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AF MEETS WEAPON PROCUREMENT CHALLENGE 

Per cent 
Installed Spare Spares To 
Engines Engines Installed 

FY $123 $148 121% 1950 Million Mi llion 

FY $400 $175 44% 1955 Million Million 

FY $313 $91 29% 1959 Million Million 
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Punched Cards Simulate Missile 'W ar,' 

Save Mi llions in Operation Studies 
A ph a nto m a e ri a l mi ~sil e wa r is 

be in " c ondu c ted a t a n a irc r a ft a nd 
mi ssi le co mpa ny whi ch i s saving th e 
. - m pa n y huncl red s o f mi ssil es a nd 
~l~e tax payer mill i_ons of do ll a rs .. 

T he fu el fo r th1 s ph a ntom wa r 1 ~ 

-

. .. t c k of pun c hed ca rd s wh1 ch r e p-
d ~ a . . 

1 
. 

I a ll the OtJe ra tJ ons 111 t 1e a 11· rese n . . . . 
d e fe n~e m 1ss d e s g rou nd g u1d a nce 

· . e n t a nd a ll th e perfo rm a nce 
e qu Jpll l h . '1 I I 
I t e ., .·, ~ ti cs o f t e mJSSJ e a nc t 1e ,a ra c - . , 

c . 1·1-c ra ft. W hen the ca rd s a re 
t · r ae t a . 
a "' . t a n elec tron iC da ta process-

fp c! ' n u · I f . · . ·hin e . tl1 e flt g 1t o a m1ss d e 
in" mac d . , . 200 "' I du p li ca te to wJtl lll 
ca n ~e " a c t tJal fl igh t pa th . 
I er t " d 1 · .. s .Jlo ta ,·uet· a 11d , e p ha n tom 1 1 1 ~ ·-- _ o 

fh ·l a u ida nce eq ui pm ent (ca ll ed 
g ro un l ~ z:::-

a wea pon sys tem fli gh t tes t s im~d a 
to r 1 uti lize ma th ema ti cal clupbca
ti ons o f all items th a t ca n a Hect the 
pa th of a miss il e. The thin gs simu
la ted i·nclucl e a ra d a r sys te m. g ro~ ncl 
g uid a nce sy,: tems. ta rge t ac ti ? n, 
wea tl1e r condition s a nd th e m Jss d e. 

P r ima ry j ob of the fli gh t-t_es t 
~ i m u l a t ion progra m is to prov1d e 
much o f t·he '· ffif! ht da ta ' ' necessa ry 
for eng ineeri ng : rudy . 

A ph a nt om miss ile flight tak es 
a Lou t fi ve ti mes a s long a s a r ea l 
mi ss il e fligh t. bu t the a ccuracy o f 
th e re-crea ti on has Leen p roved. 
Th e si111u la ti on is so acc ura te a nd 
precise th a t it i ~ con side red I he 
standard a ua inst whic h a ctu al mis
s il r flig ht;. ~arP ·c·nm pared . 

Weapon System Concept Speeding 

Utilization of Technical Gains 
By Brig. Gen. W. A. Davis 
Deputy for Procurement 

Air Materiel Command, USAF 

A sin gle mode rn wea pon s system 
complex today coul d cost a s much a s 
$10 billi on- ten times as much mon
ey a s the Air Force expended for a ll 
bombers, fi ghters and trans ports pur
chased just ten yea rs a go. 

H owever. the cost of today's sys
tem incl ud es all support from re
c ruitin g and t ra in ing of 
personnel, development and 
production of the wea pon 
to operatin g a ir bases; a nd 
its des t ructive poten tial is 
ma ny tim es gr eat er. A sche
ma tic drawing of a modern 
weapon progra m wou ld r e
semble a n inverted pyra
mid with the on-the-l ine 
weapon itself at the bottom re pre
senting-in the case of an inte rcon
tinenta l ball istic missile-about 20 
per cent of the to ta l cost o f th e pro
gram. 

Jet 'Flies' Without 
Leaving Ground 

The j et engin e of a superson ic 
bombe r is " fl ying hi gh" at an a ir
craft pla nt, be fore it ever leaves th e 
ground . Th e engine is checked at 
various simulated a lti tudes a nd 
mach n umbe rs wh ile i t ac tuall y re
main s a t sta tic sea level. 

Obj ec tive of the tes t, wh ich gen
era lly run s a bout two to four hours, 
is to find a way to measure abso lute 
thru st. 

All eng in e co ndi t ions a re ca re
fu ll y monitored in th e tes t co ntrol 
room durin g tes t run. Various pres
sures a re r e ported th rough g iant 
ma nometers loca ted on both sid es o f 
the contro l roo m. 

Beca use o f th e co ns ta nt roa r o f 
th e jet' eng ine throughou t the te~ t 
pe ri od , pe rsonn el direc tl y conn ec ted 
with th e proj ec t wea r s pec ia l inte r
co m head se ts. 

O th er tests pe r fo rm ed by th e a ir
cra ft· com pa ny a re power pla nt ~Y' 
tem eva lua tions. s ta rtin g c ha rac te r
is ti c' a nd e ngin e perform a nce. T es ts 
a re a !. o mad e to determine th e e f
fec t of je t engine ex ha ust ga s te m
pera tures an d noise on a irpl a ne 
s tru c: ture a nd eq u ipm en t. 

T he essence o f a successful weap
on program is conta ined in a del i
cate ba lance between management 
a nd technology. 

W e are a ll fam ili ar with the 
a s to unding technological advances we 
have made in the past fiv e years. 
T hese advances hold a rich promi se 

for immed iate mi litary ap
pl ications a nd la ter for com
mercia l adapta tion . T heir 
timely application hinges on 
the abi li ty of management 
to t ra nsla te technica l break
throu ghs into i nve nt or y 
hardwa re . 

T echnologica l gain s are 
increasin g at a much more 

rapid ra te tha n management skills; 
his tory has consisten t ly d emon
strated that man's scientific progress 
has cha llenged his abili ty to con trol 
these advances. I n add it ion . mana ge
ment va r ies in complexi ty . and d i f
fi c ul ty in precise proport ion to the 
s ize of an orga n ization. 

Problem Norv Crit ical 

T he A ir F orce has fa ced th is ma n
agement pro ble m for many years, 
but in the las t fe w years its im
portance has become accentuated 
and critica l. Mode rn weapons are so 
infini tely complex that there is no 
sing le compa ny capab le o f produc
ing a comp le te wea pon system in
co rporatin g the frui ts o f p roductive 
researc h and develo pmen t program s. 

