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. • G e n t l e m e n ,  the . -~speaker  tPXS m o ) n i n g  mad I have  b~een a s s o c i a t e d  t o g e t h e r  
• .so ma~.y y e a r s  i n  %~b Ordnance  D e p a r t m e n t  t h a t  t h e  in . t ro : .d .uct ion I c o u l d  g i ~ e  
.~im. would  be  dra~,~g,.and d e t a i l e d  i f  I r e l a t e d  t o  yo.u a l !  :of  h i s  d i s t i n g u i s h e d  
. s e r v i c e  t o  t h e  Ordn'ance Depa r tn - en t  and t o  t h e  Army. C c l o n e !  R i t c h i e  i s  a 

r a r e  9 c n / ~ i n a t i o n  o f  a t a c t i c i a n  "as w e l l  .as a s p e e i a l i s . t  i n  i n d u s t r i a l  m o b i l i -  
zatiop....-. He g r a d u a t e d  f re=~ t h e  ~ . ' ~ l i t a r y  .,~cademy i n  ~9z7 I f i r s t  .knew hin" 

J a t e _ t c . ~  A r s e n a l  i n  shortly after he graduated from the Ordnance School at' '~ ~ 
• 1922. 

.o 

Colonel Ritchie has specialized in ma:ay of the i>~ortant technical 
developments in the Army, such as centrifugal castings and the substitution 
of ~-olybdenN~ for tungsten in alloys. He also spent years in the Cffice of 
the Assistant Secretary of 7~'ar -~orking on industrial mobilization plans, from 

~ n , ~ r a i  ~..arn~s !934 to 1939 as I recall it. At present he has succeeded .... - 
• ~ho i~as the head of the technical division of research and develqpmen.t work 
in the Ordnance Department. ! know of no one on active duty in the Ordnance 
Department better qualified to speak on either subject--technology in ord- 
nance or industrial mobilization in ordnaD.ce and in the broader field of 
industrial mobilizaticr- of the cour.try. 

'.~..re are ~'~e!i a~-are of the fact that ~h~, develop~}ents that Colonel 
Ritchie is v, orking on t0dey are going to modify radically our concepts cf 
industrial mobilization. It is for that purpose th,'_-~t ~:e;have invited Colonel 
Ritch~e .to address the class this morning. ~" ~ .... " "" .~ent~:.en, it is a pr~v:+ege to 
present an old friend, ",horn ~e used• to cal.]. :'Sam" Ritchie, of the Ordnance 
Department. Colonel Ritchie. 

,(,I..¢..,....&. RiTCHIE: 

General Armstrong,' and gentlemen. General Armstrong is very :_:rac~ous in 
his remarks. His sentiments :and mine are n_utua! vd.th respect to his accom- 
plis~n;ents and cur .very sp!endid association tog,<ther for many years in the 
Ordnance Department. 

I feel it _= ver:¢, great privilege tc come back here ~o, my ,,-~,.~"",~ i~iater 
-~nd ..talk to this distingjuished student body on ;i,atters ~..ring on naticna! 
ecar'_.L;:, matters it. ~';hich ~,.;e are all mutually interested. 

i •have been asked to cover some aspects of Ordnar-'e research and develop- 
mer..t. Our program in t~{at field is so broad that it "~.;ouid take hours just 
to r~ad the books li~t$.n~ the projects. Th~refor,~in Chis.p~ricd I can touch 
only on a few of the high lights and trust that you ~,';ill be good enough, if 
yo :~ have questions unanswered, ' ~. .... h time ! " to come later to my office, ,at -b~.~ 
wzJ_;_ Le very hs;py 60 .discuss in ~tall any'of thes6 problems we ~u~w. urderway. 

• I might mention .that some cf the things I would like most to say to you 
are of a classified n~;.ture .-'rod hardly a!-~:r0priate i ~ ;  an or:on m~eting. Some 
of the things I will ~,':-,~ are of ,a ccnfidentia! flhtur~, ar.,d .i tru,st you ~ill 
so regard them. "~ 

-I- 
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The present Ordnance research and development progran is the 
resui% of an exhaustive survey, ~hich began man~,, months ~o~. Z;e are 
continuing to analyze this progra/n to insure that it has no dead ~ood 
and that it will provide our armed forces ~;ith the beet possible Ordnance 
weapons and equiF.~ment no,z; and in the future. It is a comprehensive pro- 
gram prepared in collaboration i,~ith the .~.nny Air Forces, the Army Ground 
Forces, the "~ - " ,, ~=vy, and the Harzne Corps. It has been approved by the VJar 
Department and is in line "~ith the reco~nendations of the Stilwell Board, 
It has been critically examined bv our Scientific Research ,Advisory Council 
:~hich includes such outstanding men as Dr. Kettering of General Voters and 
Dr. Coolidge of General Electric. It has been thoroughly coordinated with 
other agencies to avoid duFlication of effort and expenditures. 

Our plans provide for the most effective use of technical re- 
sources both v,,ithin and outside of the Ordnance Department. The greater 
portion of our funds v Jill be Spent in the .vLagnificent facilities of our 
universities and industrial research organizations. ];e now have some 
thirty odd universities and colleges, more than tz'enty other outstanding 
scientific organizations, and a ver},r large numbc~,r of selected industrial 
concerns engaged in our progr,~m. In other words, our coverage is nation- 
wide thereby tying in v, ish Or.dne~nce the best scientific talent and facil- 
ities in the country, 

The smaller portion of our funds i~ill be alloted to special 
Ordnance functions which cannot ~,,'e!i be perforir~ed b~/ civilian agencies. 
For exmmple, ballistics and research in special Ordnance materials are 
of interest onl~, to ti~e armed forces and, therefore, must be carried 
forw3rd at our o',~n research arid development establishments. These estab- 
lis}'~nents inciuJe our ten Crdnanee laboratories, the two "xperLmental 
proving gr¢.unds--one at Aberde:en, the other at Z'hite Sands, Ns~ ~,,~exico-- 
and special facilities at the seven manufacturing arsenals. Some of our 
most vital and colorful activities are p~,rformed at these laboratories 
and experimental proving grounds which a~'~ essential t," the entire Ord- 
nance progran. Some of these facilities ar~ engaged i-; development and 
testLng of Ordnance m-~zerials, others perform, basic r<~searci~ in the 
Ikmdsmeutal science which und,~rlies Crdn~nc~, such as ballistics and 
metallurgy. 

