment was in progress at the
Military Electronics Division under contract to the
Navy Bureau of Weapons. ,

The Radar Systems Laboratory at Motorola’s
Western Military Center established a formal pfo-
gram of circuit technique investigation. The studies
will concentrate initially on radar transponders,
small missile systems, and antennas, and those show-
ing promising results will be applied to the Labora-
tory’s future development programs.

MOTOROLA WESTERN CENTER

During early 1961, Motorola Western Center was
expediting development of the Mission and T.rafﬁc
Control Subsystem AN/ASQ-43 and associated
Aerospace Ground Equipment (AGE) for the B-‘70
Weapon System. In the role of system manager for
the AN/ASQ-43, they were responsible for. develop-
ment and control of the various functions; i.e., Short
and Long Distance Communications, Ins.trument
Landing System (I1LS), Radio Navigation Aids, Ren-
dezvous Beacon, IFF and Integrated Conu"ols and
Displays, whether the functions were an in-house
or subcontracted effort.

The M&TC Subsystem design was considerably
sophisticated, highly transistorized, utilized modular
construction and incorporated the very liatest tec}T-
niques known to the CNI (Communicauon, Navi-
gation and Identification) field. The AN,/ASQ'43
was to be truly the forerunner of tomorrow’s genera-
tion of aerospace CNI systems as it would meet the
requirements of present and all foreseeable aero-
space vehicle applications.

Until 1958, the integrated subsystem al)})rOflCh to
development of CNI systems had never b(}@n imple-
mented. Motorola Western Center was first to use
this approach, coupled with advanced systems 1?12111-
agement techniques, to design and develop an inte-
grated subsystem tailored in the aspects of volume,
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size, weight, power and cooling into the aerospace
vehicle in an optimized design providing required
functions with high reliability and at minimum cost.

The associated AGE was of the automatic type,
compatible with the Programmer-Comparator AN/
GJQ9, and comprehensive enough to satisfy all
requirements for flight line, shop and depot main-
tenance.

Even though the B-70 Weapon System was re-
oriented to an experimental program and the
M&TC subsystem program was cancelled in the first
half of 1961, Motorola continued to monitor the
B-70 program, its progress and changes in philos-
ophy.

SEMICONDUCTOR PRODUCTS DIVISION

Research, expansion and diversification marked
significant milestones in the history of Motorola’s
Semiconductor Products Division,
Phoenix, Arizona, during 1961.

Already a leading manufacturer of semiconductor
devices towards the end of 1960, Motorola SPD
entered the New Year as the first concern to develop
practical production methods for the epitaxial
growth process (a technique which had been pro-
posed earlier by Bell Laboratories). This new
process for semiconductor fabrication, called one
of the outstanding new developments in the elec-
tronics field, not only has resulted in improved
transistor performance, but paves the way for the
production of far more complex electronic devices
such as integrated circuits. During the year, Motor-
ola turned to the cpitaxial process for the fabrica-
tion of all its silicon transistors and was in the
process of converting its high-frequency germanium
transistor line as well.

In May, Motorola received a $1.5 million Air
Force contract for the development of integrated
circuits. This led to additional progress in the
epitaxial field and resulted in the ability to grow
multiplayer crystal films. Additional research into
new methods of encapsulating semiconductor de-
vices by application of advanced surface passivation
techniques has yielded practical results.

By October 1961, Motorola announced that it had
developed several practical integrated circuit devices
for both military and commercial applications.
These devices were unique in the industry in that
they could be used to replace conventiona] circuits
in existing equipment rather than forcing the de-

sign of new equipmet conforming to the require-
ments of the integrated circuigs,

located 1In

With a view towards optimizing transistor per-
formance, the company, during the ye

ar, completed
an investigation

mto the effects of moisture on
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Production was expected to begin early in Janu-
ary 1962 under a contract to overhaul Tyne engines
for Slick Airways. Two of the four CL-44s this
carrier had on order were scheduled for delivery
late in 1961.

During 1961, PAC realized the highest engine
overhaul production volume since 1952, and all of
the contract work was for commercial customers.
In addition to JT3C turbojet overhaul for Conti-
nental Air Lines’ 707s, the company continued to
overhaul in excess of 40 piston engines a month.
More than half of this work was for foreign airlines
which are now operating piston-powered aircraft
released by U. S. carriers as jet planes were placed
in service.

Rework and modification began on Pratt & Whit-
ney's J52 turbojet engine for the Hound Dog mis-
sile. Additional volume was represented by rework
of P&WA’s JTI2 turbojet for the Lockheed Jet
Star.

Five Convair 440 aircraft were converted to the
Allison turboprop engine configuration under con-
tract with the Federal Aviation Agency. Four of
these planes were delivered from 20 to 5 days ahead
of schedule and the fifth airplane was delivered
exactly on schedule. FAA will use their converted
Convairs in monitoring intermediate altitude navi-
gation systems. Two Allison-Convair conversions
were also delivered to corporate customers during
the year.

PAC was supplying “Spraymat” electro-thermal,
anti-icing systems for engine inlet ducts on Lock-
heed F-104G Starfighters being built for Italy, West
Germany and the Netherlands under the NATO
program. Valued at approximately $1 million, these
new orders supplemented a half-million dollar back-
log of similar equipment for F-104s being built by
Lockheed and Canadair.

European deliveries were to be made to the Fiat
company in Torino for the Italian-produced F-104s
and to Westfalische Metall Industrie, Lippstndt,
Germany, suppliers of Focke-Wulf, Bremen, Ger-
many, and Siebelwerke, Donauworth, Germany.

In addition to Spraymat production, PAC’s Flight
Support Division in Culver City, California, con-
tinued to build specialized hydraulic, pneumatic
and electrical test equipment for testing aircraft
engines and systems. A major assignment was the
complete installation of a large fuel facility at
Tinker Air Force Base, Oklahoma City. Non-mili-
tary customers included U. S. and foreign airlines
and components and aircraft manufacturers.

The company’s distribution activities increased
approximately 20 percent over 1960. Provisioning
of United Air Lines' Caravelle flcet represented a
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major program at one location. New distributor
agreements were signed with.the South Wind Divi-
sion of Stewart-Warner Corp. and with Jack &
Heinz, Inc.

Sales to the general aviation market increased ap-
preciably at mid-year. A joint program with aircraft
component manufacturers resulted in the establish-
ment of the Aviation Quality Council program to
eliminate the use of bogus parts and jerry-built
service in the maintenance of private and business
aircraft. Within the first eight months, 89 manu-
facturers and 94 associate distributors or dealers had
joined with PAC in the Quality Council program.

In August, PAC established the International
Division to handle the company's aircraft, engine
and parts supply activities in foreign markets. This
new division absorbed the activities and personnel
of Pacair, Inc., a wholly owned subsidiary of PAC
since 1955. To augment the coverage of aéents and
representatives in 30 countries, regional managers
were appointed for South America, Europe and the
Far East.

REEVES INSTRUMENT CORPORATION

The year 1961 again saw a marked increase in
radar systems development and production at Reeves
Instrument Corporation. Particularly significant
was an improved design of the VERLORT (Very
Long Range Tracking) radars originally developed
for the Discoverer satellite program. The newly
designed system 1s capable of tracking to ranges
beyond 5000 miles, and employs wide-band para-
metric amplifiers capable of covering the entire
operating spectrum without tuning. The reflector
and scanner of the radar are mounted on a high
precision two-axis pedestal which has a tracking
accuracy of 0.1 milliradians.

In addition to the VERLORT radars, Reeves
was also producing a large number of radar bomb
scoring systems, as well as radar drone contro]
systemns.

Reeves in 1961 had under development 3 minia-
turized three-axis stable platform whose outer gim-
bal measures only six inches in diameter, Designed
for use in coordinate transformation Systems, the
platforms employ size b pancake resoly
design. The resolvers are mounted dj
gimbal structure.zs, thereby .eliminating
additlonal'shaftmg or gearing. Gimbal drive is pro-
vided by integrally mounted d.c. torquer motors
This type of motor desig.n onserves both weight.
and space, and also requires no gear trains. The
platform uses Reeves’ designeqd 121G
gyros, which measure only

€rs of special
rectly to the
the need for

gyros. These
1.2 inches in diameter
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Commercial production during the year included
manufacture of pods, struts, stabilizers, aft sections,
sound suppressors and thrust reversers for the Boe-
ing family of turbojet and turbofan airliners; pods
and struts for the Convair 880 airliner and twin
turbojet pods and thrust reversers for the Lockheed
JetStar executive-military transport. Preliminary
work also started during the year on components
for the new Boeing 727 short-to-medium range
airliner.

In the rocket, missile and space component fields,
Rohr participated in a number of new programs
during the year. The company produced filament
wound components for the Lockheed Polaris mis-
stle and heat shields for the Lockheed Agena satel-
lite. For Atlantic Research Corporation Rohr
manufactured fins for the Iris and Arcas sounding

rockets, employing both adhesive bonding and con-

ventional structure.

Production was completed during the year on the
company’s first large antenna structure—a 60-foot
reflector manufactured by Rohr as a subcontractor
to the Hufford Division of the Siegler Corporation,
El Segundo, California. Rohr research efforts in
this field led to a number of design improvements
now incorporated in pending antenna proposals.

The company accomplished a major advancement
in the art of filament winding during the vyear,
designing, building and putting into production a
numerically controlled filament winding machine
capable of producing engine cases for the largest
mtercontinental missiles.

Substantial advancements also were made in the
field of high energy forming. Electrical discharge
forming was developed into a usable production
method. Production of stainless steel honeycomb
core was improved through utilization of additional
Rohr-developed core making machines.

In cooperation with the Remington Rand Univac
Division of Sperry Rand Corporation, Rohr devel-
oped a numerical control programming system for
machine tools suitable for use with small to medium
scale computers. This programming system, ‘intro-
duced in September, is expected to make numerical
control benefits available to a much larger segment
of the machine tool industry. Development of this
programming system was accompanied by other
refinements in the utilization of numerically con-
trolled equipment.

At the end of the fiscal year, Rohr'’s production
facilities covered 2,060,193 square feet in manufac-
turing plants at Chula Vista and Riverside, Cali-
fornia, and in assembly plants at Auburn, Washing-
ton, and Winder, Georgia.
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SOLAR

A SUBSIDIARY OF INTERNATIONAL HARVESTER
COMPANY

Since becoming a subsidiary of International Har-
vester Company in early 1960, Solar continued to
make progress and diversify its activities in the
aerospace field. During the year, Solar intensified
its research and development program and made
significant achievements in the areas of high tem-
perature brazing and space age metallurgy. Produc-
tion was increased in auxiliary power units and the
manufacture of aircraft components. Additionally,

a new gas turbine was introduced and adapted to

aircraft ground support.

In 1961 Solar’s experience in metallurgy and braz-
ing techniques moved the company further into the
space age through a contract to design, develop and
fabricate frontal sections for a space re-entry vehicle.
Design requirements of the components called for
them to withstand temperatures of 4500 to 5500
degrees Fahrenheit for prolonged periods with a
re-entry velocity of 35,000 ft per second. Proposed
basic structure of the components is of tungsten,
tantalum, or alloys of these two materials, with a
ceramic oxide coating to provide a protective shield
against the atmospheres in which they will travel.

Emphasis at Solar was on research and develop-
ment and the mobilization of skills in new areas
such as refractory material used in space vehicles,
nozzles, aircraft ground suppressors and components
for nuclear power applications. During 1961, the
company was experimenting with tungsten nozzles
and lithtum cooled rocket nozzles, in addition to
producing precision honeycomb structures.

Another exotic engineering program underway at
Solar was the development of a prototype radiator
condenser for a space nuclear power plant. Ducting
components for an advanced space vehicle was still
another intriguing project occupying the attention
of the company’s engineers.

Orders increased during the year for boundary
layer controls systems for the Navy's crack F4H
Phantom II fighter. The Solar manufactured com-
ponents make possible lower speed landings for the
jets. The company was also awarded a contract to
develop a prototype of the hot gas eductor system
for an Army aircraft that will have vertical take off
and landing characteristics. Still another contract
called for components for the Minuteman missile.

Besides. supplyi.ng ducting and other components
for a variety of aircraft, Solar was developing com-
ponents for the Mach III B-70 bomber. Made of
high strength Inconel X in thicknesses from .008 to
.016 of an inch, the ducting system will total approx-

imately 200 linear ft. It will withstand pressures
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terdependent equipment which provides a very
high order or accuracy in determining the sub-
marine’s position anywhere beneath the surface
of the sea.

Sperry’s contribution to the Polaris missile itself
was made public recently with the announcement
of a contract for production of tiny prototype ac-
celerometers for a new, lightweight and more ac-
curate missile guidance system which may help
to increase DPolaris range from 1,200 to 2,500
miles.

Surface ships earned added protection as work
continued at Sperry on multi-million dollar Navy
contracts for Talos and Terrier surface-to-air mis-
sile guidance radars and weapon direction equip-
ment. These missiles were being installed on new
classes of cruisers and aircraft carriers.

The third, fourth and fifth giant Sperry search
radars for the nation’s SAGE air defense network
were turned over to the Air Force during 1961.
The antennas for the massive FPS-35 systems are
half the length of a football field and stand 40
feet high atop 85-foot concrete towers.

Development continued on the target track and
discrimination radar transmicters for the Nike
Zeus anti-missile system, with efforts pointed toward
system tests in 1962 against missiles fired down
the Pacific Missile Range. A 100-million watt
power supply was installed at Sperry to test the
amplifier tubes for the Zeus transmitters.

Deeper into space, microwave engineers in
Sperry’s Surface Armament Division revealed de-
tails of the frst method for receiving “action”
television from space vehicles hundreds of millions
of miles from earth. The new system opens the
way to advances in space communications and
navigation between planets.

Sperry’s Air Armament Division in 1961 was
given the go-ahead to develop and manufacture
a gyro platform that will furnish precise reterence
data to the Strategic Air Command's proposed
B-70 trisonic intercontinental jet bomber.

Complementing production of bombing-naviga-
tion systems for USAF’s B-58 supersonic jet bomber,
Sperry designed, produced and delivered ground
checkout systems that reduced bomb-nav checkouts
from days to hours. Completely automated, the
new system vastly improved the hour-to-hour com-
bat readiness of the SAC bomber.

Sperry’s new infrarved-optics group began work
toward the application of laser rescarch to prac-
tical optical systems. One of the first developments
announced by the group was a device to modulate
light at microwave [requencies, and aid to both
conununication and space navigation.

THE INDUSTRY

Aerospace flight research in 1961 saw new speed
and altitude records being set almost monthly by
NASA’s X-15 rocket plane. Sperry’s inertial flight
data system guided X-15 pilots from the moment
of launch through the hypersonic acceleration
phase of each flight and provided them with in-
formation to control re-entry into the earth’s
atmosphere.

Alr Armament engineers continued to advance
aerospace  technology with development of
SPIRAIL, a lightweight airborne inertial-radar
altimeter with long-time accuracies to within hun-
dreds of feet, even at 200 miles above the earth.

Inertial guidance instruments and computers
also were reduced to miniature proportions while
sacrificing none of the fantastic performance and
long life demanded by space applications:

Tiny navigation gyros less than three inches
long were marketed with drift rates so low that
a rocket employing the guidance devices on a
flight to the moon would land less than a mile
from its programmed target. And gyros were de-
veloped with spinning masses of liquid replacing

_conventional rotating wheels—offering near-perfect

stabiﬁ[y for balancing space platforms carrying
extremely delicate instruments.

A miniature memory drum that can spin in-
definitely and store an unprecedented amount of
information for a parent space system computer
also was developed by Sperry, along with the first
digital computer to employ magnetic cores in
every circuit.

In an area cloaked by military secrecy, Sperry’s
countermeasures scientists devised new methods
for jamming enemy radars, employing special,
high-level noise sources for a low cost, high power
transmitter.  Another Sperry system was under-
going Air Force tests at Eglin AFB, Fla., and the
service awarded Sperry a study contract to de-
termine what new countermeasures techniques may
further ensure that U.S. missiles can penetrate
enemy radar defenses.