O ver th e las t five yea rs. th e Air 
F orce has d eve loped and refi ned 
man ager ia l too ls to dea l with these 
vast a nd co mp lica ted weapons. On e 
o f the most importa n t adv a nce ments 
is th e W ea pon Syq e m In teg ra tion 
Conc~pt. Thi ~ p la n es ta b li shes . by 
A u· l• orce contrac t· a s trong pnm_e 
con t rae to r with the bas ic respon si
b ili ty to desie; n. deve lop. p rodlll:e 
a nd ma nage the tuta l e Hort under 
th e s upe rvision of the Air Fo rce. 

Th e A ir Fo rce d oes not surrender 
a n v o f it ~ res po ns ibili t ies. l n fact, 
tl11 s p la n lea ves the A ir Fo rce lll a n
age rs fr ee to d evote more tim e to th e 
essentia l e le me nt s o f pl a nn ing. 
sched ul in g a nd performa nce eva lua 
ti on ra th e r th a n becomin g enm es hed 

( See f/YEAPON, Page 7 ) 



PILOTS HAVE MADE MORE THAN 2,000 
"FLIGHTS" IN THE SIMULATOR OF THE 
X-1 5 PLANE DESIGNED FOR RESEARCH IN 
HIGH SPEED AND SPACE FLIGHT. 

APPROXIMATELY 600,000 
ANSWERS A MINUTE ON ~ 
FLIGHT PERFORMANCE IS 
POSSIBLE WITH THE AIR
BORNE AND GROUND IN
STRUMENTS USED IN THE 
X-1 5 RESEARCH PROGRAMS. 

'Pl A NES ' 

'59 Aircraft Year Book 

Now Available 
The 1959 Ai rcra ft Yea r .Book. 

which presents an authoritative rec
ord of aviation events during the 
past year, is now off the press. 

An official publica tion of the Air
craft Industri es Association, thi s 
40th edition utilizes the same format 
as last year with a pa ge size of 8 by 
11 inches. 

The book includes a review of in
dividual company accomplishments ; 
an illu trated listing with specifi ca
tion _of aircraft and engines in pro
ductJOn ; a report on missill' activi 
ties; historic and current chronol
ogies; research and development by 
bo t·h civil and milita ry agencie ; 
listing of official record establi hed 
during the year; a rou ndup of In
ternational Geophy. ical Year ac
complishments; report on activities 
of individual airlines ; and a review 
of operational acti vities of the mili
tary services and other Government 
agencies. 

The 486-page book is edited by 
James J. Haggei"ty, Jr. , noted avia
tion writer. It contain more than 
l .000 iJiustrat ions, and is published 
by American Aviation P ubl icat ions, 
Inc., 1001 Vermont Ave., .W., 
Washington 5, D. C. Price is 6.00. 

AIR QUOTE 
"There is no compromise with 

or shortcut to the truth of the 
challenging tasks facing the Air 
Force and industry today. We 
cannot predict or envision our 
way to nati onal survival. We can 
guarantee -thi survival only if we 
put forth the crea tive energy 
neces ary to convert predi ctions 
and visions in to de fense hard
ware. 

" I, for one, am convinced that 
we can meet the challenge. I be
lieve that withi n the range of the 
unli mited men tal and physical 
re ources available to us, we 
have the wherewithal to meet 
and exceed the demands of na
ti onal de fense. The ta k is to 
convert the raw resources in to 
high performing weapon ystems 
and support equ ipment with in 
the fram ework of a reasonable 
do ll ar outlay . I know we can ac
compli h this task. I kn ow also 
that by cooperati ng fully, by us
ing real Air Force indu try we 
will accomplish it. If we want 
the fr ee enterprise system to 
succeed. in ou r present competi 
tive world, we must, as free men, 
look to our laurels and our real 
accomplishments."-Gen. C. S. 
Irvin e, Deputy Chief of Staff , 
Materiel, USAF, ]an. 19, 1959. 

P LANES 
Planes is an official pul9lication of the Aircraft Industries 

Association of America, Inc., the national trade association of the 
designers , developers and manufacturers of aircraft, missiles, space
craft, their propulsion, navigation and guidance systems and other 
aeronautical systems and their components. 

The purpose of Planes is to : ·· 
Foster public understanding of the role of the aviation in- A 
dustry in insuring our national security tl'lro~gh develop- W 
ment and production of advanced weapon systems for our 
military services and allies : 
Foster public understanding of commercial and general avi
ation as prime factors in domestic and international travel 
and trade. 

Publication Office: 610 Shoreham Building, Washington 5, D. C. 
New York Office: 150 East 42nd Street, New York 17, New York. 
los Angeles Office : 7660 Beverly Boulevard, Los Angeles 36, California. 
ALL MATERIAL MAY BE REPRODUCED WITH OR WITHOUT CREDIT 
-MATS OF CHARTS-PRODUCED IN UNITS OF STANDARD NEWS
PAPER COLUMN WIDTHS-ARE AVAILABLE FREE UPON REQUEST 

Editor: Gerald J. McAllister Art Director : James J. Fisher 

The Airport Lag 
The phenomenal growth of air transportation since 1946 has over-

whelmed our present national airport and a irways systems, and the in
troduction of the new high speed turbojet transports is compounding an 
already critical prob lem. 

Edward P ." Curtis, in "his recent report to President Eisenhower on 
aviation facilities planning, squa rely outlines the reasons. " The crisis 
now in the making," he said, " is the result of not so much of too little 
foresight as it is perhaps, in the larger implications, of too much. It is 
a consequence of the phenomenon by means of which the United States 
is becoming more and more an air community. . ... The industrial skills 
devoted to air tech nologies now compr ise the largest single pool of em- A 
ployment in manufacturing. The airplane has become the prime mover w 
of our population in its circulation over distances beyond 200 miles." 

A comprehensive fi ve-year program to modernize our ai rways systems 
is now under way. This year the Federal Aviation Agency will spend 
$175 million· on new equipmen t such as surveillance radars. During the 
next four years, these amounts a re scheduled to be expended: 1960, 
$231.5 million ; 1961, $219.5 million ; 1962, $215 million ; and $185.9 
million in 1963. This program will provide the electronic devices neces
sary to handle a large volume of high-speed air traffi c. 