In brief, our program is a three-part one comprising first, 
continued improvem:~nt of the best of our present standard ",~eapons and 
equipment; second, research "~nd dev<~lop:.~ent of the most:promising ex- 
perimental items ,;J'~ich ~re sc ne~; as to be still subject:to radical 
imprcvement. Such it<<~s include guided missiles, new rockets, bombs, 
fuzes, guns with rates of fire and projectile ve!ocitv far be77ond those 
now standard, new fire control systems embodying r,evolutionar:~,7 improve- 
ments in target detection, loeaticn, and tracking. The third pmrt of 
our program covers fund~r~ental research which will uit£matelv evolve other 
weapons of the future. Far-rcachihg long term projects appear through- 
out our progrmm and, natu~all~T, we shall be alert to change direction and 
scope of these projects as ne'er.leads are opened up by our own scientists 
:or those of any oth<-~r nation. 
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At this point I should like to mention t~'o facilities of gr.eat 
importance in our pro gr~n which are the products of research sponsored.by 
the Ordhance Department, The first looks somewhat like a telephone sw~tch- 
board, but in reality it is the most amazingc~.-p.uticg machine ever built-- 
tge.~!ectron!c i~umerlcal Integrator and .~ora~uter. or, for short, ENIAC, 
It {s'(k~.~ng the foremost acientific achievements of the war. It contains 
18,000 vacutun tubes as compared with &CO in the most complicated radion 
station. It computes the trajectory of an artillery shell in a fe'a, seconds, 
a task ~.'hiCh a hLLman computer using old trial and error methods might net 
finish in a lifetime.. It solves intricate problems a thousand t£.mes f-~ster 
than any machine ever built--problems that are hopelessly beyond the scope 
of other methods. It opens up ne'~; fields of research, not onl'¢ tc the 
Ordnance Department, but to all branches of science and performs computations 

• beyond the capacity o$ the hLLman mind, The ENIAC performed .calculations for 
the Los Alamos project ~^~hich, as you know, dealt ~ith the atom bomb. The 
director of that project wrote that the complexity cf those problems "~ere 
so great that it ~ould have been ~npossible to arriv$- at any solutions .';ithout 
~he ENIAC. But the ENIAC, in spite of its supreme position at the moment 
is not the end. . e have a project under ~ay ~,~ith ,the ~,.bcr~ School, University 
cf Pennsylvania, and .the School of ~dvanc.ed Science at ~rinceton which 
.we "expect will give us a machine one-tenth the weigh t 'of the ENIAC and 
which ~Jill compute %on ti~es as fast. 

Then there is the sup(:rsonic wind tunnel built dUring the 
war at the Ballistics Research Laboratory; at .~berdeen Proving Ground~ 
A picture Of this wind tunnel shows a model bomb suspended in the air- 
stre~ which blows past it faster than the speed of sound. Other experiments 
test artillery projectiles at many ti~ss that speed, Spcciai c-~eras 
photograp}: the shock waves formed by the pr'ojectile~ and'delicate balances 

measure the forces acting upon it~ The suyersonic wind tunnel paid back 
its dollar cost b-~ its first wartime test. It detected and corrected a 
design defect in a certain very large bomb ~,~hich otherwise would have 
been discovered only after mont~.s of experiment and the expenditure cf 
scores of bon~bs, ~d, j~ha t ~s more Lm~:ortant~ possible d~lay in delivery 
of ~these bombs to the theaters. 'The tunnel~s important contributions tc 
the design of high-ve!oci5y rockets, guided missiles, an~ jet propelled 
airpianes have only begun. If it "~'~ere net avai!able~ there would be a 
serious gap in our national security program. These' facilities extend 
to about five times the Velocity of sound or, as the scientists term it, 
to a ~{ach nurJDer of 5. we now have under ccnstruc'tion it the California 
Institute of Technology~ a new hyper-velocity ballistic tunnel ~,~hich -~ill 
hav~ a speed of about ten t~aes the velocity of sound. 

Our progrmTL provides for operating these research facilities 
to full capacity and also for building new scientific equipment as fast 
as it can be developed. Additions this year will include a trans-sonic 
range to study ballistics at critical velocity and-a pressUre chsmber tc 
study behavior..of, bull/ts fired at eno~nous speeds and albitudes~ 

ARTILLERY DEVELOB!ENT . 

The advent of high-speed aircraft, and large ~'~cket propelled 
missiles at the close of ~7orld ~r II offer a new threat for which a 
satisfactory ground defense must be developed. Our antiaircraft equip- 
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ment was effective against planes flying at AOO m.p.h. ~ntiaircraft 
equipment no-~ being developed will be far superior against pl~ues flying 
at over twice this speed. We are developing means of accurately locating 
unseen targets at ranges beyond lO0 miles. The time of flight of projectiles 
from gun. to target: will be reduced by at least one-half. 