Sperry also was active in aircraft collision pre-
vention, putting under FAX tests an antenna de-
signed as the heart of an airborne pilot warning
system. The system would alert the pilot well in
advance of a collision {rom any  direction and
prescribe a proper escape maneuver. This infor-
mation also could be fed directly into the p!
automatic pilot which would then c¢a]] for
tion ol the escape maneuver.

A data processing cost and production control
system devised at Sperry resulted in increased
managerial efficiency and a saving of $2 million
last year. Under the PACC (product administra-

ane’s
execu-
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tion and contract control) system, nine data
processing people perform functions previously
handled by more than 200. Covering engineering,
design, sales, cost accounting, payroll, publications,
spares, production control, reliability and estimat-
ing, PACC is utilized by six major product groups
at Sperry.

REMINGTON RAND UNIVAC

Early in 1961 the Univac Division announced
major scientific achievements leading to three new
computer systems. After several years of intensive
research, scientists perfected thin magnetic film
memory, the fastest form of computer memory yet
developed.

In this kind of memory, information is stored
in the form of magnetism imposed upon extremely
thin dots of a special material. Up to now, the
shortest time required to retrieve information from
memories has been rated in millionths of seconds.
Magnetic thin-film makes possible speeds of bil-
lionths of a second.

To meet the needs of the government for a
computer. that can solve problems virtually as
soon as they are posed, or in ‘“real time,” Reming-
ton Rand developed the UNIVAC 1206 Military
Real-Time Computer. It is an especially rugged
and compact package that can record all the in-
formation sent from a rocket and transmit guid-
ance signals back to the rocket.

Remington Rand Univac’s Military Department
delivered its first Nike Zeus target intercept com-
puter to the Army’s White Sands Missile Range.
The computer is designed to help guide the Zeus
missile on its flight to destroy enemy warheads
approaching the United States.

Univac also stepped up deliveries of Athena
ground guidance computers for the Titan missile
program.

After several years of secret research, it was re-
vealed that Univac has been involved in NTDS
(Naval Tactical Data System). During the year,
the Navy awarded a contract for NTDS computer
systems, each composed of a series of consoles
which display schematic pictures showing targets,
their type and movements and the defensive and
offensive postures of friendly ships and aircraft.
Thus, from the control center in the command
ship, it is possible to deploy a whole task force as
easily as a single vessel.

FORD INSTRUMENT COMPANY

Ford Instrument Company, under contract with
the Air Force, developed an inertial guidance sys-
tem for aircraft or missiles which does away with
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the conventional stable platform. In this system,
the inertial components (gyros and accelerometers)
are “strapped down” on the frame of the vehicle,
and digital computers translate the inputs into
information similar to the outputs of the conven-
tional stable platform.

Also developed by Ford Instrument was a new,
high-accuracy air-bearing gyroscope known as the
FG-100. Only 2.5 inches in diameter and weighing
less than 1.5 pounds, this gyro surpasses the AB-9
and AB-7 in basic reliability, reduced drift and
minimized requirements for auxiliary equipment.

One of the most promising sources for auxiliary
power in space craft is the thermionic energy con-
verter. Ford Instrument Company was perform-
ing extensive research and development work on
low-temperature converters based on the low-
voltage arc, metal-ceramic techniques and related
problems. The company delivered prototype equip-
ment to the Air Force for evaluation.

Sperry Farragut Company was building inertial
guidance equipment for the Saturn program as
well as having furnished key guidance components
used in the first two successful Mercury-Redstone
shots.

VICKERS INCORPORATED

Vickers hydraulic equipment has played a role
in almost every major U.S. missile program. The
division entered the field of fluid and vapor tem-
perature control with a new line of products for
the cooling of electronic equipment in radars,
aircraft and missiles. This field takes on increasing
importance as overall electronic power packages
shrink in size while advancing in power. Cooling
by direct liquid contact rather than by air becomes
a necessity 1n many cases.

Under a NASA contract, Vickers began research
on a jet exhaust system to stabilize and position
space vehicles in free flight. Vickers designed and
built a space vehicle simulator for this project.
Although it weighs two tons, the simulator can
be set in motion with the light touch of one finger.

The company also invested in study and de-
velopment of cryogenic power systems for driving
pumps, alternators, temperature and atmospheric
control systems for space vehicles.

Active in. the Polaris program, Vickers supplied
nuclear reactor controls which monitor the power
plants of the atomic-powered submarines. Vickers
hydraulic control valves also were abroad the
Polaris submarines.

Many of the devices that handle and launch the
Polaris missiles embody Vickers components, and
the special motor-pump that drives the main hy-
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communication systems and radars, and continued
research in circuitry, plasma and lasers.

A new liquid-cooled helix traveling wave tube
will hike the power of airborne radar-jamming
systems by 60 times, while a counter-development
promises ground defense radars an amplifier cap-
able of putting out more than a million watts of
power over a very broad frequency range to
escape the jamming signals of enemy aircraft or
missiles.

Late in the year, the division placed on the
market a miniature amplifier for space satellite
communication systems. The tube, only nine inches
long and weighing but a pound, can provide a
new high in power for signals between satellites
tens of thousands of miles apart.

_ Employing a unique adaptation of a circuit de-
signed for speeding electrons in atom smashers,
Sperry expected to multiply klystron amplifier out-
put by four times while doubling a communica-
tion system’s message carrying capacity. Called
“extended interaction klystrons,” the tubes will
hike power by accelerating electrons along ‘‘stand-
g waves” generated by a series of circuits inside
the tubes. The new tubes—whose development
may inaugurate a whole new family of power
amplifiers—also were expected to increase the effec-
tiveness of satellite tracking systems or radar as-
stronomy systems mapping stars or the surface of
the moon.

Sperry also announced production of a new
family of two-cavity oscillators for parametric

amplifier pumping and doppler radar applica-
tions.

SPERRY SEMICONDUCTOR DIVISION

A series of integrated components called SEMI-
NETS were being developed and manufactured
by Sperry Semiconductor for computer and mis-
sile applications. SEMI-NETS offer a technical
superiority over conventional circuitry, and pro-
vide an electronic equipment manufacturer with
complete packaged circuits which previously had
to be assembled by the equipment maker. The
high density devices eliminate 75 per cent of con-
ventional connections, and assure weight and
volume reduction over conventional miniature
components between 100 and 1,000 to 1.

SPERRY RAND RESEARCH CENTER
Scientists at the new Sperry Rand Research
Center at Sudbury, Mass., initiated basic research
in a variety ot fields, including solid state physics,
plasma, the effects of extreme temperatures and

pressures  Upon materials, applied mathematics,
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theoretical physics, microwaves, infrared optics,
earth and life sciences and novel way of generat-
ing power. They were looking a decade and more
ahead, building up a backlog of basic knowledge
that will serve as a foundation for the creative
engineering of the future.

INTERNATIONAL

The Sperry Europe Continental Company was
formed in 1961 to handle sales and service of
Sperry equipment in Western Europe. The new
organization, with headquarters in Paris, repre-
sents Sperry in the negotiation of patents, licenses
and contracts throughout the European nations
where Sperry has increasing commitments with
government, commercial and industrial customers.

Sperry was supplying C2G  Gyrosyn compass
systems for European-built or purchased Lock-
heed F-104G jet fighters. European airlines flying
jet transports were supplied with SP-30 automatic
flight control systems, C-11 Gyrosyn compass sys-
tems and integrated instrument systems.

STANDARD KOLLSMAN INDUSTRIES

KOLLSMAN INSTRUMENT CORPORATION—
SUBSIDIARY

In keeping with its growth philosophy of planned
expansion, Kollsman Instrument Corporation
strengthened its position in the aerospace industry
in 1961 by broad participation in the nation’s space
effort.

For one major space program, NASA’s Orbiting
Astronomical Observatory (OAO), Kollsman was
chosen to provide astro trackers for the critical
mission of vehicle stabilization. This important
subcontract was awarded to Kollsman by the Mis-
sile and Space Vehicle Division of the General Elec-
tric Company under contract to Grumman Aircraft
Engineering Corporation.

Late in 1961, Kollsman was awarded a prime con-
tract from NASA for the research and development
of optical and electronic equipment for the God-
dard Experimental Package, an important segment
of the OAO Project. The prime objective of this
equipment is the gathering of scientific information
on the radiation content in outer space.

Other Kollsman equipment, specifically three spe-
cially designed space instruments for Project Mer-
cury, was playing an important role in the nation’s
space program. American astronauts Shepard and
Grissom wore wrist-watch type pressure indicators,
and the Mercury capsules were equipped with a
Kollsman altimeter and cabin pressure indicator.

Although the major portion of 1961 sales resulted
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trical energy continually for one year, was being
developed under a continuing TRW-NASA con-
tract. Reinforced plastic expansion cone liners were
being supplied by TRW for use in the third-stage
nozzle of the Scout missile used in NASA’s Apache
communication satellite program.

Development of the Orbiting Geophysical Ob-
servatory (OGO), the nation’s first production satel-
lite, was continuing under an initial STL-NASA
contract calling for delivery of three spacecraft
during the next three years. Other NASA contracts
awarded to TRW'’s subsidiary Space Technology
Laboratories, Inc. during 1961 included study con-
tracts to determine costs, assembly techniques and
stability control of Saturn and Nova class vehicles,
and to determine the pavload capabilities of cur-
rent U.S. medium space vehicles.

Systems engineering, technical assistance. guid-
ance, tracking, and orbit determination were pro-
vided by TRW through. STL for the continuing
Transit communication satellite program which
included three successful launches during 1961.
TRW was also awarded a significant contract to
provide four of its AN/UYK-1 computers for a high
accuracy navigational control system for Transit.

Other contracts in the aerospace field received
during the year by TRW’s subsidiary Space Tech-
nology Laboratories, Inc. included work on the
Advanced Research Projects Agency’s Environmen-
tal Test Satellite (ARENTS) to determine radiation
damage in the space environment; systems engi-
neering and technical assistance for Atlas and Titan
ICBM boosters which will be utilized by the U.S.
Air Force in support of the Nike-Zeus target pro-
gram; and systems engineering and technical assist-
ance on the Army’s Advent program to determine
the feasibility of a multi-channel microwave space
communication system for strengthening military
communications.

A solid state telemetry transmitter, a major break-
through in the design of solid component micro-
wave power generators, was designed and fabricated
jointly by two of TRW’s subsidiaries, Space Tech-
nology Laboratories, Inc. and Pacific Semiconduc-
tors, Inc. The transmitter can operate from a stand-
ard 28 volt power supply in-missiles and space
vehicles, without the need of a converter. The
power output of 214 watts at 2.25 kMc is the highest
at this frequency for solid state yet announced.

Development and production of a substantial
number of tactical prototypes of the transporter-
erector-launcher (TEL) for the Pershing missile
were completed, and the TRW developed auxil-
iary power system for the Advanced Bomarc B mis-
sile was phased into production. Pilot production
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and qualification testing of the miniature auxiliary
power supply (MINIAPS) was continuing.

Fundamental and applied research was conducted
during 1961 in the areas of turbo electric power
conversion, magnetohydrodynamics, ion propulsion,
fuel cells, auxiliary power supplies, oxygen regener-
ation systems, thermionic conversion systems, and
particle acceleration.

WESTINGHOUSE ELECTRIC CORPORATION

Scientists at the Westinghouse Research Labora-
tories achieved in September, 1961, one of the most
sought-for goals of modern science: development
of the first superstrength superconducting magnet.
For its size, weight, and energy consumption it is
by far the most powerful magnet ever built. Until
a year or two ago it was considered theoretically
impossible to construct.

The size of a doughnut and only a pound in
weight, the Westinghouse super magnet creates a
magnetic field twice as strong as that from a con-
ventional iron-core electromagnet weighing 40,000
pounds, and operated to saturation of the iron.

Such a conventional iron-core magnet needs its
own power plant to continuously supply the 100,000
watts or more of power to run it. In contrast, the
new super magnet runs from an ordinary automo-
bile storage battery. The only power the battery
continuously supplies is a few watts to overcome the
small losses in the wires leading to the magnet.

Such magnets enhance considerably chances for
the direct, large scale generation of electric power.
It makes possible a whole new generation of power-
ful atom smashers. It increases the possibility of a
magnetic ‘bottle’ in which the vast energy of the
hydrogen bomb reaction can be harnessed for useful
power. It makes more feasible some of the far out
methods proposed for long distance travel in space.

In another area, Westinghouse scientists can now
“see” the structure of solid matter as easily as the
physician looks at the insides of a human being.
They developed a new electronic system that
brightens a thousandfold the X-ray images from
which the atomic architecture of crystals is revealed.
The new system makes visible to the naked eye
X-ray patterns that were formerly obtained only
through photographs. Such information is used to
calculate the precise arrangements of atoms in
metals, semiconductors and other crystalline sub-
stances.

A new group of high-temperature thermoelectric
materials which permit the direct conversion of
heat into electricity at temperatures considerably
above the melting point of copper, was also de-
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be significant in military control applications such
as high-speed radar data processing and communica-
tions, in various memory and programmer functions
of space systems, and in special applications to in-
dustrial control. A 1024-word prototype model has
been operated at an 0.6 microsecond cycle time with
an access time of 0.20 microsecond. The model and
its memory core stack, drivers, switches, timing cir-
cuitry, and sense amplifiers has been successfully
operated over wide temperature excursions.

The fact that stored program information can be
altered by electrically writing new information into
the memory is an important aspect of the develop-
ment since this permits a new instruction or an
entirely new program to be written into memory
under control of a tape reader or other input de-
vices. The process of writing information into the
memory cores is done by the conventional, coinci-
dent-current writing technique. A molecularized
computer, one-tenth the size and weight of a tran-
sistorized computer and with the same capabilities,
is now under development at the Westinghouse
Electric Corporation’s Air Arm Division.

The new device, called “Mol-E-Com” (for “mole-
cular computer”), will have greater pay load capa-
bilities for American rockets through the use of the
promising new approach to electronic systems—mole-
cular electronics. Mol-E-Com will weigh less than
15 pounds and occupy less than one-third of a cubic
foot instead of the 175 pounds and three cubic feet
required by a similar conventional transistorized
computer. More important than the 10 to 1 size
and weight reduction, however, is the anticipated
reliability of the molecular blocks that make up the
“brain” of the computer. Methods of decreasing
size and weight have been progressing rapidly, and
this trend has made it increasingly difficult to meas-
ure reliability. Such measurements, however, are
now underway at Westinghouse in the field of mole-
cular electronics.

“Sweat-cooling” of rocket nozzles became a prac-
tical possibility with the development by the com-
pany’s Micarta division, of heat-resistant plastic
structures that can be made with controllable poros-
ity.

Porosity of such nozzle walls is not only controll-
able but can be varied from section to section of a
nozzle so that greater cooling can be provided in the
nozzle throat than in the divergent section.

Although utilization of evaporation effect in tran-
spiration cooling is not a new concept of heat con-
trol, development of a practical rocket nozzle to test
transpiration theory has not previously been suc-
cessful. Lack of control of porosity has frustrated
former proposals to make nozzles of porous graphite
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or sintered metal.

The cooling method consists basically in forcing
a fluid into a nozzle through porous walls. A cool-
ing effect is produced by rapid evaporation of the
fluid on inside surfaces in contact with exhaust
flame.

The porous material developed by Micarta can be
made of glass, leached glass, or quartz fabric with a
high-temperature phenolic resin binder. It has the
additional fail-safe feature of ablating if the coolant
system failed. Thus catastrophic failure of the nozzle
is minimized.

The company’s Electronics Division received a
contract from the Johns Hopkins University Ap-
plied Physics Laboratory for the Navy's Transit
satellite navigation system. This follows a study
contract under which the company designed the
components of the receiver set.