However, the airport program is lagging. The Airport Operators 
Councj ] estimates that $1 billion for airport development is needed in 
the next four year s to meet these goals : 

Assure that airport capacity will keep pace with the growth of a ir 
transporta ti on. 

Assure that adequate airports will be available to support air trans
. porta tion's contr ibution to the national economy. 

Assure that a irports will be ava ilable for training and logistics of the 
military estqblishment and as standby bases in time of war. 

The Federal Airpo1t Act of 1946 authorized a grant-in-aid progr am 
to assist p ubli c agencies in the development of a nation-wide system of 
airports. Unfortunately, Federal appropriations have been made in 
vary ing amounts annually-no funds one year, very small appropria
ti on in other years. This lack of stability has prevented communities 
from making reli able fin ancial plans. For example, in many cases a 
mu nicipal bond issue may be necessary fo r the community to meet its 
share of airpor t costs. Failure of the Feder al government to meet its 
share, because of a reduced appropriati on , causes the entire p rogram 
collapse. 

The Senate last month passed a bill which would provide $100 million 
per year for each of fo ur years, plus $65 milli on to be immediately 
avai lab le to assure adequate development of airports with especially 
urgent .req ui rements. Action in the House has reduced this amo un t. 

The lag in airport size and facilities can greatly red uce the benefi ts 
available to the traveling p ublic in the civil t urb ine age. We cannot 
a-fford to d i sipate these advantages b y failure to provide proper facilities 

for their operation. 
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GEN . ORVAL R. COOK, (USAF-RET. ) served 
as Deputy Commande r-in
Chie f of the United Stat es 
European Command im
mediate ly prior to his re
tireme nt from the Air 
Force in May 1956. H e 
al so se rved as the Air 
Force's De puty Chief of 
St aff for Mate ri e l, with 
over-all responsib ility fo r 

USAF ind ustria l pl a nning a nd proc ure ment 
matte rs , from J uly 195 1 t o February 1954. 
He became President of t he A ircra ft Indus
trie s Associat ion in J a nua ry 1957. Prior serv
ice in the procure ment and product ion fie ld 
inc luded t he pos iti on of Director of Procure
me nt and Industria l Mo bil izati on Pl a nn ing , 
Deputy C ommanding G e ne ral for O perat ions 
a nd Di rector of Procure me nt and Ind ustria l 
Plan ning , a ll a t the Ai r Mate ri e l C ommand . 
During Wor ld War II he se rved wit h t he Fa r 
East A ir Forces in the South west e rn Pacific. 

By Orval R. Cook 

u s T November, the Soviet Union warmed 
up the cold war with a new ultimatum to 

the United States and its allies in the struggle 
against Communism. 

Stri pped of its diplomatic double-talk, it 
said this: The Western allies must get out of 
Berlin and abando n two million free people to 
Communist rule. 

The attention of the entire world is focused 
on this latest crisis, for it could mean the start 
of another global war, a th reat which has hung 
in precarious balance for more than a decade. 

There is still hope that negotiation can bring 
about a settlement of this latest crisis, but the 
United Sta tes, as leader of the anti-Commu
nist wo rld, ha taken a very firm position: 
There will be no accession t o the Soviet de
mands, because it has been demonstrated all 
too frequently that to give the Soviets an inch 
is to inv ite their taking a yard. 

" 

In this a tmosphere of international trucu
lence, thoughtful citizens of the free world are 
aski11g this questi on : If Berlin generates the 
spark that t ' ns the cold war into a hot one 
how well are we prepared to resist Soviet us~ 
of fo rce ? 

The debate as to our preparedness usually 
center~ . abo ut our own American retaliato.ry 
capabd1ty, the strength of our land sea and 
air forces. Surprisingl y li ttle atten ti~n is paid 
to a~ oth~r force of great im portance in any 
co nflwt 111 Europe, one which include ele
ments of American military strenath but
tressed by the combined power of l4 other 
free nations. This is the North Atlantic Treaty 
Organization. 

NATO, which has survived considerable 
cont-roversy, misunderstand ing and criticism 
to become the keystone of the g lobal m utual 
security programs, celebrate the lOth anni-



ECONOMIC ASSISTANCE FROM THE U.S. 
LAID THE FOUNDATION FOR EUROPE'S RECOVERY 

AS RECOVERY GATHERS MOMENTUM THE NEED FOR ECONOMJ ASSISTANCE DECLINES 

U.S. ECONOMIC 
ASSISTANCE 
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pool of manpower and real estate, an impor
tant plus, because it was ev ident even then 
that we could not hope to match the Soviet 
Union man for man and gun for gun without 
serious effect on our economic recovery. 

A masterpiece of s implicity in comparison 
with other diplomatic documents of its type, 

the trea ty consisted o f a brief preamble and 
14- conc ise a rticles. In ~nly 100 words, the 
preamble set forth th ~ auns of the treaty: 

"The Parties to thi s Treaty reaffirm theit· 
faith in the purposes and principles of th 

U . d T • e 
Cha1·ter of the mte atwns and their de. 
sire to live in peace with a ll peop les and all 
Governments. 

"They are determined to safeguard the free. 
dom, common heritage and civi lization of their (# 
peoples, founded on the principles of democ. 
racy, individual liberty and the rule of law 

" They seek to promote stability and we][: 
beina in the North Atlantic area. 

" " They are reso lved to unite their efforts for 
collective defense and for the preservation of 
peace and security. 

"They therefore agree to this 1orth Atlan. 
tic Treaty." 

The major points covered in the Articles 
were these : 

• The signatory countries would undertake 
to settle any international di spute by peaceful 
means and would refrain from the threat or 
use of force in an y manner inconsistent with 
the purposes of the United Nations. 

• They would seek to eliminate conflict in 
their internati-onal economic policies and en
courage economic collabora tion between any 
or all of them. 

• By self-help and mutual aid , they would 
maintain and develop their capacity to resist 
armed attack. 

versary of its founding on April 4. A pot· 
pourri of varying government interests, dif. 
ferent opinions and international rivalries, it 
is remarkable that NATO ever saw its first 
birthday. It did, however, and it went on 
through the decade of its existence to become 
the powerful deterrent to Soviet aggression it 
is today. It is a monument to the solidarity 
of the Western world ; its success is a tribute 
to the men of 15 nations who have worked 
tirelessly under difficult circumstances to forge 
a weapon of collective resistance to Soviet 
aims in Europe. 