.. Regardless of .the performance of individual components in the 
complex ant~a!rcra'ft system, satisfactory resu]ts in combat depend on 
improyed .method.s of linking them together. A description of "Existing 
Equipment,' shows six majQr eomp0nen£~ set up as .they' are used today, 
namely guns, tracker, height finder, director, radar, and 'power plant. 
~These comp6nents Ere now .being integrated intoa I system"similar to that 
set for, th in the foregoing description under a h~a~ling: "Re con~mcnded 
Equipment.,, In this system three major eomponents~the guns, combined r~d~.r, 
director, and power plant--replace the six-used in our present equivment. 
The fourth device is a radar search equipment to loca~ e :the next target to 
b e  e n g a g e d ( .  ~ . . . .  . 

With mobile artillery, t~e essential aim is to r.educe the 
weight by at least one-fourth to facilitate transport by air.o;~aft. Gun 
and carriage accessories such as tracks and skis must be further developed 
to permit polar operation at extremely low te~nperatures. Projectile velo- 
cities of A,O00 feet per second, a 25 to ~ 50 percent incgease over 
present designs, must be attained to insure the destruction: of the 
heaviest armor at longer ranges. ]'~e are developing electronic rfmge 
finders to replace certain optical types now considered inadequate. 
Other electronic instr~nents are under development such as data computers 
and devices for mea.suring muzzle velocities ~Jhich will Substantially 
increase the efficiency of ~rtillery. 

; 

Shortl~ after the Italian invasion there'was a critical appeal 
for h@avy, artillery ~hich was barely met in time to avoid possible dis- 
aster° We must continue to develop large caliber weapons for operations 
against heavily fort.ified defenses. These guns, howitzers, and mortars 
will be ~::obile, yet of sufficient caiibcr to project with pin-point ' 
accurac~z at long ranges, shells whfch ,will penetrate rei.nforced concrete 
and armor plate. ' ; . . . . .  . ' :  • • .  

In the field of fun dahental arti!ier,~.research, them£.st impor- 
tant pr. obl, em is increasing" project i'le velocities', a premising approach 
te high v~locitv guns is the ~ siooth bora .cannon,.ilf'Tring fi:l-stabilized 
projectiles. Exploitatio n Of this ,type'cannon.is E,~'port:~n:t for "rocket 
assisted '' shells. This development should double the ranges of our 
largcst weapons and possi:oiyincrease',ranges[many :times present limits. 

We /re develogi~.n ~ n:ev~ mortars .for t'he infantry v~hich -~ill deliver 
pay loads eight .to t~'entv t~mes .,au of the 60m~, ~, ana e:t three io four 
times the range. ' : 

AIRCP~F,T A~i[~,,:~T .: : : 

?;ith respect .to aircraft weapQns, it is essential• to have 
aircraft cannon, in the •near future %hat Gzn successfully combat' 'aircraft 
with expected speeds c f o.~e thousand miles per hour, increased speeds 

I 
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~-n aircraft necessitate reduction in w@ight of weapons and ~heir 
accessories, together with designs that will greatly lessen their air 
resistance. Additional requirements are greater muzzle velocities and 
rates of fire. Careful consideration is therefore being given to the 
weapons that will meet these requirements. 

The Ordnance De~artment, in cooperation with the Army and Nav~. ~ 
Air Forces, is conducting exhaustive tests at Aberdeen Proving Ground to 
determine the effects of various missiles on modern aircraft structures. 
One thousand war-~eary airplanes, that would otherv~ise be scrapped, are 
being shot up with various U.S. ind foreign weapons. Data obtained from 
these tests will be utilized in the development of aircraft cannon to be 
installed in aircraft Of the future. 

i 

High enem}I speeds and heavier armor of th~ future have made 
it imperative to develop new weapons. The c--~nnon now in process of 
development will feature small silhouettes and light ~eight formerly 
believed impossible to achieve. They will be capable • of firing projectiles 
at the ~nheard-of rate for cannon cf 1500 rounds a minute, firing armor 
piercing and explosive projectiles with velocities double those now avail- 
able. THese Cannon are designed to destro~ any airpline, sink lightly 
armored ships,i and to be employed against ground targets. 

The supply of airborne troops by air is vital to their success 
in battle. For this Purpose we are developing new type containers which 
can be dropped from high altitude and aimed at a deli~ ~Lv point in the 
manner used for dropping bombs, They will fall free tc a predetermined 
altitude, at which height a suitabi6 mechanism will, open a parachute to 
slo~ do~n the container to a safe landing sFeed, " 

TANK AND AUTO~OTIVE EQU!~"ENT 

Our tank and ~utomotive program is designed to m~in~ain our 
superiority in tanks and cther kinds of automotive @qui~ment. 

Consequently, we are designing tanks with .ms~ximub~ armor pro- 
tection and super-velocity guns---tanks that can give and take the hard- 
est blows without sacrificing reiiabilitv cr mobl,it~. These features are 
all combined in 60, 70 and 9e-ton tanks bei~ng~dev~loped. The 7e-ton 
tank will carry a powerful i55-m~n gun in its turrc~t. 

Two of the hea~j self-propelled weapons plaged in operaticn near 
the end of the "~ar were the 8" Gun and the 240-~m u • ~.owltzer. 

i% are no~ planning huge new self-propelled guns, sijch as the 
280-ram ' ~ " n~wltzer motor carriage, to defeat the strongest fortifications. 
TheTJ will combine the utmost in fireoower with ~n ~ "]" . = .~_  O~-~t~ impossibl. ~ for 
older type artillery. 

~{e can visualize -z b.~ttlefield on "~hich crewless tanks maneuver, 
select +iheir targets and fire with. deadlv accuracy. Such ~anks are being 
studied. ]~[en in well fortified positions will drive and fire them remotely 
by television. 
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Flying tanks gliding fro!:- the air to the battlefield can decide 
future combats. Preli::~inary studies for these ta~ks have been made. 