The Transit receiver set provides a link between
the satellite and the navigation computer. The re-
ceiver consists of a separate low-noise preamplifier,
the main receiver, a stable frequency generator,
modulation decoder, and operational test equip-
ment. ’

The company’s Aerospace
awarded

Department was
a study contract for a 4000-watt solar
power system suitable for use in earth orbiting
satellites. The $50,000 contract was awarded by the
Aeronautical Systems Division (Wright-Patterson
Air Force Base) of the Air Force Systems Command.

Energy for such a power system would be drawn
from the sun and converted into electrical energy
by use of solar cells. The system is intended to pro-
vide a minimum of one year and a maximum of five
years life for the electronic equipment of an
orbiting satellite. Requirements for the power
systemn necessitate the highest possible reliability
and the lowest possible weight.

In such a system, electrical energy from an array
of solar cells is fed into the necessary electronic
equipment to derive the required voltages and fre-
quencies for operation of the satellite’s communica-
tions equipment. A 4000-watt power system would
be substantially larger than any yet developed for
this type of satellite. The study was scheduled to
be completed in January, 1962.

A unique radio receiver whose main working
parts are molecular electronic functional blocks was
demonstrated by the Electronics Technology Labo-
ratory of the Wright Air Development Division,
U.S. Air Force.

The Westinghouse Air Arm Division designed
the experimental unit to test the feasibility of con-
structing complicated military electronic systems
through the use of molecular electronics—a concept
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in which an entire subsystem function is performed
within a single block of material.

The receiver contains no tubes, no transistors and
no traditional electronic circuits. Its main parts are
six silicon functional electronic blocks about the
size of a dime, and about one-fourth as thick, each
of which performs some function (amplification,
detection, etc.) required for radio reception. By
connecting the blocks together, the total function
of radio reception is achieved.

The receiver tunes in stations all across the
standard broadcast band. Such a set typically re-
quires some 50 individual electronic components
(capacitors, coils, resistors and the like) which must
be wired together by about 150 soldered connec-
tions.

Westinghouse Electric Corporation announced
the formation of a new department for the devel-
opment, manufacture and marketing of molecular
electronics functional blocks.

The company Air Arm Division completed con-
struction of a new Astroelectronics Laboratory 40
miles northwest of Los Angeles. The new facilities
will be devoted to defense projects with special
emphasis on the development of advanced elec-
tronic techniques for application in the missile and
space fields. Totaling 25,000 square feet, the facil-
ities will consist of an administration building and
an adjoining laboratory.

The Westinghouse Sunnyvale division more than
doubled its Polaris launcher manufacturing facil-
ities to keep pace with stepped up production of
the Navy's Fleet Ballistic Missile. The division
held the prime Navy contract for Polaris missile
launching and handling equipment. The 103,000
square feet of refurbished floor space, spread
through seven buildings, augments Polaris launcher
research, development and manufacturing con-
ducted at the plant.

The Sunnyvale work on Polaris moved to the
hardware phase but research and development of
more advanced launching and handling systems for
future Polaris submarines, and surface ships con-
tinued.

In addition to the launching and handling equip-
ment, developed at Sunnyvale, the Westinghouse
electronics division developed an “electronic brain”
for Polaris submarines. This device senses the
action of the sea and advises the fire control officer
of the sea conditions at the instant of launch.

The nation’s newest nuclear submarine—John
Marshall, designed to fire the fleet ballistic missile
Polaris—was launched on July Ist at the Newport
News Shipbuilding and Dry Dock Company in
Newport News, Va.
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The John Marshall will have a reactor power
plant similar to the one in the USS Skipjack, which
enabled her to set new speed records for sub-
marines.

The reactor plant for the John Marshall was
designed and developed by Westinghouse under
the direction of and in technical cooperation with
the Naval Reactors Branch of the U. S. Atomic
Energy Commission.

The 410-foot-long John Marshall, which will
displace 6900 tons, was designed from the keel up
for firing the Polaris missile from either a sub-
merged or surfaced position. The John Marshall
will carry 16 of the solid fueled missiles.

The nuclear reactor powering the John Marshall
will allow the submarine to operate for prolonged
periods anywhere in the world’s oceans without
refueling, thereby making the ship a major deter-
rent against aggression.

The aircraft carrier Enterprise will have a nu-
clear propulsion plant capable of driving this
largest ship ever built at a speed of over 25 knots.
The Enterprise’s propulsion system will use eight
reactors to supply the power to drive four propel-
lers, each the height of a two-story house.

The atomic reactors were developed and designed
by Westinghouse under the direction of and in
technical cooperation with the Naval Reactors
Branch of the Atomic Energy Commission.

The eight reactors will run the Enterprise for
years without refueling. It is estimated that nuclear
power will multiply by some 20 times the distance
the Enterprise can travel at full speed without re-
fueling as compared with the conventional oil
fired carriers. Dependence on far-flung bases and
auxiliary ships is thus minimized.

The seam turbine propulsion units were manu-
factured by the company’s Steam Division.

Heavy jet bombers and fighters aboard the Enter-
prise will be ferried to the flight decks by elevators
supplied by the company’s Elevator Division.

Hydraulically powered, the elevator platforms
weigh about 210,000 pounds each and have an
area of almost 4000 square feet. Each of the four
giant deck-edge elevators will be capable of lifting
a 45-ton bomber from hangar to flight deck in 15
seconds. Thus, the four elevators combined can
ferry four planes every minute to the flight deck,
Pilots aboard the carrier will also be speeded to
their planes by two Westinghouse passenger ele-
vators.

Glenn T. Seaborg, Chairman of the Atomic
Energy Commission and James E. Webb, Adminis-
trator of the National Aeronautics and Space Ad-
ministration, announced on July 28 that a contract
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positions, the new Atlas will be stored in a vertical
I)OSition, ready for launching.

The Air Force fired a Titan I ICBM on May 3,
1961 from Vandenberg AFB, Cal. This was the first
launch of a U.S. missile from an underground silo
and 1t was successful.

Initial tests on a DMinuteman, a completely
guided, threestage solid propellant ICBM, began
on February 1, 1961 with highly successful results.
The Minuteman can be dispersed in hardened
launch sites or placed on mobile rail cars. It is
simple to manufacture, maintain, and operate and
also less expensive than other strategic missiles.

To shelter the Adas, Titan and Minuteman, a
total of 45 bases was planned. Two were completed
at Spokane, Wash., and Topeka, Kan., in October
and early November, 1961, respectively. These last
bases will shelter the Atlas E in semi-hard cofhns
sunk into the ground so that only the roof shows.
making them less vulnerable than before. These
models have their own inertial guidance systems not
subject to jamming techniques.

The IM-99B BOMARC completed successful test
flights against Regulus supersonic missiles and jet
drones and was declared operational. On June 1,
1961, the first squadron was activated at Kincheloe
AFB, Mich. The Air Force also continued develop-
ment of the ASG-18 fire control system and the
GAR-9 missile to obtain the best advanced arma-
ment system [or the air defense version of an ad-
vanced tactical fighter.

The Discoverer research satellite program has the
objective of developing reliable hardware tech-
niques, and procedures for the operation and con-
trol of space systems. As of October 30, 1961 the
Air Force had launched a total of 33 Discoverers,
orbited 23 successfully and recovered 9. Of these
nine recoveries two were by sea and seven by air.
These flights obtained data on radiation, biomedi-
cine and other research areas.

Cooperating with the National Aeronautical and
Space Agency (NASA), the Air Force launched the
Atlas Able 5A and 5B orbit attempts and three
Mercury Atlas shots supporting the man-in-space
program. The Air Force also increased the number
of teclmically qualiﬁed USAF military personnel
on duty with NASA.

The Air Force continued development of the B-70
prototype to explore the problems of flying at three
times the speed of sound with an airframe poten-
tially useful as a homber. Funds were available for
the development and test of three noncombat pro-
totype XB-70’s. Fabrication of the first aircraft was
on schedule at the end of the year. This program,
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subject to speed-ups and cut-backs, received appro-
priations for fiscal year 1962 of $180,000,000 above
the amount asked by the President, and plans to
accelerate research and development of the B-70
were being considered.

The Strategic Air Command, the nation’s primary
striking force received additional Atlas ICBM'’s,
B-52G’s and H's, B-58's and KC-135 tankers. In
January, 1961, a B-52G flew 10,000 miles without
refueling. Both the G and H series of the B-52 were
modified to include improved bombing-navigation
and electronic countermeasure equipment and capa-
bility for carrying GAM-77 Hound Dog, GAM-87
Skybolt and GAM-72 Quail. At the end of June
1961 SAC had 1 missile, 2 reconnaissance, and 34
bomber wings.

The Tactical Air Command participated in nu-
merous exercises both singly and jointly. In August,
1961, it took part in the largest peacetime military
training exercise since 1941, Operation Swift Strike.
The operation resulted from President Kennedy’s
decision to alert and increase the combat readiness
of the armed services because of the Berlin crisis.
The exercise included dropping parachute troops
and fighting under simulated war conditions with
TAC providing air support with F-100’s, F-105’s
and F-104's. It was designed to test the ability of
the command to fight small or limited wars any-
where in the world with composite air strike forces
relying on speed, mobility, and versatility. To help
carry out its mission, TAC received in 1961 more
all weather F-105D’s, and SAC’s KC-135 tankers sup-
ported TAC’s long-distance deployments. In the
F-105, TAC received for the first time a high-per-
formance aircraft with full all-weather and night
attack capabilities.

MAT’s modernization program was given high
priority and it was able to purchase 50 C-130E’s and
30 C-135's. The C-130 is a turboprop transport
while the C-135 is a jet transport, a modification of
the KC-1385 tanker. With a crew of six, the C-135
can carry 126 seated passengers or 40 litter and 54
ambulatory patients. Ultimately MATS planned
to acquire the C-141, which has turbo fan engines.
This long range, high speed plane will have a true
global capability.

The Air Defense Command’s Ballistic Missile
Early Warning System (BMEWS) neared comple-
tion. Addition of the all-weather interceptors, the
F-101B and the F-106, completed the modernization
of the ADC interceptor force. The F-102, already
in operation for some years, was equipped with
GAR-T1 rockets which have a nuclear armament
comparable to the MB-1 nuclear rockets carried on
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Undoubtedly the most significant single manage-
ment policy effected by the command focused on
decentralization. Responsibility for system projects
was delegated to command field levels. Conse-
quently, AFSC was able to coordinate more effec-
tively the efforts of the military-science-industry
team at local levels.

Lastly, decentralization enabled headquarters to
devote more effort to long-range planning and aero-
space policy decisions.

Three months after the formation of AFSC, the
command acquired three Contract Management
Regions—once part of AMC. Each region is respon-
sible for surveillance, production, quality control,
property quality control, flight test, and other op-
erating functions relating to the administration of
Air Force contracts in their respective geographical
areas.

The Eastern Contract Management Region
(ECMR), covering 19 eastern states and the Carib-
bean area, has its headquarters at Olmsted AFB,
Pa. The Central Contract Management Region
(CCMR) at Wright-Patterson AFB, Ohio, takes in
an 18 state area. The Western Contract Manage-
ment Region (WCMR), covering 13 states including
Alaska and Hawaii, has its headquarters at Mira
Loma AFS, Calif.

The face value of contracts managed by AFSC
represents, over the years, an expenditure of more
than $60 billion.

On July 1, 1961, the command acquired the Aero-
space Technical Intelligence Center, later known
as the Foreign Technology Division. FTD inte-
grates foreign with domestic technology so that time
spent on scientific research may be reduced and
duplication of effort eliminated.

Organizationally, the command is made up of
seven divisions and six functional centers. The
divisions and their locations are: Aeronautical Sys-
tems Division, Wright-Patterson AFB, Ohio; Elec-
tronics Systems Division, L. G. Hanscom Field,
Bedford, Mass.; Space Systems Division, Los Ange-
les, Calif.; Ballistic Systems Division, Los Angeles,
Calif.; Foreign Technology Division, Wright-
Patterson AFB, Ohio; and the Aerospace Medical
Division at Brooks AFB, San Antonio, Texas.

The six AFSC functional centers are the Air Force
Missile Test Center (AFMTC), Patrick AFB, Fla;
the Air Force Flight Test Center (AFFTC), Ed-
wards AFB, Calif.; the Air Force Special Weapons
Center (AFSWC), Kirtland AFB, N. Mex.; the
Arnold Engineering Development Center (AEDC),
Arnold Air Force Station, Tenn.; the Air Force
Missile Development Center (AFMDC), Holloman
AFB, N. Mex; and the Air Proving Ground Cen-
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ter (APGC), Eglin AFB, Fla. A seventh center,
Rome Air Development Center (RADC), Griffiss
AFB, N.Y., is administratively assigned to the Elec-
tronics Systems Division. RADC provides direct
electronics systems engineering support in ground
environment to ESD.

The increasing interest being placed on AFSC
military space activities was indicated by Air Force
mission assignments and appropriations made by
Congress.

On March 6, 1961, Secretary of Defense McNa-
mara announced his decision to assign responsi-
bility for military development in space to the Air
Force.

Less than two weeks later, the Secretary of the
Air Force and the Chief of Staff detailed a far-
reaching reorganization of the Air Force's scientific
research, development and procurement programs.
Thus it came about that all phases of systems acqui-
sition became the responsibility of a single manager
—AFSC.

AFSC engages in both conventional and scientific
aerospace research as it has in the past, but both
the command’s activities and its appropriations
have kept pace with the space age.

In six years, for instance, the Air Force’s annual
budget for ballistic missiles and space systems alone
soared from about $4,000,000 to more than §3
billion.

In 1961, AFSC was spending the largest single
portion of the Air Force budget—$7 billion, or over
one third of the total USAF budget.

In fulfilling its 1961 mission, AFSC’s activities
ranged the scientific spectrum from aviation medi-
cine to “zero” launching of jets.

Activities in the ballistic missile testing area in-
cluded the first successful launching of the solid-
fuel Minuteman ICBM; the first successful flight of
the advanced Atlas Series E missile; and the first
successful silo-launching of a Titan ICBM.

The principal test activity of the Atlas program
centered in the E Series. The SM-65E Atlas uses an
all-inertial guidance system and an improved pro-
pulsion system operating at a higher thrust level
than earlier versions of the Atlas. Incidentally, the
new Atlas booster engines were adapted for use in
the Saturn space booster.

Tactical deployment of the E Series missiles em-
ployed the “coffin” launch implacement for pro-
tection from near-miss detonations. Atlas Series F
missiles, mechanically similar to the Series E, were
designed for launching from silos, as were Titan
ICBMs.

After the preliminary sub-orbital flights of the
Redstone-boosted Mercury program were com-
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tional warhead, is a larger version of the Bullpup
A already in Navy service.

The Eagle-Missileer system, which was to have
mated a medium-performance aircraft with a high
performance air-to-air missile, was sharply cut back
during 1961. The Missileer portion of the program
was canceled and the weapon portion continued at
a reduced rate. The Navy did, however, continue
development of the TF30 turbofan engine which
was to have powered the Missileer.

In the aircraft field, the Navy served as CO-5ponsor
of two competitions for military aircraft, the TFX,
an air superiority and attack aircraft for Navy and
Air Force use, and the VAX, a tactical fighter de-
signed to fill the needs of both Navy carrier task
forces and the USAF’s tactical air command.

In February, the Navy concluded a helicopter
design competition for a new assault transport,
accepting a new version of the Vertol 107, desig-
nated HRB-1.

The Navy continued to investigate ground effect
machine concepts, completing evaluation during
1961 of the Bell Hydroskimmer, a craft which rides
over the water on a cushion of air with forward
momentum provided by an outboard motor. The
Navy was considering a Bell proposal for a larger
GEM machine, to be used as a cargo and troop
transport vehicle.