BUILD-UP OF U.S. AND ALLIED STRENGTH 
It was on Apri l 4, 1949, that representatives 

of the member countries met in Washington 
and signed the North Atlantic Treaty. The 
Soviet Union , which in the years since the 
signing has several times indicated its extreme 
di spleasure over the very existence of NATO, 
was primari ly responsible for the signing. 

In the years after World War II , the So
viets had shown clearly by a series of trans
gressions that it planned to pay onl y li p serv
ice to the aim of world peace. In the yea r be
fore the trea ty signing, the USSR had struck 
its coup d'etat at Czechoslovakia and imposed 
its infamous blockade of Berlin , later broken 
by the dramatic air lift. 

These and other Soviet actions had indi
ca ted th at the peace was an unstable one. J n 
additi on, two world wars had demonstrated 
that an attack on an y one of the Western na
tions threatened the securi ty of all of them . 
Twi ce in the first half of thi s century, the At
lanti c Comm unit y co untri es had banded to
gether to resist and fin a ll y overcome agg res
sion . With the signing of the treaty , they 
pooled t heir resources for co llecti ve de fen se 
before the star t of aggression. 

T he treat y req uired maj or po li cy changes 
on the part of some of the signatori es, but 
these we re co mpensa ted by the ad va ntages to 
a ll co nce rned. The " have not" nations would 
be able to draw upon th(; resources of their 

111 orf' fortun a te a lli f'S. To the United States, 
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• An armed attack on any one of the coun
tries would be construed as an attack aga inst 
all of them, and they would resist it in concert. 

Six months after the signing of the treaty, 
President Truman s igned into law the Mutual 
Defense Aid Program, under which the United 
States undertook to furni sh military and fin an
cial aid to free countries requiring it. In the 

& · fiscal1950 program, $1 billion was earmarked 
W for NATO countries. Under this program, 

which later became the Military Assistance 
Program, the NATO countries were furni shed 
with military eq uipment, such as aircraft and 
parts, which they were not in a position to 
build or procure. 

From its humble beginnings, NATO has in 
10 years built up into a solid , if not yet awe
some, military force. In 1949, the combined 
force available in an emergency would hardl y 
have struck terror into an y potential aggressor. 
It consi sted of 12 divisions of ground troops, 
in various stages of training and degrees of 
modernization , and a negligible naval force. 
They were backed by 400-odd aircraft and 15 
airfields. Very few of the units could have 
been called combat-ready. 

Gradually, over the decade, this force was 
so lidified, strengthened and modern ized , 
armed with newer weapons, the proficiency of 
its personnel brought to higher levels. 

Today, the multi-national orga nization rep
resents a very substanti a l deterrent to Soviet 

aggression. 
It consists of 100 ground divisions, 6,000 

&r. aircraft and 160 stra tegica lly loca ted air bases 
• which increase the reta liatory potential of the 

- combined force. The total NATO nava l 
!Otrength has increased eight-fold , and NATO 
is now in process of increasing the number of 
cr round battalions equipped with missiles. It 
is most certainl y a fa ctor for ser ious consider
ation by the Soviets in any deliberations they 
may have about the use of force in Berlin or 

in subsequent crises. 
Concurrently with the military build-up, the 

economic structure of NATO was considerably 
strengthened. During the last decade, the com
bined gross national product of the Organiza
ti on for E uropean Economic Cooperat ion rose 
63 /"o and in certain fi elds progress has been 
even more remarkable. In steel production , 
for instance, the combined output more than 

doubled. 
This military a nd econom ic build-up is of 

pri me importan ce to the wo rld 's freedom. The 
NATO nations hold a la rge hare of the 
world 's in dus trial resources; the lands they 
occup y are of vita l s trategic importa nce; they 
possess the world 's lar?est poo_l of skil_l ed IT~an 
power a nd a substanllal port10n of 1ts sc ien-

tifi c talent. 
These reso urces can not be permitted to fall 

~ un der the cont rol o f Soviet co mmunism, but 
,_ th ere is no questio n that Europe rema ins a 

. · 
1
e tai·c:re t of Soviet agg randi zement. Eu-(Jll n c: . ~~ . • 

J
·s mo re Important to Lh e Un1ted Sta tes ro pe . 

a nd the rest of the free wo rl d toda y th a n 1t 

1
· 11 194-9 1t fo ll ows logica ll y that it is a was · · -

oTeate r pri ze in the eyes of the Reel leade rs, 
hut' 10 years of once rted effort ha ve made it 
a much 111 0 re diffi cult prize to win. 

1\1 A TO toda has two types of forces: the 

"sword" and the 'shi eld." The " sword" in
cludes ground, sea and air forces capable of 
inflicting retaliation in case of large-sca le ag
gression. The " shi eld" forces are those sta
ti oned la rgely in forward areas, equipped to 
dea l with limited actions agai nst any one of 
the NATO countries. Both have nuclea r capa
bility. 

The NATO orga nizati onal structure has 
both a civilian and a military side. 

The topmost group is the .\Torth Atlantic 
Council, composed of representati ves of the 
15 countries. They are the ministers of foreign 
affairs, supported, when council meeting 
agenda di ctates, by ministers of defense, eco
nomics and finan ce. Under the co uncil are a 
number of committees, such as Political Af
fairs, Economics and Finance, Production and 
Logisti cs and Civil Emergency Planning. 

The Military Committee is the top NATO 
defense group. It is composed of top military 
representatives of each country ( usually a 
chief of staff ) with the exception of Iceland , 
which, havi ng no military establishment, is 
represented by a civili an, and Luxembourg, 
which is represented by Belgium. Chairman
ship of thi s committee rotates annually in the 
alphabeti ca l order of the countries. 

Under thi s committee is the Military Repre
sentatives Committee, composed of represen
tati ves of each chief of staff, which handles the 

geog raphical as well as political factors, into 
three Supreme Com mands. 

The European Command is under the Su
preme Alli ed Commander Europe {SACEUR ) 
with headquarters ncar Versailles. This com· 
mand has from the sta rt been headed by an 
American. President Eisenhower was its first 
commander. He was followed by Generals 
Matthew B. Ridgway ( 1952-53), Alfred lVI. 
Gruenther ( 1953-56 ) and La uris No rstad , 
current SACEUR. 