".',e are developing tracked transoort ~n~-- -: ~rime mover equipment 
which is better than wheeled vehicles on battlefield terrain. Formerly, 
different types were needed for cargo and towing purposes. No~i~ a new 
,,6acgo tractor" :;,ill s@gv@ both functions.. 

" " To enable our tanks to strike the enemy tel'ore he can strike 
back 96quires the deve!oo:r.en%, of o~.,o~,-~i°~;~_~_ sights, o~tichl an', radar ranse 

.... ~ ~'~ ~-.,~- the finders, and ~+:~b'lizati~h ...... h ..... :.,~ to keep gan trained on the 
target when the tan]< is traversing robgh ground at high sr, eeds. 

;f, , 

z. . On future "D ~t da~s, .if we must ha~,,o, them~ .tar£<s supported o~- 

• " ' ~""  : ~ o u t  . swi~ing ~evmces ,:~=._ s~.,~arr:: of the :~,ater ~nd crasP]-in!-and. They will 
.... ~ .... r own gower Trom ships far at: sea~: furnish tne~_r ov,.~ 

art.ii!er)- protection~ mechanicalis~ drop .their floats ut~on rea.ching shore, 
=,- 4 ~ ...... ; " ~.E±±± develop new devJ.ces and then execute w:e~r .:,o~l::~l ~,llssions on :l'and. T,;e -'"" 

for our future tanks and ~T-eny other items of special equipment that :/rill 
assu.re satisfactory automotive ooeration under all conditions and in all 

c!inmtes frc,~n the arctic to .... ~:~e tropics. 
~.. " 

~rac~ica].].y al! the, Comnonents ~ the - : - : ~ = ~ -  transmissions, 
power-.dr i ves ": ~ ~ ' ~.,.,~ other Darts that, Lio into an Arm}/ autol<oti}ze vehicle, must 
be develor)ed~, by the Ordnar-ce De0ar+. :':,=~+. , ..... ,.., or under its supervision. This 
is :so because comr.-.ercial. . mrc~ucts are either in-~.deouate, or nonexistent for 

c o m b a t  v~h ~ n - t  ~-,~ 

• . . .  , ~  ~ . ~  N ~ . ~ ,  
. D~ve.~op,;:e.~.~. of more powerful engines are nroceeding . . . . .  cn]ines 

",~-' have tvdce +~,- po.':er of thos:e in .~or!d War II "}~e are a:.so investi- 
, . ° ~ . . • 

qSLln~_~ ~ D ~ I z c a t l o .  ~- o f  t h e  b'a~,~ ~.urbine,  t o  l~e.avv t a n k s .  ~ h t u r e  e n g i n e s ,  a n d  
" ~  " ~ ~ " . ~ "  t . ! i c  . . . .  ~ "  "~  t h a t  w i l l  , :  ~ t a r f i < :  t o  : i~::proved t . - ~ . ~ . S , i l ~ S . , . t O . ~ o  such as ~ r ~ , ~  . . . .  ] . ~  ~ e r ' . , L ,  u 

:: turn in its ovm len--:th, will - -" ',+''~ perfcr-.ar~c ~. r,: ~.,i ~ ~_ .~,:~ ~ tank ..... 

7,% are continuing to rievelop w!ieeled transport, vehicles having 
no cc~:ur;ercia! count<s"oari.s to meet-:,ilit:~ry requirements. To prevent 

duo] icetJ o ~ _  _ ...... of com.,'-.ercial activities t".~ ........ prog~ ~.,. ~ s th~rQ~ig:<.z~" ", coordinated 

.~h the Society of Autcmotiv~ rngineers who nav~-: lon~ .<aintained an Ord- 
nance Advl soryVOor~;it.tee, 

~'b..,U NI T IO;~ DE~SLLOPHENT 

-In. the ficid o~' am~munition we ha.re man} ~ far reachin~ projects. 
Am~v~unition items are very'important because ±,hey o~ive the pay-off at the 

t.ar [>;et. : "  • ... 

T¢,hile a round of a~'mnition m~'y look very sim;ole from the outsi~e 
it i's, in fact~ a high]y icomp!ex corr.bination.of metal parts, high explosives, 
propellants, and fuze po-~rders. 

• ~.mmunition Research and Develop~nt emoraces highly specialized 
applications of many sciences, especiallymetallurgy, chemistry~ physics, 
and electronics. 7/e are now broad~nin<~ our fields of search in order that 
we may produce, not better, but the best. 

• .j,: 
t 
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Bombs, a n d  ' ~  " . . . .  ~ h e l r  f U z e s ,  a r e  d e v e l o p e d  f o r  u s e  b y  t h e  ~ r m ~ ,  N a v y ,  

and ~arine Air Forces. Despite the devastating effectiveness of existing 
bombs, the development of super-high]., s ~ e d ,  high ai~i%ud~_ , ~airplanes !has 
make necessary the complete aerodynamic redesign GT many t.ypes of bombs. 

l 

• . . • . 

The destructiveness of present bombs initiated the retreat under- 
ground of major tactic~l and strategic targets. The threat of atomic power 
will accelerate that retreat. We are developing bombs that will penetrate 
to and destroy such targets, by £mprovements in design and by the use of 
Rocket Propulsion to give added punch. ~e have programs under way on the 
effect of shock waves whic~ may render unsafe installations hundreds of 
feet ~ndergrouhd. ~ ~ 

), ! 

The principle of the shaped charge is also being incorporated 
into bombs, thereby markedly increasing their armor penetration without 
materially reducing their demolition effectiveness. 