The Navy also continued to explore the possi-
bilities of drone helicopters for the anti-submarine
warfare mission. In March, the Navy concluded
evaluation trials of the Gyrodyne DSN-1 drone.
The DSN-2 made its first flights during the year
and the advanced DSN-3 was delivered to the Navy
for shipboard evaluation. The Navy was also in-
vestigating a manned version of the DSN-3, which
had its first flight on April 6, 1961. A number of
companies were competing with antisubmarine
drone helicopter designs.

NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION

The National Aeronautics and Space Adminis-
tration (NASA) accelerated planning for Project
Apollo in 1961 as a result of the President’s May 25
decision to land a crew on the moon by 1970 and
his recommended increases in the agency’'s 1962
budget request.

The President established the manned lunar ex-
pedition as a national goal. To carry out this and
other space missions, NASA effected a major reor-
ganization and extended its facilities, including
plans to establish a Manned Spacecraft Center in
Houston, Texas, and a fabricating plant for ad-
vanced launch vehicles at Michoud, outside New
Orleans, 1.a. The agency planned to increase its
launch facilities at the Atlantic Missile Range, Cape
Canaveral, Fla.

The year also witnessed the following events:

O.The first two manned suborbital flights in
Project Mercury and the first orbital flight of an
Atlas-launched Mercury capsule carrying a chim-
panzee.

° A succession of speed and altitude record-
breaking flights by the rocket-powered X-15 air-
plane (a joint Air Force-NASA-Navy project).

e The first flight test of the powerful Saturn
(8-1) booster and successful static tegys of the single
chamber 1.5-million-pound-thrust T.j engine. ¢
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e The launching of Explorer XI, the first astro-
nomical observatory satellite and TIROS III, an
experimental weather satellite.

e Acceleration of plans, in conjunction with the
Department of Defense and the Federal Aviation
Agency (FAA), for the development of a supersonic
jet transport capable of cruising at Mach 3, or more
than 2,000 mph.

NASA, which was three years old on October 1,
was created to direct the Nation’s non-military
space and aeronautical research programs and to
support the military effort. The National Aero-
nautics and Space Act of 1958 calls upon the agency
to exploit the earth’s atmosphere and space “for the
benefit of all mankind.”

At year-end, Project Apollo was the spearhead of
NASA’s multi-billion-dollar program for the 1960-
70 decade, a program which should advance science
and technology across a broad front with resultant
practical benefits in scores of areas—meteorology,
life sciences, electronics, communications, fuels,
metals, data processing, and geophysics.

Most of the NASA program relates in some meas-
ure to Project Apollo. The project is closely tied
in with the Mercury and Saturn programs; develop-
ment of the huge F-1 engine and the Nova super-
booster concept; development of rendezvous tech-
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niques; and the unmanned lunar and planetary
exploration programs. NASA’s research into high
temperature-resistant materials, high-energy fuels,
bio-astronautics and many other subjects feed into
the Apollo effort.

Project Apollo is a major step toward manned
exploration of the solar system. The lunar program
will provide the agency with the experience for
conducting flights to the nearer planets. It will
enable NASA to perfect communications and guid-
ance and propulsion systems over the lunar distance
—about a quarter of a million miles—and thus get
experience for the longer voyages to Venus and
Mars.

The manned and unmanned planetary missions
have as their scientific objectives the study of the
origin and evolution of the solar system; the study
of the nature of planetary surfaces and atmospheres;
and the search for life forms.

Project Apollo's basic concepts were worked out
in numerous studies by NASA and by private in-
dustry. The ultimate objective is to land three men
on the moon: a spacecraft commander, a navigator-
pilot and an engineer-scientist. After exploring the
lunar surface for a matter of hours, the crew will
launch their spacecraft and return to earth. This
objective will be reached in progressive steps.

The Apollo spacecraft will first be flown in earth
orbit where its many components and systems will
be well-tested and evaluated in the space environ-
ment. These flights will also provide for crew train-
ing and the development of operational techniques.
In conjunction with these qualification flights, the
spacecraft can be used as an earth-orbiting labora-
tory for scientific measurements and technological
studies.

Next, the spacecraft may be flewn to greater and
greater distances from the earth, until manned cir-
cumlunar flight is achieved. In circamlunar flight,
the crew will perform many of the guidance and
control tasks that will later be required for the
lunar landing mission including return to earth,
high-speed reentry and earth landing.

A number of launch vehicles and techniques are
being considered for these missions. The two-stage
Saturn C-1 will launch the earth-orbital missions.
The Saturn C-8 model, plans for which have not yet
solidified, may fire the circumlunar spacecraft. And
the giant Nova, still in the concept stage, may pro-
pel the manned lunar landing spacecraft. Rendez-
vous techniques, employing the advanced launch
vehicles, were also under consideration and large
solid-propellant cngines were under Air Force study
and development with NASA support.

The Apollo spacecraft design had not been set

RESEARCH AND DEYELOPMENT

by the end of 1961. George M. Low, Assistant
Director, Manned Space Flight Programs described
it in general terms:

“In order to achieve the multiplicity of Apollo
missions; the so-called ‘modular-concept’ will be
employed in the design of the spacecraft. In this
concept, various building blocks, or modules, of
the vehicle systems are used for different phases of
the mission.

“The first of these components, which we have
called the ‘command center module,” will house the
crew during the launch and reentry phases of the
flight; it will also serve as a flight control center for
the remainder of the mission. It will be sufhiciently
large for a three-man crew.

“The second module is a propulsion unit. In
earth-orbital flights this unit will serve to return
the craft to earth under both normal and emergency
conditions. It will also be used for maneuvering in
orbit and for orbital rendezvous with other satel-
lites. For circumlunar flights, this same propulsion
module will be designed so that it can return the
spacecraft to earth safely from any point along the
lunar trajectory. For circumlunar flights, it will
provide mid-course and terminal guidance correc-
tions; and it can place the spacecraft into a satellite
orbit around the moon and eject it from that orbit
and return it toward the earth. For the case of the
lunar landing mission, the same propulsion unit
will be the take-off stage from the moon in order
to return the spacecraft toward the earth.

“The third module is the propulsion stage that
will decelerate the spacecraft as it approaches the
moon and gently lower it to the moon’s surface.

“For the earth-orbital missions, an additional
module can be provided to serve as an earth-orbit-
ing:laboratory.

“Of all the modules mentioned, only the com-
mand center will be designed with the capability
of reentering the earth’s atmosphere and of being
recovered on the surface of the earth.

“The Apollo spacecraft is, therefore, seen to be
a versatile one; it will involve the development of
a number of components but maximum use will
be made of these components for three Apollo
missions. . . .”

In November, NASA awarded North American
Aviation, Inc., a contract to design and build units
of the three-man Apollo spacecraft.

The first manned suborbital flight in Project
Mercury was carried out successfully on May 5.

At 9:34 am. EST, a 78,000-pound-thrust Red-
stone (MR-3) lifted off from Pad 5 at Cape Canav-
eral carrying astronaut Alan Bartlett Shepard, Jr.,
37, in a Mercury capsule.
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was flight-tested successfully late in 1961, carrying
two water-filled upper stages. The C-1's eight-engine
cluster, generating 1.5 million pounds thrust, will
eventually fire the manned Apollo spacecraft on low
earth-orbital training missions.

Meanwhile, the more powerful advanced Saturn
versions were being reevaluated and several ap-
proaches to the launch vehicle for the manned
Apollo lunar missions were being considered. For
a direct-ascent, a Nova consisting of either clustered
F-1s or an equivalent solid stage might be used.
Another possibility: with orbital rendezvous tech-
niques, smaller vehicles such as Saturn might prove
feasible.

Juno 1II, an interim vehicle (150.000 pounds
thrust) based upon the U.S. Army’s Jupiter, was
phased out of the NASA program after a 10-flight
series.  Development of the all-solid-propellant
Scout went forward on schedule, as did Delta, Thor-
Agena B and Atlas-Agena B. The Atlas-boosted
Centaur, which will see heavy dutv in the un-
manned lunar exploration program, ran into devel-
opment problems which postponed the first flight
test originally scheduled for May, 1961.

NASA propulsion research in 1961 centered upon
three basic types of rocket engine: chemical, both
liquid and solid; electric and nuclear.

Liquid propellant engines dominated the NASA
launch vehicle family; solid propellants were under
vigorous research and development, and increasing
effort was going into electric and nuclear systems
which appeared to hold the most promise for future
interplanetary flight.

NASA’s scientific earth satellite and sounding
rocket programs were both concerned basically with
two broad areas of research: geophysics, the study
of the earth and its cosmic environs, with heavy
emphasis on the Earth’s atmosphere and ionosphere
and the Sun’s influence thereon; and astronomy, the
study of the solar system and the universe.

Another key function of the sounding rocket pro-
gram is to develop and test out instrumentation for
use in more extensive experiments with satellites
and deep space probes.

Among the satellites launched under NASA proj-
ect direction during the year were:

The Explorer series. Five Explorers were launched
during the year. Explorer IX, launched February
16 by a four stage Scout booster, was concerned with
a determination of the earth’s atmospheric density
by measuring the drag on an inflatable 12-foot
sphere. Explorer X, placed in orbit on March 25
by a Thor-Delta booster, investigated earth and in-
terplanetary magnetic fields. Explorer X1, launched
April 27 by a Juno 11 launch vehicle, was concerned
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with detection of high energy gamma rays from
cosmic sources and their distribution. Explorer
XII was the first of four spacecraft designed to ex-
plore solar winds, earth and interplanetary mag-
netic fields and energetic particles in the Van Allen
belts and in interplanetary space. It was launched
by a Delta vehicle on August 15. Explorer XIII,
launched by a Scout on August 25, was designed to
investigate micrometeoroid impact and to further
evaluate the Scout launch vehicle.

Tiros III. The third of a series of satellites de-
signed to supply test data toward development of
an operational meteorological satellite, Tiros III
was launched on July 12 by a three-stage Delta. It
contained a more advanced set of television cameras
than those in the earlier Tiros spacecraft. Tiros 111
was credited with discovering Hurricane Esther and
it photographed many of the tropical storms during
the 1961 hurricane season. Photograph quality was
excellent and a great amount of useful data was
obtained.

In 1961, NASA contracted for 135-foot-diameter,
inflatable passive communications satellites in the
Echo program, as well as Relay “active repeater”
communications satellites. (Passive communications
satellites are used to reflect or “bounce” radio signals
over great distances; the active repeater satellites
are capable of receiving messages at one point on
the earth’s surface and of retransmitting them to
ground receiving stations thousands of miles apart.)
The first satellites in both new series were to be
launched in 1962.

A succession of instrumented probes—television-
equipped hard- and soft-landing units, remotely
controlled mobile experiments, and lunar orbiters
—will pave the way for manned expeditions to the
moon in the years ahead. Other spacecraft will voy-
age to Venus and to Mars. Spacecraft will sail deep
into interplanetary space gathering data on magnetic
fields, plasma streams, energetic particles and other
activity in the teeming “void” of outer space.

The early phase of lunar exploration includes
Projects Ranger, Surveyor and Prospector.

Ranger’s objective is to rough-land a 300-pound
instrumented capsule on the moon after televising
the lunar surface and examining it by gamma ray
spectrometry during the landing phase.

The Jet Propulsion Laboratory (JPL) is develop-
ing the 750-pound, 10-foot high Ranger spacecraft
which wil.l b_e launched by the Atlas-Agena B.

The principal experiment in the p

i ackage is a
seismometer to record and tr

) ansmit data on moon-
quakes and other disturbances, including meteoritic
impacts, for about three months,

Project Surveyor is a Centaur-launched lunar
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and the paradox of the problem was well-stated in
Project Horizon, the report to the President on
national aviation goals. Project Horizon said:

“The U.S. airline industry’s physical and opera-
tional transition to jet transportation might sug-
gest that it had met the financial challenge posed
by the jet program and had satisfied its capital
requirements. No such unqualified assumption
would be warranted. The present low level of
earnings, if continued, threatens the industry’s
financial structure.”

As to the increase in available capacity during the
jet age one finds the increase has been relatively
modest in comparison with previous periods. For
example, more piston-engine capacity was added in

1957—when the bulk of CAB route grants were
being implemented—than in the 1960 and 1961 years
combined.

Clearly, the problem of “empty seats” could be
traced directly to a retarded rate of traffic growth.
If the rate of traffic increase had been maintained at
just 109, —or {rom 2.5%, to 12.5%, under the 1953-57
period—the jet age would have been one of peak
peacetime load factors. In 1960, for example, the
load factor, if traffic had increased only 109, an-
nually, could have been 669, rather than the 59.49,
actually experienced. For the twelve-month period
ending August 31, 1961, it would have been 719,
rather than 57.37%,.

Furthermore, much of the “increase in capacity,”
modest as it was, resulted not just from additional
equipment that can make more trips between a
given pair of points in a given period than did the
piston-engine aircraft, but also from the switch from
first class to air coach configurations. A jet in coach
configuration has just about 509, more seats than it
would in first class configuration. Coach capacity
increased from 389 of total in fiscal 1958 to 499, in
fiscal 1961 and to 609, in August, 1961. In fiscal
1961, for example, first class capacity decreased ap-

proximately 2.5 billion seat miles from fiscal 1960,
while coach capacity increased approximately 3.8
billion seat miles, for a net increase of 1.3 billion.
It is apparent that practically all the capacity mn-
crease during that period resulted from the switch
to coach.

Airline growth to serve airline potential entails
much more than providing aircraft. Primary factors
are safety, dependability, convenience to the public,
and other components of good service. Using the
single item of reservations to illustrate the costs of
improving service: The domestic airlines in 1961
were spending at the rate of $93 million a year on
the multitude of transactions involved in reserva-
tions for over 50 million passengers. To improve
the accuracy and speed of reservations, they were
increasingly installing computers, memory drums,
other electronic marvels. During the year, one air-
line put $2,250,000 in a system whereby its agents
in almost 100 cities can find out instantly seat avail-
ability up to six months ahead on 60,000 itineraries.
Another was installing a centralized automatic sys-
tem which, by late 1962, will serve 1,100 sales desks,
handle 7,500 reservations an hour, process them in 3
seconds (as compared to 45 minutes) and reduce
errors. The cost: $5,000,000 per year.

There was a further substantial increase in airline
cargo capacity in 1961 as more new jets and con-
verted planes came into service and several carriers
took delivery on new prop-jet airfreighters.

Freight volume in 1960 reached a record high of
643,792,000 ton miles, up 9.7%, over 1959, and 45
times the volume carried in 1946, the first full year
of industry airfreight operations. As a result of this
rapid growth, airfreight was the second most produc-
tive form of traffic carried by the airlines, account-
ing for 12.59, of total ton miles of traffic. During
the first six months of 1961, freight ton miles in-
creased nearly 109, over the same period in 1960.

Vast improvements in the Postal Service were

CONSOLIDATED AIRLINE INDUSTRY SUMMARY, UNITED STATES

Available

Seat Miles Increase Increase
Year (billions) (billions) (%)
1952 - 18.0 .
1953 22.1 4.0 22.4
1954 25.6 3.5 16.1
1955 30.0 4.3 17.4
1956 33.7 3.7 12.5
1957 39 .8 6.1 18 .4
1958 40.6 0.8 2.2
1959 457 5.1 12.7
1960 491 3.3 7.4
*1961 50.3 1.2 2.5

(*—Figures for 1961 are for 12 mos. ended Aug. 31, 1961, compared with calendar year 1960.)

Passenger Load
Miles Increase Increase Factor
(billions) (billions) (%) (%)
12.1 67.08
14 .2 2.1 18.1 64.65
16.2 1.9 13.9 63.35
19.2 2.9 18.5 64.05
21.6 2.4 12.7 64.12
24 .4 2.8 13.6 61.50
24 .4 60.05
28.1 3.7 15.3 61.42
29.2 1.1 3.9 59.47
29.0 . 57.37
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AMERICAN AIRLINES

American Airlines in 1961 became the first airline
to equip its 707 jets with advanced fanjet engines.