This command embraces the land area ex
tending from the North Cape to lorth Africa 
and from the Atlantic to the eastern border of 
Turkey, excluding the United Kingdom and 
Portugal. It is broken down into four sub ordi
nate com mands : Northern Europe, Central 
Europe, Southern Europe and the Medi
terranean. 

For naval action, there is the Atlantic Ocean 
Command, headquartered at Norfolk. The 
Supreme Commander, or SACLANT, has 
again been American since the command's 
organization. Current SACLANT is Admiral 
] erauld Wright, who succeeded Admiral Lynde 
D. McCormick in 1954. 

The Atlantic Ocean Command extends from 
the orth Pole to the Tropic of Cancer and 
from the coastal waters of North America to 
those of Europe and Africa, except for the 
Eng li sh Channel and the British Isles. It has 
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-SPECIAL ASSISTANCE 

54 

1958 1959 1960 
PROPOSED 

1958 1959 

FISCAL YEARS 

1960 
PROPOSED 

1958 1959 1960 
PROPOSED 

Note: Excludes assistance from the Development Loan Fund 

routine wo rk. 
There i also the N TO Standing Group. 

composed of representati ves of the United 
Kin gdom, France and the U nited States . ] t is 
the executi ve bod y and the working age nc) of 
the Mi litary Co mmittee. 

The stra teg ic area covered hy the No rth At
la nti c Trea ty is d ivided, to Lake acco unt o f 

th ree subordinate com ma nds t11 0 en1bracing 
the Easte rn a nd Weste rn ALi a 1,1ti c and the third 
the Striking Fleet Atl an ti c Command. 

The third major command is the Chan nel 
Co nn nittee and Cha nnel Cu 111 mand. The co m
lllittee is composed o f the 11 aya l ch iefs of the 
l :nited Kin gd\lln. Belg ium , France a nrl the 
i\etherl a nds. The Channel Comma nd cove rs 
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the English Channel and the southern North 
Sea. 

In addition to these major subdi visio ns of 
NATO, there is the Canada-United States Re
gional Planning Group, which develops and 
recommends to the Military Committee plans 
for defense of the North American continent. 
It meets a lterna tely in Washington and Ottawa. 

NATO goes beyo nd the area of mutual se
cur·ity. There is, for instance, a g roup devoted 
to fostering cultural and informational coop
eration , to promote better understand ing 
among the member nations by information 
programs and by cultural exchanges between 
the European and North American partners. 

There is also a joint committee for civil 
emergency planning which coordinates activ
ities of the member co untries in that a rea. 

And, of course, there is economic coopera
tion , not a direct NATO responsibility, but one 
handled primarily •by the Organization for Eu
ropean Economic Cooperation, which includes 
in its membership all the NATO co untries plus 
A ustria, Ireland , Sweden and Switzerland. The 
International Monetary Fund, the Interna
tional Bank for Reconstruction and Develop
ment, the International Financial Company 
and other United Na tions institutes all con
t ribute to the econom ic structure of the West
ern a lli es. 

T o prov ide the member countries with com
plex, modern arms and equipment, there are 
the Mutua l Weapons Development and Weap
ons Production Programs, under which NATO 
co untries are •bringing abo ut closer coop~ra
tion in research, development and productiOn. 

T he strengthening of the NATO group over 
Jer iod of yea rs has been expensive to the 

a 1 b . . f U nited States, ut It IS ar from a one-way 
street. Despite f req uent crit icisms of the ex
tent of o ur aid to E urope, the U.S . has by no 
means borne the burden of the cost. 

From the start of the NATO bui ld-up 

h . uah the end of the ca lendar year 1958, 
t I 0 o "b d . . . 
·h United States contn ute $14.6 b1 lh on 111 
te D · h ·d .1-t ·y ass istance. unng t e same peno . 
mi I at .n> l . . d . NATO allies spent over ·ID 00 bdhon on e-
o ut IYfJ .1 t·l ( ...; has furnished the bulk fense. l'l l l e Je ". 

of the eq uipment needed and provided a good 
part of the trai ning requirement, its Euro
pean a lli es have contributed the vast majority 
of' NATO manpower, including troop pa);, 
clothing, food and housing; they have pro
vided the land and facilities; and they have 
contributed substanti al amo unts of their own 
materiel. They also contribute shares of the 
costs of the weapons development and produc
tion programs. 

This United States expenditure in NATO 
has been a good investment on our par t. We 
have acq uired a second deterrent force in the 
battle aga inst creepi ng Communism and have 
increased the potentia l of our own American 
forces. For instance, the 160 air bases con
structed under the NATO " intrastructure" 
cost sha ring program represent a significant 
asset to our own retaliatory capability. In ad 
dition, there are the intangible benefits, such 
as better understanding and closer knitting of 
the Atlantic Community. 

NATO today is not the end-all. There still 
ex ist, to some exten t, disag reements and con-

fli cts. The forces NATO has assembled are 
not 100% tra ined and eq uipped with the latest 
equipment, nor does their combined strength 
yet match the massive Sov iet war machine in 
E urope. 

NATO has nonetheless come a long way in 
its first decade. There ex ists a so lid foundation 
of mutual respect and understanding among 
the members, a platform upon which to build.) 
further so lidarity. The defense forces have -
g rown man y fold in number, their training 
status has improved in similar scale, and they 
a re fa r bette r equipped than they were 10 
yea rs ago. 

The Soviets do not like NATO, which is 
perhaps the g rea test tribute to its existence. 
To what exten t the collect ive program has de
ten ·ed further agg ress ion in Europe, we can 
onl y conj ecture. But each deg ree of its growth 
reduces the chances of further Soviet thrusts. 
To quote President Eisenhower: " Together 
with our a llies we stand firm wherever the 
probing fin ge r of an aggresso r may point. 
Thus we lessen the risk of aggression." 

SOVIET BLOC CAPABILITY · 

MISSILES 

, SHORT RANGE LONG RANGE 
-~--------~--1--------------------

1 

AIR POWER 

ABOUT 25,000 NON-OPERATIONAL 
OPERATIONAL UNITS UNITS 

-- ARMY ~OLDIER~--~-~ lr k 4--

NAVAL STRENGTH 

• 400 LINE DIVISIONS 

• MORE THAN 62h MILLION ARMY SOLDIERS 

SOME 3,000 COMBATANT VESSELS 
INCLUDING ABOUT 500 SUBMARINES 

NOTE• INCLUDES REO CHINA 

A ir c raft ln rlru trif•.'> A .o;:weial ion u f .'1m e ,.if'tJ , 610 S hon ,lwru Bui ldiug . Jf/ a s hiu g t on .5 , D. C. 
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Weapon Program Uses Skills Available 
in Broad Subcontracting Base 

(Continu ed from Page 1) 
in th e myriad administrative detail s 
connected with weapon system de

A ~ i gn , development and production . 
W In addition , the Air Force has 

establi shed strong internal manage-
ment techniques, supplemented by 
th e prime contractor's organization, 
to perform a surveillance-type con
trol in integratin g the development 
and production of a weapon s system, 
with constant checks on program 
progress. 