. . There is a sectioned projectile which illustrates the shaped 
charge princip!e. Instead of filling all the space with high explosive, 
a part is taken out and a~metal ccne is inserted in the hole~ The entirely 
unexpected result, when the round is detcnate~, is that the force of the 
explosive is concentrated in a jet of high velocity particles directed 
forward against the target. This projectile will penetrate 4 inches of 
armor plate which would be undamaged if we r~moved the si~cially 
designed cone. 

" . The exploitation of this revolutionary principle is in its 
infancy. The program will take in the entire energy :~vectrum for the pur- 

~ p~se:¢f discovering principles other than ~adio that may be used effectively 
in VT fuzes. Particular attention will be made tc acoustic, phctoeiectric, 

• infra-red, magnetic, ~hd e&ectrostaticprinciples. It will certainly 
receive further development in grenades, antitank mines, rcckets~ artillery 
and recoilless gun ~r~uniti~n. 

Pyrotechnics are little known but highly important devices used 
for recognition, signalling and ill~inating purposes. One cf their most 
valuable uses is Pathfinder purposes for guiding large formations cf 
bombers tc their destination and to specific targets. A large variety 
of" types is required to provide the necessary tactical flexibility, 

}listakes in recognition ~nd signa!lLng can be very costly. 

In the field of artillery mmmunition, developments of high 
velocity tungsten carbide core and rocket assisted projectiles are under 
way. The use of tungsten carbide projectiles in the past war increased 
the striking power of our t&nks. : Reports of tanks destroyed by one or 
tworounds were frequent. We have a 76-m~ shot cf this type. The slug, 
the pay-off part, ~ill penetrate 6 inches of armor or 4 t~ues its diameter. 

u The fragments will kill cr disable the tank crew and Often set fire tc 
• the tank ammunition. 

: ~ ~" . - , 

There has ~o.,o~o~ been developed a new and Lmproved small scale model 
which ~vill penetrate 12 times its diameter of plate. This ~development fore- 
shadows the end of the old fight between anncr and projectile. By combining 
super velocity with tungsten carbide cores, it is certain that any possible 
mobile armor encountered in the future can be penetrated by new projectiles 
based on already known principles. 
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The field of Rocket ~ssisted and high velocity fin-stabilized 
missiles is new and unexplored. It is possible by these means to increase 
tremendously th~ range and striking Velocity of such projectiles. We 
propose:to iin~es~tisate tNes:e possibilities thoroughly. 

' British official reports state that Proximity Fuzes saved London 
fromlthe V-I, German Buzz Bomb. This fuze~ a joint development of the 
Army, Nazi and NDRC--is one of the most revolutionary developments of 

World. ;~ar II . . . . .  , 

• In principle, these fuzes combine a tiny]~adio Transmitter and 
Receiver with the necessary safety and explosiv e components. They respond 
to waves reflected from the target and explode the missile at the proper 
places to cause maximum damage. 

It ~as developed in absolute ~screcy,'-and thou,r'h limited irub- 
licity has been permitted, it is still~a.secret weapon. ~xperience has 
proved that Proximity Fuzes increase effectiveness of air bursts on suit- 
"able targets from 5 to 20 times. Field artilLerymen have said "It is the 
answer to an artiller~/man~s prayer," 

To maintain our leadership in Proximity Fuzes, the Ordnance 
Departmen t (in cooperation with the Navy~'.his activated an agressive re- 
search, and development prcgr~. As a.resuit, new types of el~ctronic 

,.. fuzeS--w]]ich make these obsolete--in :cembinztion with new t~es c.f muni- 
• tions may be expected to rcvoluti6nize previous %actical concepts. 

SMALL: AP~:~ 
• , m . • 

~.Ve ere the sole deve~opm6nt agency for all small arms and small 
arms ammunition used by the !and,"sea and air fc, r ces c.f the United States. 
Small arms include, in addition to.items cc.~.only referred to as such, 
the recoilless rifles, small rbckc~ launchers and body armo~. 

: ", '. 

There is no sir~gle individual in our combat forces who is ne, t 
conc@rned with this phase of Ordnance development. In the i4~te war over 
98% of gun armament of army slr~,±~nes was caliber .50 machine guns. ~:" 
chine guns are mounted cn ever iT combat vehicle and practicall~- every, feet 
soldier carries a rifle or carbine or operates a machine: gun. To kee~ 
our place in advance of our potential enemies, development L~.ust continue 
space with prqgress in'science and industry. 

The pay-off in the caliber .60 development is reduced time of 
flight" There is'no weapon in existence in ti~is or any other country 
wh~ci~:,~ill 'deliver ~ projectile to 600 yards in'a compar~b, le t£r~e. ~,.~ 
caliber .60 machine gun is expected to double 'the probability of hitting. 
It is anticipated th:]t the lat@st models of jet propelled airc!anes will 
be armed with this weapon. Completion of the development is ~ssentia! to 
fulfillment of the aircraft progrmm. 

The M2 aircraft caliber .50 machine gun, firing at a rate of 
:800 rounds per minute, ~as officially characterized by the Commanding 
C-~neral of the army Air Forces as "The most outstanding aircraft gun of 
World War II." By the summer of 1945 the Ordnance Department had started 
production of the M3 caliber ,50 firing at a rate0.f 1200 shitS per minute. 
During the course of the present calender year ~e expect to ob:tain a 
cyclic rate of 1500 rpm. ~(~ithin a few years ~ve expect to attain rates 

.. ,. t -8~ '" 
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of at least 5000 ~._H*'~.I 30,000 as an objectivE. 
The mobility of the foot soldier is iLT~ted by the weight of his 

weapons and ~unition. ':!e are no~,.; designing a seven pound reolace- 
meht for the famous nine and .... ~-.~le oound ~ . " ...... - ...... , ~arant. 5 will have all the 
~inci~ and fire power which have been found so necessaLy in combat. 