Within a few months after the first Astrojet flight,
nearly all American’s 707s were equipped with these
superior engines. By vear-end the entire fleet was
fan-powered and American was looking forward to
starting service with another new airplane—the Con-
vair 990 Astrojet,

With their new engines, American’s Astrojets
quickly proved they could carry greater pavloads,
take off from shorter runways, climb more swiftly
to altitude and deliver more cruise thrust per gallon
of fuel.

The Astrojets quickly caught the public fancy,
more rapidly, in fact, than any AA development m
vears.

Besides the 990, American in 1961 sets its sights
on still another new airliner. It contracted for 25
[hree-engine fanjet Boeing 727s for delivery in
1964-65. The 727 is expected to bring jet service
to most of the cities on American’s routes with air-
ports not now able to accommodate the bigger jets.

The ever-growing Astrojet fleet enabled American
in 1961 to upgrade service on a number of short and
medium flights with Electra 11 turboprops, the
routes originally planned for the airplane. The
Electra 11 load factor zoomed, exceeding at one
point that of the Astrojet Heet, and in July Amer-
ican offered coach service on the Electra for the first
time, increasing the capacity of the airplane to 71
persons,

American, which broke all records for domestic
airfreight service in 1960, continued to surge ahead
in 1961. Even before the traditional peak fall
season arrived, American had set an industry record
for any month in May and again in June and then
proceeded to break that record only two momhs‘
later in August by flying 11,787,000 ton miles of
airfreight. That record fell in October when
American flew 13,237,000 ton miles.

In September, just 17 years after it filed the in-
dustry’s first airfreight tariff, American ;1s}<§(1.tlle
CAB to approve an entirely new kind of :urf'relght
rate. Instead of hundreds of rates set according to
commodity, American proposed a single rate for
nearly all items. This proposal represented 2 break
not only with traditional airfreight tariffs, but also
with the usual tariffs of railroads, truck lines le.l(l
steamships companies, where commodity categories
often run into the thousands.

During the year, American’s “Truck-Air” service
was expanded so that it linked more than 3,(.)()()
communities, through nearly 50 participating
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truckers, with American’s airfreight network. Under
the system, shipments move by truck to the nearest
city served by American and are flown within hours
to the destination airport. A single bill of lading
simplifies paperwork for the shipper.

Virtually complete at year-end was the building
for American’s central processing unit for its vast
new SABRE electronics reservations system. During
the first three or four months of 1962 equipment
will be installed and training will begin in the cen-
ter, which 1s located at Briarcliff Manor, north of
New York City. Not only is SABRE the most ad-
vanced reservations system ever devised, it is, In
fact, the largest electronic data processing unit ever
designed for business use. The SABRE system will
link more than 1,100 of American’s reservations desks
in nearly 60 cities using more than 10,000 miles of
leased wire. Hartford, Conn., will be the first city
to be “cut over” to SABRE in the Spring and the
rest of the cities will follow until all are joined by
the Fall of 1963. As a nationwide system, SABRE
will enable American to process more than 7,500
complete passenger reservations an hour. The aver-
age interrogation from any point on the system will
take only three seconds.

American was able to point out in 1961 that its
jet fleet was already fully equipped with Distance
Measuring Equipment—the first fleet to be so out-
fitted long before the Federal Aviation Agency an-
nounced that all jets would be required to have
the equipment. DME enables a pilot to tell from a
glance at a cockpit dial just how far he is from the
particular airways radio facility to which he is
tuned.

American took time, however, in 1961 to look
backward instead of forward on two occasions. On
June 25, AA marked the anniversary of the in-
auguration by the airline of the DC-3 into passenger
service. In July, American noted the 15th anniver-
sary of its huge Tulsa Maintenance Base with its
4,000 employees.

A large number of routes were served by AA with
jets for the first time in 1961. These included E}
Paso with New York; Nashville and Memphis with
New York and with the West Coast; Baltimore-Los
Angeles; Cincinnati with New York and with St.
Louis and Los Angeles; Tulsa and Oklahoma City
with Dallas and Los Angeles; New York-Phoenix,
Baltimore-Dallas, Boston-Baltimore and others.
American started operating jets from Newark Air-
port to Chicago and Los Angeles in October.

One of the most successtul new 1961 trips was
American’s late-evening “Flight 21" from New York
to Los Angeles. Designed as a flight to provide over-
night airmail service from the New York Metro-
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politan area to Southern California, the flight
quickly caught on as a celebrity trip popular with
Broadway and Hollywood personages and others
who wanted an evening out in New York City be-
fore flying West. As 1961 neared its end, American
inaugurated a companion “Flight 49” late evening
airmail Astrojet to San Francisco and said it would
base the service aboard on that of the famed 21 Club
in New York, as it had done with “Flight 21"

BONANZA AIR LINES

January was highlighted with the first retirement
of a Bonanza Air Lines employee under the airline’s
retirement program. The retiring employee, Harry
Burt, Sr., had been with the company for ten years,
and had been supervisor of inventory control since
1958,

February marked the beginning of the fifth year
of reduced rates for clergymen. Bonanza was the
first airline to institute the clergy fares. Several air-
lines have since followed suit.

Bonanza added service to Burbank, California,
in March, offering two round trips a day to connec-
tions at Los Angeles. March traffic hit an all-time
high for the airline, with 29,271 passengers en-
planed.

On April 1st, Bonanza’s new low resort and com-
mercial fares went into effect, with special fares
offered between 26 pairs of cities on the company’s
system. During the first three months these fares
were in effect, Bonanza’s traffic increased 1219, on
the routes where the fares were offered. Even the
routes not having the low round trip fares showed
healthy traffic increases. Because they had proved
so successful, Bonanza inaugurated nine additional
fares, bringing the total to 35.

In May, at the annual stockholders’ meeting, vice
president of finance Robert J- Sherer, reported that
the company made a net profit of over $250,000 for
1960. The 1961 profit was expected to exceed
$400,000.

' In June, Bonanza took delivery of another F-27A
Jet-prop “Silver Dart”, making the airline, with a
total fleet of nine, the largest F-27 user in the world.
. On June 20th, Bonanza announced the filing of a

Youth Fare” tarifi—the first scheduled airline to
Propose such a fare. On the 29¢h of the month, the
‘c‘%mpany announced the filing of its unique
airor;i:‘f:l[*a‘i'r‘ld"ﬂ:eatfare, applica.ble to unli.mited
Nevada and Utar. States of California, Arizona,

Traffic gans for June, and for the first half of the
sear, continued to set records for the airline. June
revenue passenger miles were up 22.807 ove1: june,
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1960, with available seat miles increasing only
1.29,. The first 'half of 1961 reflected a passenger
mile increase of 21.39, over 1960, as against a 1.89,
increase in available seat miles.

The airline’s average passenger loads for June,
and for the first half of the year, were up 28.19; and
31.49; respectively, with 17.3 passengers per mile
flown in June, and 18.0 per mile for the first half
of the year.

Bonanza instituted 24-hour operations at two of
its reservations offices on the first of July. Around-
the-clock operations were inaugurated at the
Phoenix reservations and city ticket office and at the
Las Vegas office. The Phoenix offices were expanded
during the first half of the year and were opened
July first as the largest facility of its kind for
Bonanza. The offices are equipped to accommodate
15 phone lines.

The substantial traffic gains achieved during the
first six months continued in July with revenue pas-
senger miles up 259, over July of 1960. Revenues
showed a 229, growth while available seat miles
were up less than three percent.

Bonanza’s “Youth Fare” was approved by the
Civil Aeronautics Board and went into effect on
August 10th. By the end of the month, 192 identifi-
cation cards had been sold and 182 young passengers
had flown Bonanza. During the month of Septem-
ber, the identification cards had increased to 495
and 363 youths had taken advantage of the fare.

In August, Bonanza filed objections to a Civil
Aeronautics Board “show cause” order for dismissal
of proposed service between Las Vegas and Bolise,
Idaho. Proposed service between these points had
been severed from a previous case because of geo-
graphic reasons. As a result of the objections filed
by Bonanza, two other local service carriers, and
other interested parties, a pre-hearing conference
was held in Washington, D. C. in October and
public hearings were scheduled for January in
Boise.

Bonanza was also involved in two other route
cases during the year. The airline participated in
oral argument for the Pacific Southwest Local Serv-
ice Case in which Bonanza has applications for the
lifting of restrictions on its Las Vegas-Los Angeles
and Los Angeles-San Diego routes, and applications
for new routes between Las Vegas-SanDiego, Las
Vegas-Oakland/San Francisco, Reno-Oakland/San
Francisco, and Reno-San Diego; the first three rout-
ings via intermediate points and nonstop, and the
Reno-San Diego route via intermediates and two-
stop authority.

The other case in which Bonanza is a party is the
Southern Rocky Mountain Local Service Case.
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on all its major international routes, the airline \.\'as
preparing to extend DC-8 service to Latin Amen.ca,
pending clearance of technical difficulties at Mexico
City.

At year-end, CPA was in the process of a major
consolidation program involving the disposal of
surplus aircraft, including the bulk of its je.t-prop
Britannia and DC-6B fleets, with corresponding re-
duction in staff. Objective of the plan was to tnm
the company's aircraft and equipment to current
route and frequency requirements.

Meanwhile, in Canada, the airline introduced two
major passenger service attractions this year. On
October 29, CPA became the first airline in Canada
to abolish the rule whereby passengers must recon-
firm their reservations six hours before departure.
The cancellation of the reconfirmation rule on all
CPA flights within Canada was to be carried out on
a six-month experimental basis. N

For the convenience of passengers in .Brmsh
Columbia, the airline established a daily air serv-
ice between Vancouver and Prince Rupex"t’s new
airfield on Digby Island, using DC-6B airlmers. on
August 16th, 1961. This flight marked the ﬁrst.nme
Prince Rupert had been served by four-engined.
wheel-type aircraft. The introduction of the ne?\i
service signaled the re-establishment of regular air
service to the northern coastal city alter an absence
of two years. The airline formerly operated a C:fnso
Flying Boat link between Sandspit and Prmce
Rupert Harbor.

CARIBBEAN-ATLANTIC AIRLINES, INC.

The “Caribbean’s busiest airline” was busier than
ever in 1961. During the month of Ju‘ly :'tlone, f01‘
example, Caribair carried in excess of 43,000 pas-
sengers on all routes—an all time record.

Summer business continued to grow, particularly
to St. Thomas and St. Croix in the Virgin Isl:m'ds.
For three consecutive years Caribair hfis carried
more summer traffic, to and from the Virgin Islands,
than during the former peak winter season mo.mhs.
The principal reason for this summer growth is the.
popularity of the Virgin Islands as a cool sqmmex
vacation paradise for residents of both the mainland
U.S. and Puerto Rico. Added to this are the reduced
summer hotel rates plus attractiv_e pack‘age tours
offered by Caribair in cooperation with wavel
agents. Even the normal off season 111911t11§ of
September, October and November were far from
dull in 1961. Some 3,500 Fedder’s dealers were
awarded prize vacation trips to St. Croix during this
period. Caribair charted an aircralt to Fedder's to
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fly these people from St. Croix to St. Thomas in
groups of 270 weekly.

Major developments for Caribair in 1961 in-
cluded:

The opening of a New York City Sales office in
January to service stateside travel agents as well as
interline carriers. This attractive office is located at
9 Rockefeller Plaza.

Inauguration of Convair-540 (Jet Prop) service
to St. Thomas and St. Croix in December. Caribair
has purchased 3 of these fast 55 passenger aircraft
to supplement their present DC-3 fleet. Convair-540
service to other points on Caribair routes will be
inaugurated in 1962.

Service was started from San Juan to Guadeloupe,
F.W.L in early December. This new Caribair route
links Guadeloupe with San Juan via St. Martin
and St. Thomas.

Free sale with U.S. and Puerto Rican Travel
Agents and other carriers was started in July and
proved to be highly successtul, enabling agents and
carriers to immediately confirm Caribair space to
their clients. Tied in with the above have been
significant improvements in newer reservations con-
trol center in San Juan.

Caribair at year-end was operating from San Juan
to Ponce and Mayaguez in Puerto Rico, Ciudad
Trujillo in the Dominican Republic, St. Thomas
and St. Croix in the U.S. Virgin Islands, St. Martin
in the Netherlands Antilles and Pointe-a-Pitre,
Guadeloupe in the French West Indies.

CENTRAL AIRLINES

In 1961 Central Airlines launched the greatest
expansion program in its 12 year history.

Early in the year Central introduced its new
Radar Convair service to 14 cities in Arkansas,
Kansas, Missouri, Oklahoma and Texas. These 40-
passenger planes were put into service on the air-
line’s more heavily traveled routes.

At the time of the Convair advent Central ex-
panded the number of cities it served by nearly 50
per cent. The 14 new cities were: in Kansas, Coftey-
ville, Dodge City, Garden City, Goodland, Great
Bend, Hays, Hutchinson, Independence, junction
City, Manhattan, Parsons, and Salina; in i\"IiSSOUl'i,
Fort Leonard Wood; and in Colorado, Pueblo.

The greatest increase of passenger tr

j affic for the
year was seen in Colorado Springs

Denver, and
Kansas City. With the opening of the easternly
routes across Kansas and the suspension of Conti-
nental Airlines’ service to many Kansas cities,
Colorado Springs and Denvey boardings showed
over a 1,000 per cent increase. \ith the opening of
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Central’s westernly routes from Kansas City and
the suspension of Continental’s service across the
state, Kansas City’s boardings rose nearly 100 per
cent.

During the year Central carried its millionth
passenger and logged its 34 millionth passenger
mile.

The year 1961 also saw Central Airlines make
another broad move for expansion when it prose-
cuted its application before the Civil Aeronautics
to extend its routes west from Dallas to El Paso via
intermediate Texas cities and to Roswell, Albu-
querque, Santa Fe, and other New Mexico cities.

CHICAGO HELICOPTER AIRWAYS

A larger proportion of Chicago airline passengers
rode CHA helicopters in 1961 than ever before.
This greater penetration of the available market
was achieved in the face of lower levels of air travel.
Given a resumption of normal growth in airline
traffic as the recession wanes, CHA was poised to
maximize benefits of the accelerating swing to heli-
copter service in Chicage.

Notwithstanding the 1961 decline in airline
traffic, a slump that hit the Chicago area more,
perhaps, than other leading airline centers, CHA
continued to promote sales aggressively. As one
result, CHA carried 280,944 passengers on its inter-
airport, downtown and suburban runs in the year
ended June 30, 1961.

This number of helicopter passengers equalled
2.39%, of all those coming into or leaving from
Chicago’s twe major airports—O’Hare and Midway.
It was nearly three times the 0.89, carried in fiscal
1958, the company’s first full year of operations. (If
comparisons are made with just the number carried
by either helicopter or limousine, CHA's proportion
rose from 49, in the calendar year 1957 to 189, in
1960. This ratio probably rose further in 1961.)

Central theme of the company’s 1961 space and
other media effort was “Up and Over.” This snappy
slogan is short, to the point. Shown against a back-
ground of bumper-to—bumper traffic, this theme
probably expresses best the thesis that only the heli-
copter has the ability to short-circuit (or leap-frog)
steadily worsening traffic on our streets and high-
ways. It is beameqd continuously at passengers origi-
nauing both in Chicago and elsewhere.

.Another advertising and educational tool used
with great effect wag Sikorsky’s new movie with the
same “Up and Over” jle.
promotion film was shown t
and outside the airline inqy

This long-needed sales
o large groups both in
stry. It was in increas-
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ing demand by numerous civic and planning
groups.

In still another drive for “first riders” CHA ex-
panded promotion of its helicopter Skytours.
Special efforts were aimed at greater family use.
Past experience has shown that a high percentage of
Skytour passengers become regular riders and en-
thusiastic boosters of helicopter service.