There are substanti a l technical ad
vanta ges to thi s system. The proj ect 
involves th e efforts of many skilled 
indu strial firm s associated with the 
prime contractor, r epresentin g the 
best thinkin g and efforts of a large 
number of scientists and engineers. 
For example, over half th e total 
force of more than 5,000 engineers 
directl y a ssociated with a supersonic 
bomber proj ect were employed by 
subsystem contractors. In addition , 
several hundred other engineers 
were workin g in th e plants of minor 
equipm ent manufa cturers. 

1,200 Vend.ors Usecl 

On this pa rticular proj ec t, more 
than 1,200 vendors furni shed raw 
material s, off-th e-shelf equipment 
and other items. Anoth er 2,400 ven
dors provided operatin g supplies, 
special test equipment and faciliti es 
items. Work was spread out to co n-

&tractors in 46 s ta tes of th e Uni on. 
W Small firm s, a s well as la rge sub

contractors. a re given every oppor
tunity to partic ipate in wea pons pro
gram s carri ed out und er thi s sys tem. 
Prime contractors have a require
ment for small business parti cipa
tion, a nd representa tives to facilitate 
their effort s to sec ure subcontractin g 
work . The Air Force in sures that 
small business capability is used. 

Of the total dollars handled by th e 
prime wea pon system contrac tor, as 
mu ch as 70 to 75 per cent is paid to 
oth er firm s. 

The Air Force ca refull y checks its 
prime and first-ti er subcontractors to 
make sure that they do not ex pand 
into specialized fi eld s wh ere th ere 
are exi stin g development and pro
duction ta lents and fa ciliti es. A 
stron rr subcontrac tin g base is stressed 
throu"'ghout. Thi s is particularly im
J;ortant in prov iding early ava il
a bility of th e wea pon at a minimum 
cost. 
Desig11 Teams Formetl 

The Dyna-Soa r program, aimed at 
providing a ma nn ed orbital bomb~r , 
is an exa mpl e of th e tea mwork 111-

du stry is evolvin g to meet unprece
dent ed techni cal dema nd s. Two 
teams of contrac tors, each headed by a: prime airfram ~ manufactu rer, a re 

w;:,orkin £ on design pro posal s now. 
They ; ere form ed volun ta rily a nd 
th eir combined ta lents promi se suc
cess in meetin g the techn ological and 
ma na ge ri al chall enge posed by the 
proj ec t:. 

Ul timate ly one team will be se-
lec ted for th e deve lo pment and pro
duction con t racl. Pa ra ll e l develop
ment and prod uction of weapon sys
tems of s imi la r performa nce and mis
sion ca pa bi liti es can no lon ger be 

afford ed from a cost standpoint. Thi s 
mean s tha t th e prime contractor se
lected for development and produc
tion must mee t hi s target dates or 
the Air Force faces a seriou s gap in 
its weapon inventory. 

Causes Repercussions 

This gap cau ses repercussions all 
alon g the line. It means a recastin g 
of such alli ed programs as base con
struction , recruitin g and trainin g, re
search and development and fund
ing. In fac t, the Weapon System 
Management Conce pt is not only 
directed toward the design, develop
ment and production of a weapon , 
but al so toward internal operations 
of the Air Force. While th e term 
Weapon System Management Con
cept is appropriate for th e develop
ment and production phase, a more 
accurate term for the over-all con
cept would be th e Weapon System 
Integration . 

The partnership between th e Air 
Force and industry today is closer 
than before . Lt. General Clarence 
S. Irvine, Deputy Chief of Staff, Ma
teriel, Headqu arters USAF, sum s it 
up thi s way: 

" Every individual in our industrial 
complex, and every Air Force officer 
and civilian empl oyee wh o is con
cern ed with th e ma teri el program 
has a share in thi s r es ponsibility. 
Actually, this is as it should be. F or 
we all share directly in th e benefit s 
of peace, prosperity. and the world-s 
hi ghest stand ard of living- the in
valuable assets whi ch thi s airpower 
mu st prese rve." 

NAEC Publishes New 
Pictorial Booklet 

U. S . A ircraft , Miss iles and Space
craft , 1959, a comprehensive, pic
torial account of aeronauti c and as
tronautic achi evements durin g 1958, 
is now ava il abl e for di stribution . 

Published by the National Avia
tion Education Council and prepared 
in cooperati on with the Aircraft In
du stri es Associa ti on, the booklet, in 
previous editions kn own as U. S. 
A viation T oday, has been newly 
titl ed to more properl y refl ect th e 
changin g aspects of th e indu stry . 

U. S. A ircraft, M issiles and S pace
craft contain photogra phs and three
view drawin gs of all aircraft and 
heli copters produced in th e United 
S tates durin g the past year, together 
with specifica tions a nd perform ance 
data . 

In additi on, the bookl et conta ins a 
spec ia l cha pter on achi evements in 
the fi eld of space fli ght and record s 
U. S. satellite progress durin g 1% 8. 

An expa nd ed missil e sec ti on de
p ic ts all U. S. mi ssil es in develop
ment. produ ction, or opera tion, with 
specifica tions a nd perform ance data. 

Th e 152-page book let with three
color cover . may be obta ined by writ
in g to th e Na ti ona l Avia ti on Edu ca
ti on Co uncil , 1025 Connecticut Ave
nu e, . W .. Wa shin gton 6. D. C. 
P ri ce i ~ $1.00 per co py. 

MISSILE PROGRAM 

FY 19581 $5,107 Million I 

FY 19591 $7,212 Million 

FY 1960 j. $6,817 Million 

New Jargon Developed 
For Scientific Terms 
Advan ced research by th e aircra ft 

and mi ssil e industry in such fi eld s as 
nuclear energy is developin g new 
concepts of measurement co mplete 
with new jargon. 