< ; ~ '  reduction Body armor ~p-,lied to our alto.raft cre',',:s resulted dE: a ~., 
in deaths and .0,o reductioa in wounds. Progress in this field .~nst not 
stop. Body armor to provide protection against radiant ener.:;$r~ as well 
as fragments, must be developed in vie~'~ o£ the application o£ atorr~c cower 
to . . . .  ~" ~al ._are. 

Reduction in weight of s:all arms ammunition b,!- use of aluminum 
cartridge cases can reduce the load of a heavy bomber by as ~mch as one- 
half t on. :% = "ed ~,~ contir: develooment of aluminum cartridge cases is 
essential. 

The ~. and 75re,T: recoilless rifles~ developed and put into ~ "~ ~ - .,, , C ~..n:J,~a u 

toward the close of the recent :,';ar~ ~'ere enthusiasticall;~ received by the 
using troops. For the first time in history the fire power o£ Artillery 
was placed in the hands of the foot soldier. Three German ta.<Es were 
destroyed by the ~l. ot eight rounds fired in combat. Tie are noT,: developing 

repeating and . . . . . . .  ,~uuomaclc mechanism for recoiLle~s ",Teapons and a±so a 
recoilless weabcn to fire jet _ss±stea projectiles. 

In the field of guided missiles we have a potential weapon :.:E:ich ~,~].i 
revoluntionize warfare. Daring '.,'orld Tiar II, as in ?Iorld [:!ar I, tqc Ordnance 
DepartmEnt ~,~as active in the development :,~' rockets but our war efforts 
~'Jere concentrated on producing . relatively short-range roc~[ets for i,T'?ediate 
use in the field and the air. The advent of the ato;T.ic bomb ch~n~ed the 
picttn-e. At once long range, controlled n~ssiles bec~me of extreme impcrtanc, 

These are new tj.~pe weapons on which development. -,~o~" is just ;;~etting. 
a good start in this country; iar;;e expenditures of fund and time wil.], be 
required beZore effective controlled missiles can be perfected. 

The primary aim of the Ordnance progr~n is to produce missiles that 
meet new .v&litary requirements of the atonic -~ge~ but tLe field is so new 
it is essential to place emph~'_sis on fundamental and ~-::-sic research. Our 
step by step progrs,m has been most carefully plarkae<-, not only to orovide 
the necessary basic kno~,;ledge from all fields of scie:~ce and to apply this 
knov;isdge to ~issii~s, but also to conserve personnel and funds and prevent 
unprofitable duplication. 

The free rock-ct d evelopmcnt program cowers ~oc~<.t~ from tLc .~zuo~:~ TM ~ "- to 
the large rocket ~" ~ ~ ~ . . . .  ~rooe_-ec b~mus. The f~c,us Z~zoo~:a P, ocZ[et ~..ve~- the foot 
soldier for the first time a weapon ~;.~ith :,~hich he could combat a ta_~k single- 

-~ ~ ~ . . . . .  I-~ will haw:~ enough :Duns}; to blast holes throu,~h h ~ n ~ , ~ l , 5 ; .  The n e w  . . . .  : , ~ . . , , . ~  _ . .  

thicker tank ~_"~.,,or th~,n i-as yet been used,. It ".,%11 have greater accura%~ to 
hit moving targets and roughly t};ice the former range. 

Pov{erful Set propu].sion units are being designed for the +~rmy Air Forces 
to enable huge aircraft of t}".>~ futurc to take off :,vith much greater pay loads 
from shorter runways. 

.Eo:treme!y high velocity aircraft roc".:ets are being develoced for firing 
from the _,~ stest .olanes still on the drav;ing boards. They ",d.ll be fired 
from the world's first automatic launcher--at ~:mchine gun r-~tes, a single hit 
will destroy the !argcst of bombers. 
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=. d~:l.....~ ~e progress. I ~ the nov.:or controlled missiles field we are making .~.-,4--+ 
":P- are vigorously pursuing a systematic step-by-step procedLu'., and ar.s 
obtaining basic r~~search data in supersonic aerodynam&cs, ne~.'~ :~io, jet 
prcpu!sion~ and control systems ~v~-ich are being applied to a series of 
development missiles. Some of these have already bcen tP.st fired. Others 
are under constmaction. 

In our contract :.~ith California Institute of Technology; a liquid fuel 
rocket v.~as developed which, in its first tests, set a U. S. altitude record 
of 230;000 feetj a height never before attained in the history of man at 
• ~'~hich instrument recordings were made. This rocket is kno'~un as the =[AC 
Corporal. To meet the urgent de,.and for a hig~-altitude meteorological 
rocket to carry instruments into the uneo-.plored ionosphere, =,','e are redesigning 
the :!I'C to attain an altitude of 500;000 feet. 

The Ordnance contract ~lith the General Electric Company is making the 
~uck Rogers m~%h a reality.. ~',phasis is placed on the extremely long range, 
ground to ground controlled missiles. 

These giant rockets ~'~_il.l travel more than five times faster than sound, 
~apao].e of strga~<Ing into SlmCe and then, controlled ~y complicated robot 
"brains;': dive with uncar,~y accuracy on a target thousands of miles a'~,;ay. 