Parallel to these efforts was a program to “bring
helicopter service to the people.” This means mak-
ing helicopter service more convenient, more readily
available than ever before. Full interline services,
convenience and speed are the only things the com-
pany has to sell. One major step in this program
was the recent relocation of the Midway check-in
counter from Gate 24 to Gate 19 on American’s
concourse or “finger.” CHA’s counter is now 450
feet nearer to American Airline’s main waiting
room. It also made helicopter service more con-
venient to passengers arriving on other lines.

Since Gate 19 is the first one on the finger, CHA
has the important advantage of being “exposed” to
all of American’s passengers. Gate 24 was situated
at the far end of the concourse. Now, for the first
time, each passenger goes right by the CHA counter.
A series of signs arranged to attract maximum atten-
tion quickly inform the inbound passenger of what
CHA does for him. The first is: “Chicago Loop—7
minutes” and “O’Hare—11 minutes”—CHA flight
times on these segments. Later signs contain similar
appropriate messages.

Because the helicopter is such a vital link between
the customer’s true origin and his true destination,
CHA intensified its schedule coordination efforts
with major trunklines. An example of this was the
coordination of advance schedules with two trunks.
TWA and United, so their passengers could make
better connections with CHA’s Gary, Indiana, run.

Two other things were being counted upon to
help boost CHA’s future market penetration. First
was the new terminal building at Meigs Field,
Chicago’s convenient lake-front heliport. This
larger, more comfortable downtown terminal has
long been needed. The new Meigs facility will have
cost close to $1 million by the time the “temporary”
wooden structure erected in 1949 is razed. CHA is
the only scheduled operator at Meigs, but thousands
of private business aircraft land at the field on
Northerly Island. Some provide passengers for
CHA to O’Hare and even Midway since it is easier
and cheaper to land and park a private plane at
Meigs.

The most important booster of traffic was new
equipment. As experience with the $-58 demon-
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strated, the company expected new growth to result
from introduction of new equipment. On order
since December 1959 were four 25-passenger Sikor-
sky S-61s. Delivery was expected to begin in Jan-
uary, 1962. This twin-turbine helicopter represents
an advance of more far reaching significance than
the transition from seven-passenger S-55s to the S-58.
Both passenger capacity and speed will be increased,
but perhaps most important is the major reduction
in noise and vibration levels, as well as in costs.
According to the manufacturer, seat-mile costs of
the S-61 will be cut 509, as compared to the S-58.

CONTINENTAL AIRLINES

During 1961, Continental Airlines further en-
hanced its reputation as one of the fastest growing
airlines in the nation.

A small regional carrier just a few years ago,
Continental at the end of 1961 had nearly 3.000
employees headed by Robert F. Six, president for
the past 23 years.

In its first 27 years of operation, Continental
carried a total of 8,000,000 passengers four billion
revenue passenger miles. For the year 1961, the
company expected to have flown an additional
1,500,000 passengers another one billion revenue
passenger miles.

Continental began operations on July 15, 1934,
as the Southwest Division of Varney Speed Lines,
flying a 520-mile route between Pueblo, Colo. and
El Paso, Texas, carrying nine passengers in the first
15 days. In 1961, the company served 36 cities on a
7,000-mile route through nine states, flying between
Los Angeles, Denver, Kansas City and Chicago;
between Los Angeles, Arizona and Texas; through-
out the Rocky Mountain region and the Southwest.

The company's five Golden Jet Boeing 707s and
13 jet-powered Viscount Ils accounted for more
than 90 per cent of CAL’s daily seat miles—the
highest percentage of jet-powered service offered by
any trunkline in the nation. Continental also op-
erated 11 piston-engined aircraft during tile year.

On order were four Boeing 720B fan-jet trans-
ports. The new planes were to be (lelivei‘ecl to the
company in the spring of 1962, permitting a s_ub-
stantial expansion of jet schedules for the prime
summer vacation months. Acquisition of the new
planes will boost the company’s assets to approx-
imately $100 million.

In addition during the year was a $250,000 flight
kitchen at Los Angeles [nternational Airport, com-
pleted on Oct. 1, 1961. The kitchen, which has a
capacity of 5,000 meals a day, will be for Con-
tinental’s own use. Food boarded on CAL's flights
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at Los Angeles previously was prepared by caterers.

Continental was operating its Golden Jets on
flights connecting Los Angeles, Chicago, Denver,
Kansas City, Houston, San Antonio, Phoenix, and
El Paso. The Viscount IIs were scheduled through-
out Colorado, New Mexico, Texas, Oklahoma,
Kansas, Missouri and Arizona.

In June, 1961, Continental opened up its newly-
awarded Southern Transcontinental route by in-
augurating flights between Houston and Los
Angeles, both nonstop and via San Antonio, El
Paso, Phoenix and Tucson. The expansion of Con-
tinental’s system also marked the first time the air-
line had served Arizona.

At year-end Continental had a number of major
route applications pending before the Civil Aero-
nautics Board, including requests to fly between the
Mainland and Hawaii; to fly between Los Angeles
and San Francisco; to fly nonstop between Dallas/
Ft. Worth and both Houston and San Antonio; to
fly between Dallas and Los Angeles via Lubbock,
Albuquerque, Phoenix and Tucson; and to fly non-
stop between major cities in Texas, Oklahoma and
Colorado.

Continental made a major bid to extend its sys-
tem to the East Coast, by asking for authority to
fly between Chicago, Cleveland and New York; be-
tween Cleveland and Philadelphia; and between
Philadelphia and Detroit. The application was
made in the Chicago-East case, which the CAB
opened to determine what new service is needed on
the routes to fill the competitive gap resulting from
the merger of Capital Airlines into United Air
Lines.

During the year, Continental gained new recog-
nition within the industry for several reasons:

—It was one of the few of the nation’s 11 major
trunk airlines which showed a net profit in the first
six months of 1961 despite the severe effects the
general business recession had on the industry.

—Continental achieved what one trade publica-
tion (Airlift Magazine) called a “phenomenal” utili-
zation of its Golden Jets by scheduling each aircraft
for 15 flying hours a day, highest in the industry.
A major factor in the high utilization was the com-
pany’s “perpetual” maintenance program whereby
major overhaul is done on a regular daily timetable,
thus eliminating the need to pull aircr

g ) aft out of
service for long periods of time.

—The company made several new service innova-
tions. Example: The “instant boarding” system
whereby passengers need only to check their luggage
at the terminal, immedialely board the Golden Jets,
then buy their tickets in-flight from a male cabin
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previous 3,241,511, There also was a gain in pas-
senger revenue, up to $134,946,000, an increase of 23
per cent above the previous 5109,671,000.

During the month of August, 1961, Delta set three
cargo records. The airline carried 1,809,000 ton
miles of airFREIGHT, 398,000 ton miles of ex-
press, and 528,000 ton miles of mail. The air-
FREIGHT figure was up 45 per cent over the same
month last year and was 179, more than the carrier
hauled in July, 1961. Delta carried 279, more ex-
press and 33 per cent more mail than it carried in
August, 1960. Express ton miles represented a gain
of 2297 over July, 1961, and mail an eleven per cent
gain over the same period.

Delta attributed the increase to a general upswing
in the national economy, as freight transportation
is normally the first industry to feel the results of
an improving economy. Merchants, says the airline.
just do not order goods if they do not expect to sell
them.

Delta, with a fleet of five Super D-16 air-
FREIGHTERS, offered all-cargo flights to eleven
cities in nine states.

The first door-to-door airFREIGHT rates in the
industry were put into effect by Delta on Oct. 6.
Previously all quoted rates were based on airport
to airport service, and Delta felt that the new pro-
gram offers the biggest boost that airFREIGHT has
ever had. Although airFREIGHT rates have been
steadily reduced, increases in pickup and delivery
have been offsetting these reductions, but door-to-
door rates can offer shippers considerable savings,
In some cases as much as 40 per cent.

In July, Delta demonstrated its newly-ordered
IBM 9074 SABRE airline reservation system which
will make up-to-the-second flight and passenger in-
formation available instantly to its reservations
agents in 66 cities. The far-flung IBM tele-process-
ing network will link nearly 300 remotely located
electronic agent terminals to a powerful compu'ter
center, located in Atlanta, with installation
scheduled to begin in April, 1963.

Delta’s SABRE airline reservation system will
improve customer service by providing reservations
agents with immediate access to accurate, complete
and current information on space availability for all
Delta flights and for the most frequently used con-
necting flights of other airlines. '

SABRE, with nearly 70 million words of informa-
tion in magnetic disk storage, will file and follow up
complete individual reservation records of all Delta
passengers,

Another Delta demonstration, in September, un-
veiled the first developmental model of the world'’s
fastest, most accurate inter-city teletypewriter sys-
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tem. The model system, furnished Delta by the Bell
Telephone System. is known as Developmental Line
Switched Teletypewriter Service.

EASTERN AIR LINES

A highlight of Eastern Air Lines’ year was the
introduction, in the spring of 1961, of “Air-Shuttle”
service between New York and both Washington
and Boston.

The Air-Shuttle offered positive seats, no prior
purchase of tickets, no check-in delays, and no
baggage tagging. .\ passenger picks a boarding pass
out of a vending machine, takes his baggage with
him or leaves it at the gate to be loaded, and pays
for his ticket on board the flight. A reduced fare is
charged for this service.

The Air-Shuttle proved highly successful. At the
end of the first 11 weeks of the experiment, more
than 50,000 passengers had tried the service. Eastern
invested S$525,000 in an Air-Shuttle station at New
York's LaGuardia Airport, where it will have its
own access roads to the main highways between
New York City, Westchester and Long Island.
Super-Constel]ation aircraft are used for the Air-
Shuttle service.

Beginning with every-other-hour schedules, the
service between New York and Boston was doubled
to hourly on August 1, and on September 15 in-
creased on the same basis to Washington. By late
October, Eastern had carried more than 300,000
passengers by Air-Shuttle.

During the year, Eastern received authorization
to extend its services as far west as Dallas and Fort
Worth, Texas, with direct flights across the Gulf of
Mexico from Miami and Tampa via New Orleans.

Also, as part of a program to strengthen its long-
haul operations and to provide better regional and
connecting service for some of its smaller northern
cities, Eastern arranged during the Summer to trans-
fer to Mohawk Airlines two Vermont and six up-
state New York stations which it had acquired with
the Colonial merger in 1956.

The frillfree Air-Bus service which was intro-
duced a year ago between Pittsburgh, Cleveland,
St. Louis and Florida with considerable success was
further expanded in 1961 to include flights between
Detroit, Tampa fmd Miami, and between New
York, Nex‘vark, Philadelphia, Miami and San Juan,
Puerto Rico.

Looking to tne future, Eastern placed an order
during 1961 for a $175 million fleet of short/medium
range jet aircraft—the Boeing 727 with three rear-
mounted by-pass engines giving it a speed capability
of 585 mph over ranges from 200 to 1500 miles non-
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stop. The first of these planes will be delivered in
1963.

As it entered the Winter travel season of 1961-62,
Eastern was looking forward to a greatly enlarged
jet fleet and jet schedules tripling those of the
previous Winter, with some 15 Douglas DC-8s and
15 Boeing 720s in service and many new pairs of
cities linked for the first time by the modern air-
craft.

ELLIS AIR LINES

Outstanding in the events of the 1961 Ellis year
was the announcement of the agreement of the
directors of Ellis Air Lines and Alaska Coastal Air-
lines to merge the two companies. Pending Civil
Aeronautics Board approval, the two companies
worked for a January 1, 1962, date of consumation.
The new company (proposed name—Alaska Coastal
Ellis Airlines) expected to have its central offices in
Juneau; however, the maintenance facilities will be
distributed between Juneau and Ketchikan, and the
Ketchikan Base will be retained as a terminal point.
Coastal Ellis will have a fleet consisting of three
Convair 28-5ACFs, sixteen Grumman G-21As,
three Cessna 180s, one Bellanca and one Howard,
and will serve virtually every human being in
Southeastern Alaska.

The greatest immediate effect of the merger will
be the consolidation of the maintenance depart-
ment. It was tentatively planned to overhaul the
Grumman aircraft at the Ketchikan base and the
Convair aircraft at the Juneau airport. Engines will
also be overhauled in Juneau. The two companies
were in a position to accomplish this development
with little or no transfer of personnel or equipment.

Changes in routes and schedules will be consider-
ably more gradual, but the combined existing routes
will cover all of Southeastern Alaska, from Prince
Rupert, British Columbia in the south, to Skagway,
Alaska in the north, providing scheduled service to
41 communities, and charter service to any spot in
Alaska or British Columbia. Although there are
On.ly three usable airfields in Southeasterri Alaska,
E‘lsise;;ecr:l:aec }:e:)'\f/i.ce can be pr.ovided by. Coastal
land on warer. 1ts aircraft will be equipped to
anzllf(c;artlsré Choig)}: \S:;:Hi will be.black and wh%te,

y red trim on the engine

cowel, Wing tips, and tail. The emblem will be the
two Ellis Geese imposed over the

. moon, the lon
standing symbol of Ellis Air Lines. g
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FRONTIER AIRLINES

Frontier Airlines in 1961 made considerable prog-
ress both in profits and in passenger volume. For
the twelve months ending in October, Irontier's
“Sunliner” fleet of thirty-two twin-engined aircraft
carried 352,000 passengers a total of 95,551,000 pas-
senger miles. This was a six per cent increase in
revenue passengers and a nine per cent increase in
the total distance which they traveled over the
previous twelve month period.

For Frontier's 1,300 stockholders the good news
came in a third quarter Stockholders Report with
profits for the first nine months of 1961 setting a
new high. The operating profit of $596,000 was an
increase of 139 per cent over 1960. Net income
before special adjustments totaled $243,000 or a 122
per cent increase over the same nine-month period
in 1960. These much improved operating results
were primarily attributed to a 15 per cent increase
in passenger revenue, a four per cent increase in
subsidy and only a five per cent increase in operat-
ing expenses.

An aggressive sales and advertising program took
honors for most of Frontier's better passenger trafhc
story in 1961. Attractive packaged vacations to the
many major national parks directly served by the
airline resulted in a healthy increase in interline
traffic to Yellowstone, Grand Teton, Grand Canyon,
Mesa Verde national park vacationlands and to the
dude ranch resorts areas served by Frontier.

In July, a presentation was made to the Civil
Aeronautics Board by Frontier and North Central
Airlines for the transfer and sale of certain of
Frontier’s route segments in Montana, North
Dakota and South Dakota to North Central. His-
torically and economically, the thirteen towns and
cities served by Frontier on these route segments
have had much stronger community of interest with
the area served by North Central than with the
communities of the Rocky Mountain West and Mid-
west served by Frontier. By selling and transferring
the route segments to North Central Frontier hoped
to reduce its annual subsidy need by $1,300,000.
Although North Central’s subsidy would be in-
creased by serving the routes the overall annual sub-
sidy savings would amount to $450,000. In addition
the towns and cities affected would receive improved
air service because of North Central’s east-west
traffic flow and its ability to feature one-carrier
service to Minneapolis-St. Paul and Chicago trade
centers.

New air service was inaugurated by Frontier be-
tween Salt Lake City and Billings, Montana, with
intermediate service to Jackson, Wyoming. Jackson
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land and Washington, D. C. were added to the Lake
Central structure.

To provide better service for the expanded Lake
Central system, the airline took delivery of the first
of five Convair 340s in October 1960. Two more
were delivered in November and December 1960
respectively, and the last two in the first few months
of 1961. By June of 1961 all five Convairs were in
operation serving the new routes. As of September
1961, Lake Central offered Convair service to 19
cities.

The Lake Central DC-3 fleet was also increased to
meet the new needs of the airline. Ten additional
aircraft were purchased which boosted the DC-3
contingent from 12 to 22.

As passengers boarded the Convairs or the DC-3s
they were welcomed by Lake Central stewardesses
wearing a new uniform created in 1961 especially
for Lake Central by the internationally famous
Beverly Hills couturier, Don Loper. The new uni-
forms were officially donned in October, 1961. Lake

Central was the first local service carrier to use a

design of the well known couturier.