For exampl e, the estimated weight 
of an electron i one-thirti eth bil
lion, billi on, billi on billionth s of an 
ounce. 

A " jiffy" is th e time required for 
li ght (goin g at th e speed of 186.000 
mil es a second ) to travel one centi
meter. 

A " barn ," ' whi ch is an a rea used 
to measure a tom ac ti on. is th e part 
of a squ are centimeter tha t would 
he ex pressed by th e fr acti on l over 
1 foJ lowed by 24 zeros. 

A "shed·· is one- milli onth of a 
··barn. " 

Flame Method Cuts 
Machining Time 
A new fl ame cuttin g process de

veloped b y an aircraft company re
duces machinin g time for j et plane 
windshield fittin gs from nine hours 
to 44 minutes per unit. 

A windshi eld fittin g starts out as 
a solid block of metal. Half-way 
mark in the prodt! ction of a fittin g 
is r eached when the solid block is 
shaped to a rou gh approximation of 
t~1 e pa rt. Formerly, a number of 
Lim e-consumin g steps were necessary 
to re_ach thi s rougp contour stage. 

With th e new process, the solid 
block of metal is preheated to about 
700 degrees to avoid edge crackin g. 
It then is subjected to a j et of 
oxygen-acetylene flame, which carves 
the metal cleanly and rapidly. Un
wanted metal simply drops away. 

Once a cutting operation is com
pleted, the metal is given furth er 
heat treatment to prevent surface 
hard enin g or crackin g during cool
in g at room temp erature. T ests show 
the entire process is some 20 times 
fa ster than the form er method . 

Preliminary analysis indicates 
that more than 3,000 man-hours will 
be saved in th e costs of the wind
shi eld fittin gs c urr e ntly pro
gramm ed. 

Future appli cation of the flam e 
cuttin g process co uld include multi
ple cuttin g head s, which means 
more compl ex parts could be proc
essed at hi gher speeds. 

Tiny Strain Gage Plays 
Key Testing Role 

A tiny sensitive device known as 
a strain gage is playin g an increas
in gly important role in the produc
ti on of structurally so und aircraft 
and mi ssiles. The instrument meas
sm es th e strain whi ch structural 
areas of an aircraft or missile are 
subj ~c ted to durin g testin g. 

With th e advent of hiah-speed 
aircraft and mi ssil e ventu~es into 
out_er space, strain ga ges are bein g 
reli ed on more and more for meas
urin ? stra in in complex s tructures 
a t hi gh temperatures. 

Simple . in construction , a strain 
g~ge basicall y consists of several 
w~res . H eart of the device is a tiny 
wne, o~e-half th e thi ckn ess of a hu
man han. 
~h e gages are a tt ached to the ma

ten al or structural area to be tested 
and c~nn ec ted to elec trical in stru
ment a ti on. U nd er pressure. or load, 
th e structure in qu estion ien" th ens 
or_ short ens, c_a usin g a duplicare, bu t 
mmut ~ . reactiOn in th e wi re. 

_R_es tstance of the wire to the elec
tri city_ vari es with th e change in 
th e d11m· nsions of th e wire. Meas
~Ire ~J ent s of the r esistance changes 
mdi cat e th e extent of the load on 
th e tes t ~ truc ture and provide in
forma tion as to it s tructural in 
tegritv. 
On~ a ircra ft and mi ssil e company 

has thu fa r used 12,000 of the gages 
in proo f and fli ght te tin g of it s new 
je t a irliners. 
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New Laboratory Groups Are Formed 
To Handle Space Age Research 

Space Age research has bee? !n
ten s ified by an aircraft and m1 ssiie 
company which recently formed 
four s pecific laboratory g1:oups to 
inves ti gate problems that will a ffec t 
satellites and missil es of the future. 

The solid state physics g roup is 
inve s t iu atinu e lectrohydrodynamic 
shocks ,; hi ch "wou ld affect motion of 
sa tellites in outer space. 

The nucl ear physics group is en· 
gaged in bas ic research work using 
an atomic linear accelerator. Medi
um en e rgy ne utrons are gene rated 
to verify calculations o f what makes 
s tars burn. 

S hock physics research and air 
ba lli s ti c studi es are being se t up in 
a third group. 

In shock tube experiments , ionized 
gas is driven through the sh ock tube 
at ex tre me press ure to s imulate 
shock waves up to Mach 20 (over 
15.000 mph ) with r esultin g high 
te mpera tures ( in the 20,000-degree 
F . range). Spectographs are used 
to r ecord dens ity of shocks through 

Industry Facing Stiff 
Precision Requirements 

Measurement acc uracy o f a tenth 
o f a milli on th of a n inch within the 
nex t 10 years was predicted recent
ly by an aircraft and missil e indu s
try exec utive. 

Th e offi c ia l pointed out that som e 
pl a nts today are ma nufac turin g 
g rindin g, honin g and other machine 
tools and m easurin g eq uipment for 
vo lum e produc tion o f prec ision par ts 
to an accuracy of plu s or minus five 
mill ionths o f an inch (s ix d ecimal 
places), a nd the aircraft and mi s
s il e industry ha s r equirements for 
seventh-d ecimal-place accuracy now. 

Proj ec ted piloted plane s peeds of 
m ore than 4500 mil es an hour and 
mi ssil e altitudes of up to 240,000 
mi les with speeds of m ore than 
24,000 miles a n hour present in c redi
ble precis ion r equirem ents in mak
in g s uch pa rts a s gyros, control sys
te m s, power linkages a nd var ious 
sen s in g devices, h e sa id. 

OJHi ca l windo ws se t at inte r val s 
a long the tube. 

Work has begun on a n ae ro hal
lis ti e ran ge and .30-cal. g un to 
laun ch pro j ec tiles at Mach 15 in 
a contro lled atmosphe re to deter
mine wake and sh ock patterns of 
hyperso ni c objects. 

Work is a lso und er way on mo
lecular bea m experiments. Shock 
front conditions which would form 
at r e-entry of satellites into th e 
ea rth 's atmosph ere may possibl y be 
s imulated in the mol ecular beam by 
means of inte rsec tin g beams of 
atom s and e lec trons. 

A ll eq uipment has been designed 
by company scientis ts a nd built to 
their specification s. Of particular 
value is an elec tron microscope re
cently acquired by th e physics sec
tion which magnifi es obj ects by 
more than one million tim es. 