One of the steos in this pro.oct is a scientific research study of the 
2~rman V-2. V-2 firing tests are being made at the Ordnance Department's 

" _ ...... _~co. Captured V-2 oarts ~.'~ere shipped !'~.ite Sands Proving ~rsund ~ ~ :',Te~,: ::~_" 
to this country to assemble sufficient rockets for a hisL:~r.y-makin C prostate- 
one which not only ",'.'ill save muc'~ develc.p:-ent ti~e and money b~, con.+..ributing 
L~oortant infor~tion to rocket d~.~signers, but also ~@hat is ~ossibly more 
important, help to solve the secrets o£ the unexplored upper atmosohe.re. 
By ~l.LOtt_~.~ the warhead space, formerly filled ,,'..~ith ;~;~los~s, for the 
instr~.~ents of scientific i.nstitutions, data on tl~e p:.enomena in th,~ ionos- 
phere will be ~recorded on ground receivers. The uPfl{~own r~gions begins at 
19 ~iies, the .... " " .... ~i ..... -s of ba!loon-born$ instraments the V2's will rise.over 
i00 ~: ~ ~ _,,±~. in our flight t~sts--far beyond the wildest dro&E-[s of yesterday. 
kno:,~_~da~ gained will i nclude temoeratures, pressure;s, currents, bacteria 
and gases above the stratosphere--but the r...ost far-reaching o£ all ~v~ght well 
turn out to bc developments resulting from cosmic ray research, i~. my 
est-~.ation, tnJ.~ project cu ~-Z fiz'ings :is a splendid illu~ration of the 
way research and dev~ ' ~ ~cpmen~ should be hccdled, that is ",,,~here all ..... ~ ,~ . . ~ . ~ L r I c _  ~ S 

concerned participate to the ~nd that the soundest possible program is sot 
up and carried forv.:ard to obtain the ma~i~um useful information. The V-2 

. . . . .  z ' " tnv Army Ground Forces, Army test oro~r--~m is cooperative project zn tibet ' " 
Air Forces~ the i%vy t ~ Signal ~r '~ "and certain cutstan.~in~ scientific 
institutions and representatives Of iz~ortant coilater-~l fields of science 
are participating v, i th the Ordnance Depart~-ent to obtain the greatest return 
to the country ~;it~ the ~ni.~.um " ~ "'* .~ ex~.,en~±~ure of time and funds. 

Another phase of this long ~ ..... . a _.~ng~ v,eaoon progr~n is controlled ~ssile 
for coast defense. A project for a detailed studs: of the problem ";.~as 
~o_~ -~ " ~ ~ ° i :~o~a~izsned last ~un~ :~"~th Radio Corporation of ~,'er~c~ an~ ~:~ill be comolet- 
ed in the near future. TP.~ next steo is to develop the ~ssile--one which 
not only ~,:ill d_~ oct itself for bnndreds of miles to an approaching target 
for P, direct hit, but also Y:ill travel so high and so fast that shipboard 
defense against ~,.t beco;::es practically impossible--P, we'zpon so superior to 
present coast defense :,;e~.:,ons t~ere is no comparison. 
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~e mast expect other nations ".~ill devclc, o :v~ssi!es . . . . . . .  c,:,~.~c of crossing 
oceans, uoun~er,.~e .... re .,~.-~,o are therefore included in our overall program 
Bell Telephone [ ~ ~" ~ is " . _,~oo_ato_~s no,~; engaged in the development of:~an aircraft 
interceptor cA ssile. 

Interceptor r o c k e t °  for use ~g:.Ins~ supersonic ~aided missiles are under 
study by several Ordnance contractors includin~ the General ,-~iectric Company. 

~he• guided m~soll~" -" e has suddenl,~ b~co.,no c.ne of the most i~,oortant, weapons 
today. It takes little stretch of the imagination to envisage a perimeter 
_oc.,~t defense of the United 'States. :.e cannot discount the poss~bl~!ty of 
l~unching from underground sites~ loads of atomic retribution for delivery 
in '~.n hour on an enemy in any part of the globe. 

, . " "W" £ '."e are in a t'_-ansition age of seeed and chomge, mov~n~ s ~..tlT! [ow~,rd 
the clizdnation of time and space, Crdnance research and develoit::~ent is zear- 
ed in full r<,'alization of these conditions. The ob ectiv¢ of th~ ?ies<;arch 
and Development Service is to ob'~olete as rapidly as ?ossible our existing 
weapons by providing still better ones for tl, e future. 

7 ~ t  is the effect of the escaping gasses in the rear of one of those 
recoilless ,~veapons? A~'e they of hi:~h velocity? 

~ h ~ i ] 7  "~ ~0,, ,C.:.. ~'~, RITCHIE: 

They are s~iethin5 that you have tc guard against in an area of some 
4-<. " '-- "T u-~Iru, yards in the r<:ar. It, J.~ dangerous to be in t n . :  in'~cdiate ;"e~r. Ymu 
will get t~rned. 

Have any accidents occurred during,, their use at the front? 

COLC,~]EL ~ '~ ~ ; - ~ ' "  :~I_C,~J . . . . .  

"" at ~h~ I kno-'~ Of. '.,7c thought that perhaps t~:er~. ~.~cuid j , . o n e  t h e  f r o n - ,  ~ ~ '" "~ 

b e  e o n s i d e . w ~ b i ~  o b ' e c t i o n  t o  t b . a t ~  b u t  a p p a r e r t l  y t h e r e  v m s  n o t .  

'.'to also thought there would b~ ob:ection to the flash, which tvould dis- 
close their position. But in the Pacific crca--i hap ocned tc h?.ve the ~;cod 
fortune to be there while thcy v;erc using these wea~-~ons--there v~<,.s no trouble 
about that at a]_l. ~heir liked them very much. 