During the past year an underwriting group
headed by William Blair & Co., a Chicago invest-
ment banker, offered 130,000 shares of 6149, con-
vertible preferred stock at $20 par value of Lake
Central Airlines, Inc., at a price of $20 per share.
The proceeds of the convertible preferred stock
offering and a $3,000,000 bank loan were used to
acquire the additional aircraft and applied toward
other requirements of Lake Central’s expanded
route system. The total proceeds from the offering
and the bank loan were $5,600,000.

Lake Central offered the first quarterly dividend
on the newly issued preferred stock in February of
1961. The initial dividend was 14.44 cents per share
on the 614%, $20 par value preferred stock. Quar-
terly dividends of 82,5 cents per share were also
paid in June and September.

As part of a long range development program,
Lake Central evaluated different types of vertical
take-off aircraft throughout the year. Lake Central
officials observed the operation of the Fairey Roto-
dyne, Sikorsky S-61 and S-62, and the Vertol 107.
Lake Central’s interest in verticle take-off aircraft
1s to determine their feasibility of operating in the
downtown to downtown passenger travel market.

Because of the acquisition of new routes which
serve many cities for the first time, Lake Central’s
passenger and community relations program has
also been stepped up. Eight pre-inaugural flights
were cc.mducted by the airline during the yéar.
These included Akron-Canton, Ohio: Columbus
and Evansville, Indiana: Jackson, Mid’ligan; Balti-
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more, Maryland; Clarksburg and Martinsburg, West
Virginia and Washington, D. C. In each case one or
two Lake Central planes were used to fly, local and
city ofhicials, area and state dignitaries, members of
the press, radio, and television, and Lake Central
personnel on scenic flights followed by welcoming
ceremonies at the new terminals.

In addition to the pre-inaugurals, four receptions
were held in connection with the establishment of
Lake Central’s north-south routes between Cincin-
nati and Detroit.

In observance ol National Aviation Day, which
was celebrated on the birthday of Orville Wright,
Lake Central presented gold-framed certificates of
commendation to the Aviation Committees of 23
cities served by the airline. These cities were cited
for their outstanding performance in the promotion
of aviation in their respective areas.

Once again, Lake Central was the recipient of the
National Safety Council’s highest award. The air-
line was presented with the Award of Honor, an
award for airlines which accumulate 75,000 aircraft
hours or more without a passenger or crew fatality.
Lake Central has received the National Safety
Council’s award every year since the airline began
operating.

MOHAWK AIRLINES

Mohawk Airlines continued its fast-paced expan-
sion in 1961 by a growth of 459, through acquisi-
tion of new routes, installation of a central reserva-
tions complex, acquisition of additional equipment,
new fare reduction plans.

These were Mohawk’s 1961 highlights:

Mohawk grew 459, in September as eight north-
ern United States cities were transferred to Mohawk
from Eastern Air Lines. Among the cities included
in the transfer were Glens Falls, New York, Platts-
burg, New York, Albany, New York, Saranac Lake,
New York, Rutland, Vermont and Burlington, Ver-
mont, Watertown, New York and Massena, New
York.

The airline installed a central reservations system
in both Syracuse and New York City speeding the
reservations process considerably. Central reserva-
tions is a result of the recent telpak tariff filed by
the American Telegraph and Telephone Company.
New York center is located in the East Side Airlines
Terminal Building. The Syracuse center is located
in the Mohawk Airlines Building in Syracuse. Cen-
tral Reservations allows a person to dial a local
listed number in his area. Through a direct line,
he is connected to one of the reservations centers at
no extra cost to the customer. Central Reservations
will be in operation 24 hours a day.
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Mohawk purchased nine Martin 4045 to supple-

ment the Convairs on the routes transferred from
Eastern Air Lines.

Service to Pittsburgh from New York was inaugu-
rated during May along with service to the Cana-
dian border at Massena, New York.

The number of cities served increased to 52
within a ten state of the populated Northeast sec-
tion of the United States. Service extended from
Detroit to Boston, from the Canadian Border to
New York City and Pittsburgh,

The company announced the retiring of the three
remaining DC-3s at the end of 196]. They will be
sent to Mohawk’s Ithaca base, where the rest of the
DC-38 fleet is waiting to be sold. The DC-8s were
used in 1961 for Mohawk's famous Gas Light Serv-
ice which received wide acceptance throughout the
United States, including Alaska and Hawaii.

The Golden Age Fare was introduced as a one-
third reduction in fare for men over 65 years old
and women over 62 years old. The travel is good
anywhere on the Mohawk system at the special
Golden Age Excursion Fare between the hours of
12:01 am. and 12:59 p.m. on a round trip basis.
There is a $5.00 annual membership fee in order to
attain the reduction.

Mohawk hosted the 14th New York State Airport
Operators Conference in Utica. Over 200 airport
operators attended this conference sponsored by the
New York State Department of Aviation. Previously
held in Syracuse, this conference was one of the most
successful in the series.

A Market Development Department was created
within the company.

Total charters contracted during the year repre-
sented a 409, increase over 1960. As of August 1961,
the total amount of charters surpassed 1960's in-
come. Charters were expected to gross over §400,000
in 1961.

The airline created a customer custom interior
department for Mohawk’s contract maintenance
service through acquisition of Aeronautical Up-
holsters, Inc. Mohawk will install a custom interior
according to the customer’s specifications on any
multi-engine equipment.

The Ready Ticket check-in procedure was intro-
duced eliminating the waiting at the airport tic.ket
counter. The customer calls for reservations, writes
his own ticket, and picks a boarding pass from the
Ready Ticket check-in board on the airport ticket
counter. The customer is then billed at the end
of the month.

An exemption for the Group Travel Developer
Tariff was received by Mohawk. This tariff allows a
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group travel arranger to travel free if the group con-
sists of fifteen or more people.

The New York City Area General offices were
moved to the East Side Airlines Terminal Building.

A weekend excursion fare was introduced which
gives a 25%, reduction in the round trip fare any-
where on Mohawk’s system. This reduced fare is
good from midnight Friday to midnight Sunday.

Mohawk’s fleet at year-end consisted of 27 air-
craft: 13 Convair 240s, 5 Convair 440s and 9
Martin 404s.

Management was studying various types of jet
equipment for possible purchase. Among the con-

tenders were the British BAC-111 and the French
Sud Aviation Caravelle.

NATIONAL AIRLINES

Jetting West on June 11, 1961, National Airlines
became truly a national airline with the inaugura-
tion of the southern transcontinental route linking
Florida and California. In 1961, NAL served all
three coasts of the country—East, West and Gulf—
and was certificated to serve 44 cities in 15 states, the
District of Columbia and Cuba.

In its decision on March 14, 1961, awarding the
new route, the Civil Aeronautics Board extended
NAL'’s Miami-to-Houston route by two segments,
one to Los Angeles via San Diego, and one to San
Francisco via Las Vegas. Included in the award was
the authority to fly non-stop from Florida to Cali-
fornia.

The new route, just about doubled the miles the
Florida airline was flying. The CAB decision pre-
dicted the route should develop about 343,900 pas-
sengers and 667,829,000 revenue passenger miles,
and increase the revenues of NAL by $41,000,000
a year.

NAL President G. T. Baker in April announced
the purchase of seven DC-8 turbofan jets from the
Douglas Aircraft Co., and the first was delivered in
October, 1961. The Pratt and Whitney JT 3.D-1
turbofan engine gives these aircraft more power apd
speed, combined with fuel economy. The DC.§
turbofan jet of this type in 1961 held the record of
flying further, faster and higher than any other
commercial jets. Overall cost of the seven planes
was $39,800,000.

June 11 was set by the CAB as the inaugural date
of the new route, and in the intervening months 25
NAL crews trained to fly the route,

Initia‘l schedules called for five daily rvound-trip
flights from Florida to California.
were DC-8 jet flights from Mj
one via Tampa, and one vy

Two of them
ami to Los Angeles,

ia New Orleans and
Houston. On September 24, National inaugurated
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DC-8 jet service between San Francisco and Miami,
via New Orleans and Houston, first jet link between
the cities.

All-cargo service between Florida and California
was launched August 1, with round-trip flights
Monday through Friday each week from Miami to
Los Angeles, via Orlando, Tampa and Houston.
The Department of Defense had stressed the need
for the air freighter service, given by two Super-H
Star air freighters with a cargo capacity of 38,000
pounds. Two air freighters continued to serve the
New York-Miami route, with a big increase in the
amount of cargo carried on the East coast route,
compared with loads for 1960.

The American Red Cross asked National Airlines
to fly relief supplies collected in South Florida to
Houston, for relief of victims of Hurricane Carla in
September in the air freighters.

It was predicted that the new route would be
lucrative. The first two months of operation proved
even better than predictions. In July and August
National flew 115,825,000 revenue passenger miles,
up 43.6 per cent over the same period in 1960.
Operating profit for the period was $450,000 and
net profit was $119,400, highest for any July-August
period in National’s history.

Not all the increase in trafic was due to the
Florida-California route. Record summer traffic
from Idlewild was reported following National’s
introduction of new low coach fares in May, Mon-
days through Thursdays, between New York and
Miami, Philadelphia and Miami, and Washington
and Miami. Mid-summer package vacations sales
also set a record.

Missile activity at Cape Canaveral, in New
Orleans at the Michoud Airport moon-rocket proj-
ect, at Houston’s space laboratory and in California
missile manufacturing plants generated a substan-
tial part of the travel on National’s new route.

National reported a net loss for the fiscal year
epding June 30, 1961, of $7,254,145 after deprecia-
tion charges of $11,116,000 and non-operating
charges of $1,772 000. Despite an increase of
$1,869,000 in depreciation and an overall wage in-
crease of 14.9 per cent, an overall cut in expenses
of $4,332,000 was made.

A.m‘mg the adverse factors to which the loss was
zli\;:)rrxtlﬁ;taei Avlvreillfie | -the temporary certi'ﬁcation of
the general busiriels: the Nc-ew York-Florida m?rket;
market; the demandsrecissi?n; foss Of-the .(Auban
strikes during the ﬁscalo, ajbor resulting motwo
on the Electra which iZ:ar" the_speed'restrlctlon

L , reased its unit cost per
mile; and most unusual ang severe weather condi-
tions in the northeastern areq during the winter,
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causing cancellations and substantial loss of reve-
nue.

A $10,288,000 issue of subordinated convertible
debentures was successfully marketed during the
year and actively traded on the New York Stock
Exchange.

A third Douglas DC-8 jet, the DC-8 turbofan jet,
and two additional Lockheed Super Electra II
planes were delivered in the fiscal year 1961, in-
creasing the NAL fleet to 48 aircraft. These were
in addition to the turbofan jets. Two additional
daily round trips between Miami and New York
with DC-8 jet equipment and five round trips
weekly on DC-7B equipment were obtained through
an interchange agreement.

The CAB approved a National Airlines plan to
divest itself of 400,000 shares of Pan American stock
by means of sale in the 1962 fiscal year.

A CAB examiner recommended in February that
NAL provide service between Florida, Buffalo and
Toronto, by extending NAL’s present route from
Philadelphia. NAL filed an application with the
Board to fly non-stop {from New York to Jamaica n
a newly created route case. And NAL became a
contender for a route to South America by asking
the CAB to consolidate National’s applications for
route extensions to Balboa, Canal Zone, both from
Key West non-stop and from Key West via Kingston
and Montego Bay, in the newly created United
States-South American route case.

As 1961 ended the most important case involving
National Airlines pending before the CAB was the
proceedings to determine whether to renew North-
east Airlines’ temporary five-year certificate to fly
the New York-Miami route, which expired on
November 27, 1961. National asked the CAB to
expedite hearings, and the Board announced that
among other things it would consider in the case
would be proposals for a merger with Northeast.

The position of National in the case is that the
traffic on the New York-Miami route will not sup-
port three carriers, and that the over-competition
since the award of Northeast’s temporary certificate
has brought financial disaster to Northeast and
losses to the other two carriers serving the route,
National and Eastern Airlines.

At the NAL board meeting on November 3, G. T.
Baker announced his desire to retire as president in
favor of Robert E. Wieland. Baker continued as
board chairman.

The NAL fall sales conlerence took the entire
system-wide selling team of National to the west
coast cities now added to the system, to familiarize
them with the new routes possibilities, while opera-
tional personnel were brought to the Miami execu-
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and in a number of cases provided the first and only
pure jet transportation over the heavily traveled
routes.

At year-end, Northeast’s 880’s served the follow-
ing cities: Montreal, Boston, New York, Philadel-
phia, Baltimore/Washington, D. C., Miami, Fort
Lauderdale, Tampa/St. Petersburg-Clearwater, and
jucksonville, Florida.

During the year Northeast’s traffic results made it
the number one and/or the number two carrier in
seven of the thirteen northeastern U.S. to Florida
markets it serves. Between Boston and Miami/Fort
Lauderdale, for example, at one point the carrier
reported it was carrying nearly twice as many pas-
sengers as its nearest competitor.

The impact of this 880 equipment was demon-
strated by a 1009 increase in the sale of Northeast’s
1961-1962 Florida package vacations compared with
the previous year. To make these vacation packages
even more attractive the line’s new Fall and Winter
schedules increased available jet seats by more than
509, over last year for the greatest number of jet
seats ever available throughout Northeast’s system.

In keeping with this growth pattern in the
Florida travel market, Northeast’s “‘commuter” busi-
ness moved steadily ahead. During the first six
months of the year passenger traffic between Boston-
Washington-Philadelphia-New York increased more
than 309, over the same period in 1960. New York-
Washington traffic alone increased over 609 for the
period.

Statistics revealed that in 1961 Northeast carried
two and one-half times as many passengers between
Boston and Washington as the second major carrier.
At this rate, seven out of ten Boston-Washington
passengers were flying on Northeast. To accommo-
date this business, Northeast scheduled 16 non-stops
daily and operated extra sections at peak traffic
periods—most of it with the popular jet-prop Vis-
counts.

Throughout its entire East Coast operation
Northeast has pioneered a number of service fea-
tures. Beginning with the DC-6B and the introduc-
tion of the only low fare day coach service limited to
two and two seating, it moved on until in 1961 it
was the only major East Coast airline to honor
American Express, Hilton Carte Blanche, and
Diners’ Club along with the familiar Air Travel
Card on all flights. In 1961, it expanded into mem-
bership in the Vacation Travel Club, a special travel
plan whereby passengers “‘save now and go later”
in order to earn a 69, annual saving on their vaca-
tion funds plus full bank interest.

The DC-6B equipment formerly used exclusively
in Florida service continued to bring new concepts
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of speed and four-engine reliability to New Eng-
land. Throughout the region a number of cities
formerly served only by DC-3’s were enjoying year
round DC-6B service for the first time.

To maintain its expanding fleet of jet equipment
Northeast completed a move into its new 35214
million combination office building and mainte-
nance hangar in Boston. The building is large
enough to house a football field and grandstand on
its hangar floor alone, and can accommodate three
Convair 880 Jetliners simultaneously.

Northeast also announced plans to expand its
Idlewild operation to include a new S10 million air
terminal. The new facility is to be occupied jointly
by Northeast, Northwest Orient Airlines, and
Braniff Airways and will cover a total of three acres
at New York’s International Airport.

In New York the carrier occupied a new ultra-
modern reservations and sales office on Fifth Avenue
as part of its overall program to _ej‘ipa‘nd passenger
service in the area. The new facility is one of the
largest and best equipped in the metropolitan
northeast area.

The “new look” in airport and city ticket offices
continued to make its debut during the year. The
line was moving forward with a mastgr Plall .de-
signed to modernize and standz.lrdl%e all its ticketing

locations from Montreal to Mlamll. _

At year’s end Northeast was actively e{lgaged ma
promotional and exclusive sales in-
gned to increase even more its

number of new
centive programs dest Se eve
share of the market between the 87 cities it serves.