Gadget Reduces Time in 
Computor Operation 
Two ene rge ti c aircraft indus try 

technician s have come up with a 
timesavin g gadge t which eliminates 
much o f the m a nu al operation in 
th e company's a na log compute r l ab
oratory. 

Known as an automatic run se
quence unit, it is a ttached to the 
computer 's r ecorder. The new d e
vice eases the task o f en gin eer s op
e ratin g the two se parate compute rs 
linked into one g iant " brain ." 

Through automatic tim er contro ls . 
a n op era tor can s tation him self by 
th e record er visually ch eckin g tes t 
r es ult s produced by the m achin e in 
g raph fo rm. H e ca n also ignore a 
problem inserted during the up to 
15 minute problem run to busy him
self with other work . 

Formerly the j ob was a manual 
on e r equirin g an op e rator to move 
be tween two button fill ed pan els 
halfway across th e room , m a nually 
punchin g th e ri ght one at th e right 
tim e. Now th e new control unit does 
thi s a t di c tation o f th e pre-se t tim ers. 

-
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LOCAL SERVICE 
America's 13 local service airlines have progressed swiftly in 
the last ten years, more than doubling the number of cities 

· · - - --served- while--the- number of passengers-carried ·lros- increased· 
1 0 times. Number of planes in service has increased about 
four times. Local carriers today provide the only scheduled 
airline service available to 283 U. S. cities, and link smaller 
cities with main air traffic centers. New transport aircraft now 
available will further increase the service these carriers pro· 
vide the traveling public. 

' PLANES ' 

Electro .. Hydraulic System Speeds 
Production of Precision Parts 

coni cal. tubular, venturi and para-·

1 

bolic conf1 g uration s with thin . heavy 
A n e lec tro-hydra ulic control sys

tem, built by an a irc raft and mi s
s il e company, m a kes p ossible for 
the firs t time the a pplicati on of au
tomati on techniqu es in producin g 
s uch precis ion item s a s mi ssil e nose 
co nes, j e t and rocke t eng ine parts . 

Th e sys tem , a 360-degree auto
matic elec tro-hydraulic tracer , is 
used on a 425,000-pound roll-fo rm
in g machine which can produce 
components from a one-inc h thick 
piece o f s tainl ess s teel a s large a s 
f1ve fee t in diam eter by fiv e fee t 
long . 

The machine, known as th e "Spin
forge." can aut oma tica ll y produce 
such mec ha ni ca ll y-s pun secti ons a s 

o r tape red sect ional thi ckn esses. 
The "Spinfor ge" machine ca n 

produce in minutes prec ision parts 
co mpon ent s whi ch previously r e· 
quired as much as a full day to a s
se mble manually. 

In the ro ll-formin g of eng ine. air
c raft and mi ss ile components, the 
"Spinforge" machine is able to ap
pl y 225,000 p ounds of force on each 
o f two ro.ll s, whi ch is consid ered 
suffic ient for all me tal s presently 
used. The control sys tem is de
s igned to produce pa rts to within 
plus or minu s .003 inch of specifi ca
tion s. 

Thi s is accomp li shed through th e 
hi ghl y so phi s ti cated automatic trac
in g contro l sys te m. Th e part i ~ 
dupli ca ted through a process of 
trac in g the oute r s urface contour 
o f a pe rfec t workin g mode l (a c ross 
sec t ion ) kn ow n as a templ ate. 

Th e pi ece of metal to be roll
fo rmed on th e machin e is p laced on 
a rotatin g tabl e which support s a 
ma ndre l (a s teel ca s ting weighin g as 
mu ch as 40.000 pound s th a t 1s use_d 
a s a co re around whic h th e me ta l I S 

m olded). A 
Th e ope ra to r th e n pu sh e~ a l~ ui·'W'I 

ion on th e cco1Hro l con so le to brm g 

APT SYSTEM-A techn ique simihu· to the JHI(IC I' 1'011 
. . JJiaye•· piano has been adapted, g •·eatly •·efined, 
I II .t " ld d f and a "]anguagc a£. e. , o r the n~achining of coin~ 

I a. 1•1·c·•·aft and m1SS1le parts wh1 ch offer s sa vinas 
(J e x "' 
in ski lled manbou •·s of 80 to 95 p e•·cen l. T h e n ew 

calle d APT (Automa tica ll y Proarammed 
Sl'Ste m, - . . d d ' . "' T I) uses a !ugh spec •g1tal compute•· to ca lc ul a te 

00 
' ~ri<-al data necessa1·y lo program Ute mot ions 

the nu»~•· II d · h' · , . · .. ll v cont•·o e lilac lite too l tnakcs 111 cu l-
.1 uumuHa . f . ,. 
· I I!J!Oll~'nt s or 1111'Cra . t and missiles 
· md·r ~" 111 "1 1 • ung ' I "' till' " a ssac 1use11s Institut e of 

APT wa " rlen·lnper . 

Technolo ay unde r· an Air F01·ce co nt•·ac l with th e co
OJJCI'ation"' o f m e mber co mpanies of th e Ai1·cra ft ln
dus tJ·ies Association. F i,,e of th e officia ls •·es pnnsiblc 
for th e de ,•e lopment of th e APT SYSTEM are, fro m 
le ft to •·ig ht ; Dr. G. E. Brown, Head , E lectrica l 
E ng in eering Depa•·tme nt , M IT ; !Vh. C. 13. P en y, 
Douglas Aircraft Co mpany (Long Bench , CalifoJ·· 
nia); Lt. (;en. Clare nc-e S. ln•in e, De JHtty Chi ef o f 
Staff, Ma teriel , USAF; Dr·. F .·a nk Renlj es, Dit·ec tor, 
Se1·vo-m eclra nisms LaboraiOI')', MIT; and l\'lr. J. A. 
1\'Iau d ce, "~ur rl inalor of th e APT S~· s tem for AlA. 

th e trac in g s ty lu s int o pos ition on 
th e te mplate. At thi s point. th e au
toma ti c coni ro l ~y~ l em takes ov:r 
to produre th e pa ri a t a ra te of SIX 

inc hes pe r minut e or less. 

H eart ,f th e co ntro l syste m i_s a n 
e lectroni c " brain " th at· has a bwll -ln 
" inte lli ge nc e" ena blin g it IO int e r
pre! s ig na ls from th e e lec tro-mag
ne ti c s ty lu s hea d lo r;u ntinu ously 
adju s t ro ll e r ~ p eed a nd a ng le . 