NORTHERN CONSOLIDATED AIRLINES, INC.

Northern Consolidated Airlines in the year 1961
marked its 30th year of service in.Alaska. T}1e be-
ginning of NCA came in 1931 with the flying ex-
i)loits of Harrold Gillam, on¢ of the predecessor

companies. . ;.
The existing airline was the result of a merger of
1 their “grand-

four “bush’ airlines who had earne:(. .
father certificates” issued by the ClYll. Aeronautics
Board for their part n pioneering of air transporta-
tion in southwestern Alaska. The d.:lte of Fhe merger
was 1947; it included the Gillam 'All‘ §€1‘\ZIC€, Bristol
Bay Air Service, Jim Dodson Flying Service and the
; Flying Service.
R?Kal;et}f;::selly wio had spark-plug'gefl tl?e fleal,
was elected presidem and ge{lel'al 111"111‘15(?1‘ of the
airline, a position which he still hefld u )t'.e‘dl-e‘nd.‘
The year 1961 also marked two years ot successtul
operation with the F-27 PI‘O_PJCL ‘ ‘ )
When residents of Alaska in t?le fall of 1958 voted
overwhelmingly for «seatehood”, Northern Consoli-
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from South America in line with the Visit U.S.A.
campaign.

Popular all-expense package tours introduced in
Argentina, Bolivia, Chile, Colombia, Ecuador and
Peru ranged from a 9-day stay in Miami to a 45-day
grand tour of the U.S. visiting key cities, national
parks and resorts -from Miami to California and
back. The airline also invited top South American
travel agents to visit the east coast of the U.S. to
learn first hand about tourist attractions and facil-
ities in Miami, Washington and New York during a
12-day tour.

In September and October, to mark the inaugura-
tion of jet service to Chile and Ecuador and con-
tinuing its program to increase tourism between the
United States and those countries, Panagra also
invited several groups of prominent Chileans and
Ecuadoreans representing the government, travel
industry and press to visit Miami and Miami Beach.
These groups toured the Dade county area, were
greeted by the Mayors and hosted and entertained
by leading businessmen, tour operators and hotel
managers cooperating with Panagra in promoting
travel to the United States via the Miami gateway.

In the cargo department, while household effects,
agricultural and industrial machinery, and missile
tracking equipment made up the bulk of the cargo
shipped via Panagra, livestock to improve South
American herds, and thoroughbred race horses were
transported in greater numbers than ever before in
the company’s pressurized DC-7F all-cargo service.

The luxury of jet air travel was also extended
to pets through the private “airborne kennels”
which the airline provided for these travelers, at cost.
The lightweight plywood kennels provide a maxi-
mum of light and ventilation and are carried in the
air conditioned, pressurized compartment on
Panagra’s DC-8 jets and DC-7 piston prop planes.
Each kennel comes equipped with a copy of the
airline’s “Petiquette for Air Travel,” an amusing
illustrated brochure containing tips for masters of
traveling pets, and proper tags for the animal. The
new service was introduced to assure pet owners of
clean, germ-free housing which they can keep, to
save them the aggravation of building or renting
crates, and to eliminate the difficulty which connect-
ing airlines had in trying to keep track of rented
cages.

.A NeW experimental advertising campaign de-
signed to promote more travel to countries on its
route was launched by Panagra in September. The
new ads appealed to special interest groups and
offered them information on how they could satisfy
their own hobbies or individua] pursuits in South
America. Each advertisement tried to complement
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the editorial content of the magazine in which it
appeared with special emphasis on food, fishing,
shopping, archaeology, sightseeing or adventure de-
pending upon the publication.

To help tourists and travel agents select their
choice of accommodations in key cities and resort
areas in South America, Panagra published and
circulated a “Guide to Better Hotels in South
America.” Listing 112 of the top hotels on the
continent, their rates, number of rooms and type
of service offered, the guide is distributed to travel
agents and Pan American ticket offices throughout
the United States.

Latest addition to the airline’s library of audio-
visual aids for tourists to Latin America is a new
LP language record titled “Hear How to Converse
in Spanish”. Prepared and recorded by Panagra’s
direction of public relations, Lou Garcia, and edited
by the Language Laboratory of Columbia Univer-
sity, it contains all the words and phrases the tourist
needs to get around Latin America. Included with
the record is a 1000 word self-pronouncing glossary
and a copy of the airline’s Dictionary of Useful
Phrases and most frequently used idioms.

Continuing its efforts to foster closer relations and
create better understanding between the Americas,
Panagra in 1961 awarded sixteen travel fellowships
to South American students to study in U.S. colleges
and universities. These brought to 359 the total
number of fellowships which the airline has granted
since the program was inaugurated in 1937 to help
qualified South American graduate students further
their specialized studies in this country.

In 1961, in recognition of its perfect safety record
for the past seventeen years, Panagra received
special aviation awards from the Inter-American
Safety Council and the National Safety Council.
During the period covered by the awards the airline
flew a total of 2,387,098,000 passenger miles without
a single accident over its routes in Panama, Colom-
bia, Ecuador, Peru, Bolivia, Chile and Argentina.

The airline also won the coveted Chris Award
presented by the Film Council of Greater Columbus
for the best travel film. The Panagra film, “Con-
tinent of Contrasts” produced by Coleman Produc-
tions in 166 mm sound and color, depicts some of
the outstanding attractions in South America.

SOUTHERN AIRWAYS

The initial purchase of five Martin 404’s, estab-
lishment of new passenger boarding records and the
addition of cities to its routes were indicative of the
continuous progress made by Southern Airways in
1961.
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Purchase of the larger equipment, part of the
company’s expansion program, was made late in
July. The Martins were put into service October 29
and December 1. Cities in Southern’s system first
to receive the new service were Atlanta, Columbus,
Ga., Dothan, Muscle Shoals and Huntsville, Ala,,
Fort Walton Beach and Panama City, Fla. On
December 1, scheduled Martin flights began across
the State of Tennessee and from Memphis to New
Orleans.

The five larger aircraflt, equipped with \VP-I(.)3
all weather radar systems, were added to the air-
line’s fleet of 26 DC-3's. '

After setting boarding records in Mnreh, April,
May, June and _]uly, these and all existing trafhc
marks since Southern’s founding in June 1949 were
broken in August. A total of 87,506 passengers was
boarded during that month. .

A new daily passenger record was established
June 30, 1961 when 1,813 persons traveled.Sout.he.rn.
During this same month, the local service airline
boarded its two millionth passenger. The number
of passengers carried during the first six inonths of
the year was a 429, increase over the first six months
of 1960.

During the vyear, the nirline !
400,000,000 passenger mile mark since its start of
service. It has flown 2,270,000 passengers with a
perfect safety record in twelve and one half years of
operation. ' )

At the end of the year Southern had increased its
cities to 61, which are located in ten Southeastern
states, employed 950, and was flying over 54,000

route miles daily.

topped the

TRANS-CANADA AIR LINES

Early in 1961, Trans-Canada Air Lines intro-
duced the third aircraft of its planned all-turbine
fleet to the traveling public—the 96-passenger, 425-
mile-an-hour Vickers Vanguard turbo-prop.

The big pianeS, powered by four Rolls.-RoyCC
Tyne engines, went into service on tran_scontmental
Canadian routes Feb. 1, to the Atlantic Provinces
April 30 and to New York and Chicago June 15.

At year-end, the airline was operating 10 DC-_S
jetliners on trans-continental and trans~A.tlant1c
services, 49 Viscounts on short-haul domestic serv-
ices and trans-border routes to the U.S., and 20 Van-
guards on the longer domestic routes and to New
York and Chicago.

The last of the airline’s 21 inimitable North Stars
was sold in the fall of the year, and only a handful
of Super Constellations, flying on routes between
Canada and the islands of the Caribbean, and two
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DC-3s on the Prairie “Milk Run” remained to be
retired before the airline would be operating tur-
bine-powered aircraft only. This was expected to be
achieved at the end of the year.

With the transition to turbines came growth in
most other areas of the airline’s operations.

Passenger traffic rose from more than 3,440,000 in
1960 to 3,700,000 passengers carried in 1961, an in-
crease of close to eight per cent. Freight traffic rose
from 17,981,000 ton miles in 1960 to more than
20,300,000 ton miles in 1961, an increase of more
than 13 per cent.

The airline flew a total of 52,221,000 aircraft
miles during 1961, down 10.7 per cent from last
year, while seat miles made available rose 25.6 per
cent to 3,886,000,000, and occupied seat miles in-
creased by 21.5 per cent to 2,480,000,000.

The increase in seat miles made available and the
reduction in miles flown was due, of course, to the
introduction of larger jet and turbo-prop aircraft.

TCA concentrated on strengthening its existing
route pattern and increasing frequencies in 1961,
and inaugurated only two new services. These were
a DC-8 jet service between Cleveland, Ohio, and
London, Eng., via Toronto, which gave the mid-
western U.S. center its first direct jet links with
Europe; and a new Viscount service connecting
Canada’s Atlantic Provinces with New York City,
via Boston. At the year’s end, it was flying over
39,000 miles of unduplicated routes.

Starting Jan. 4, 1961, TCA began operating only
DC-8 jets across the North Atlantic between Canada
and London, Prestwick, Shannon, Paris, Dusseldorf,
Brussels, Zurich and Vienna and during peak sum-
mer months, offered 21 DC-8 jet flights a week in
each direction across the North Atlantic to the
United Kingdom and continental Europe, provid-
ing more than 2,600 seats weekly in each direction.

During the year, TCA introduced a simplified
North American timetable incorporating quick-
reference schedules. Trans-Atlantic and southern
service schedules are now contained in separate
timetables.

The airline’s $20,000,000 engineering and main-
tenance base at Montreal International Airport, the
first and largest of its type designed exclusively for
turbine aircraft, was opened late in 1960 and was in
full operation in 1961,

A new $3,500,000 mainten

ance base for turbine
aircraft at Vancouver,

. B:C., Was opened in the fall
of 1961, while construction wag started during the

year on a slightly smaller maintenance base at Hali-
fax, N.S., on Canada’s east coast,

Trial testing of the airline’s new multi-million
dollar electronic system was well under way at the
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end of the year. This new system, which will greatly
speed ticketing and reservations procedures, while
reducing the chances of error to an absolute mini-
mum, was to go into service early in 1962.

On Jan. 4, 1961, TCA applied an entirely new
fare structure to its domestic routes, reducing fares
on the longer flights, maintaining them on medium-
length routes and increasing them slightly on the
shorter routes.

At the same time it introduced new, low off-

season domestic excursion fares and other attractive
travel incentives, such as increased baggage allow-
ances, which have done much to boost domestic
travel. Coincident with the introduction of the new
domestic fares, TCA converted a number of its
44-passenger first class Viscounts to 54-passenger
economy class aircraft as it continued to follow a
policy of bringing cheaper air travel within reach
of more and more Canadians. On Oct. 13, these
excursion fares were extended for travel to and from
New York and Seattle, Wash.

On May 15, the airline introduced special 17-day
all-year-round excursion rates between Canada and
the islands of the Caribbean, for residents of Canada
and Canadian nationals, up to 35 per cent lower
than regular economy fares.

In conjunction with other Trans-Atlantic carriers,
the Canadian airline introduced new trans-ocean
freight rates on Sept. 1, up to 65 per cent lower than
previously existing rates, giving added impetus to
cargo traffic between Canada and the United King-
dom/continental Europe.

With an-all-turbine fleet, electronic reservations
system, attractive fares and service, TCA expected
to be in a strong competitive position during 1962.

TRANS CARIBBEAN AIRWAYS

The most significant development at Trans Carib-
bean Airways in 1961 was the introduction in the
late fall of the series 50 DC-8 jet powered by turbo-
fan engines.

Prior to the introduction of jet service, the follow-
ing decisions were made and later implemented on
Trans Caribbean’s New York—Puerto Rico—Aruba
route:

Dugl configuration service—deluxe tourist and

thrift—were featured on the fastest jet flights be-

tween New York and Puerto Rico.

}Betweer.) New York and Aruba a combination of

jet service to Puerto Rico and waiting propeller

service from Puerto Rico was in effect to provide
both the fastest flying time anq the lowest fare.

A new, color-matching baggage tag system was

implemented to speed baggage pick-up.
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Additional personnel were hired in all depart-
ments, at all stations to provide “jet-speed” serv-
ice on the ground and in the air for passenger
convenience.
Special training programs were instituted for all
personnel echelons to acquaint each with. the in-
terrelated responsibilities of others.
A new trademark, logo and slogan was adopted
to better reflect the company’s transition to jet
operations. The slogan, the “5th Engine” jetline,
was conceived to describe the four turbo-fan en-
gines that have the speed, comfort and reliability
of five conventional jet engines.

Increased advertising and sales promotional funds

were allocated to support the new jet service.

In 1961, Trans Caribbean held its own on the
New York—Puerto Rico run, a market affected by
the general United States economy, war scares in
the Caribbean and the introduction of jet equip-
ment in thrift service by a strong competitor.

Traffic to and from Aruba increased substantially
and the company expected this route to add impor-
tantly to its revenues in coming years.

Trans Caribbean believed that its introduction of
jet service would expand the market between New
York and Puerto Rico and on to Aruba. This belief
was based upon several factors:

1. The comfort and speed of turbo-fan jet service.

2. A low fare of $8.00 above existing piston plane
fares.

3. Attractively packaged tours.

4. Improved service on the ground and in the
air.

5. Increased advertising and sales promotion
campaigns aimed at separate and distinct
markets.

This formula will be put into play on the nonstop
route between New York and Jamaica should Trans
Caribbean be awarded the operating certificate, ap-
plication for which was pending before the Civil
Aeronautics Board at year-end.

TRANS-TEXAS AIRWAYS

The “Super Starliners” and Convairs of Trans-
Texas Airways in 1961 were operating over 5000
miles of air routes throughout five states—the result
of almost 14 years of growth for the airline which
began operations with two planes serving eight
Texas cities.

The first DC-3’s took to the air on scheduled
flights on October 11, 1947, under the leadership
of the company’'s founder and president, R. E.
McKaughan.

In 1961, the local service airline maintained 40
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resignation of Charles S. Thomas in July 1960,
TWA moved ahead early in 1961 with the consoli-
dation of its new management team.

Charles C. Tillinghast, Jr., who had been vice
president of international operations for the Bendix
Corporation, was elected president and chief execu-
tive officer and a member of the board of directors
in March, assuming his duties April 17.

New directors were named at the 1961 annual
meeting, to constituie a 15-man board composed of
men prominent and experienced in a wide range of
business and public service activities as well as
TWA veterans.

Mr. Breech was elected chairman of the board
at the annual meeting, succeeding Warren Lee Pier-
son, who announced his retirement from that office
but who continued as a member of the board.

Among those elected to the Board was Floyd D.
Hall, a former TWA pilot and operations executive,
who had been made vice president and general
transportation manager in 1959. As of September
I, E. O. Cocke, senior vice president and system
general manager, was advanced to the newly-created
position of senior vice president of Industry Affairs,
and Mr. Hall was named senior vice president and
system general manager to succeed him, and was
also named to the executive committee. J. E.
Frankum, who had been general transportation
manager for the Atlantic Region, was named a vice
president and general transportation manager to
succeed Mr. Hall.

At the same time the Technical Services depart-
ment, was elevated to the status of a division equal
in rank with transportation and sales as one of the
three divisions reporting to the senior vice president
and system general manager.

Programmed by the Transportation Division, new
standards for on-time performance were set and new
records in this field were achieved in 1961. At the
same time, the Technical Services division’s per-
formance in fleet maintenance and overhaul won
government approval for time-between-overhaul ex-
tensions.

In jet on-time performance TWA substantially
outstripped its principal domestic competitors,
especially during the peak travel season in mid-
.1961. I?omestic on-time jet reliability, continually
'mproving through the year, reached new peaks of
up 0 76.8 per cent of all origin departures on time.
Domes