D "  " 0  Z~ j p .  C E k ' E R A L  ~ :  ~, , )T~ ;Ob..~ : 

. ~  is the effect cn the need for cartr!dgc cases in that type of 
artillery? You have -~ new * ~o ~. ~ • . . . . .  ~ ~ ~ w e a p o n .  Do  y o u  h a v e  .< n e w  t y p e  o f  

c,~t_ld~e c~.se? is that brass or wh~.t ....... "~ i s it ~ 

Those are stce! cases~ punched out. They can be produced very readily. 
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You spoke 0£ a l u ~ : . i n u m  cartridge ca~o. 

r " ~ r  r-~T,T.,"[Tr ] : ) T m I ~ ' [ G T . ' ~ ' , .  

Those were for sm~%~l arms. It is conceivabi~ that they ~Aght also be 
used in larger calibers if and when other m~terials become scarce and in case 
aluminum is not as scarce :~s the others. 

The ~;~'cight element in airplanes, of course, is an C~-cs~dingly important 
one, as we all kno~v.' ~i~ere you can cut off, say, half a ton from one of 
those heavy bon~ers like the B29, that mea'ns a lot to those people. They 
can carry so -:mch more gasoline or so ~:mch m0re arr_oz~ent. Ueight is a very 
i~.tDort ant olenent. 

. T E ~ P J ~ L  A n~:~'TRm~, ': G" 

Are there any questions, gentlemen? 

A S T U D E I [ T :  

Do you t,.~nk:~ ~ it is re~..lly ~. -÷;ise policy to use German scientists and 
give them those !abo~."atories in which to continue their research and possibly 
eventually t . . . . .  ~ it back to Germany or elsewhere? 

COLOh.%I . ,  RITCHIE: 

": Of course, their work here is being conducted under very guarded 
conditions, very carefully controlled conditions, l,~at the ultimate out- 
come will be as to their future disposition I ~r~ not in a position to say 
at this tL~Le. Pat i third: we can 1"est assured that it will not be possible 
for them to take things back to any other country ~'~hich -.'~cuid be detrimental 
to us. 

i thi~/~, ans~,~ering your question another way, it has been very fortunate 
that we mlcceeded in getting these scientists, for reasons v:hich ! "u : -  sure 
you all can imagine; not only to help us, but for other reasons. They have 
been a great help in analyzing and heiolng to fire these V-2's at ~ite Sands. 

C O L G ' , ~ _ ,  - L C : ~ ' ! ~ L . , ~  : 

! have follo:,'md ~':.ith deep interest this very fine talk. I see that the 
" -~  . . . .  ~ t i ~',~ in takin~ ~dvanta ~ of the possibility Crdnanco Department has . . . .  ot . . . .  no ..... ,, • 

of research and dev.clo-~cnt in~edi=tely following the war. i ~,'~ant to ~sk 
this cuestion, because in our research and development activities in the 
O~z~e of the q~uartcrn-astbr t~ncral, ~.hi!e r:e bnve some people to ~u', "~ 
research and development, and ,,.~'~ ~,,~ ..... ze ,~ apparently hay sufficient funds in 

- -  ' ~ - . -~ - _ ~" . . . . . .  ~ i 0 ~ , . :  s~ ~ht to continu~ that for a _ . , . . . i r a , . ,  lon~ ocriod of t = . . ; . e ,  w e  : . z ' e  ~ . ,  being, I 
sight sayj three_toned b~7 personnel cuts and c::~ilings being imposed upon us 
which E~ke it almost impossible for us to do ~ "" ,: "'~ uh,~ 0% . . . . .  think should be done. 
I wonder i£ you would be kind enough to tell us if you are n~;.~:.: ~ ..... 

. ~'~"'~'~ you are doin~ ex~)erience. If so, can you giwe us a few oointers o n  ..~:~.~ 
about it which we m~ght use? 
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COLOFEL .~.T..,~.~T~ . . -'t.L ± 'WFI±.'" : . .  

I happen to be a member of the Secretary's Co~Sttee on Scientific 
. ' ~:~t~. that probicm Personnel. As you orobably knew, we have been struggling "" '~ 

now for several months. All the tcchnical services are faced vdth somev:hat 
si~.&lar conditions, that is, the i~tposition of ceilings, which they keep 
pushing down and down. I assume that Ordnance is l~_vin~. ~ through the same 
difficult times. But we are doing our best to hold on to the best people 
that we can. ]To are ~ #.. g to take on, and h a v e  taken on, others from the 

• outside on our rolls. Ue arc atter<oting to improve the conditions of these 
scientists as fast as }':~. can with the re<~lations and .~imAtations othem, vise 

< 

_ " ; " '  "i -,~ imposed. ~at T thxnk ~:~e are all in tbe same boat, all the tec,,n_c~= services, 
right not,;, because I hapoen to sit in this board .~.~vin= ...... ~~+~~-~,~"~ from 
all the technical services. I havenlt answered your question verjr clearly, 
I know; but I can say we are all having the same troubles, I :~.~ sure. 

"To are ~tbout 55 p<~r cent belov; what we really need right no:::. :Te arc 
facing an additional cut of 15 to 20 ~-.~,,~_ cent. I thought you .~Aght have 
some ideas on the subjcct. 

Nothing exceot to say that we are all living through the same difficultici~ 
You know~ the Secretary recently issued a directive trying to emphasize the 
~,~qoor~:nce of maintaining within the "Tar Department an adequate scientific 
and technical staff and directing that -~" ,.~_± echelons ccncern~.d taxe such steps 
as could be taken to improve the conditions of the scientists and to build 
uo their sta£f within that general directive. 

C~,T r,..T;,7 LO;',IGINO : 

! hope those having the selection of scientific nersonnel v-ill take full 
cognizance of this "~nd see if they can give us some help. 

"~ "~ IT '~ "  : "  :nF~ T ,'~ CO=u,,; ..... L.'tI :. ~I: ! z ,  : 

General Doriot was the member from the Q~artermast r on the board, fie 
is fully a~:are, of course, of "'-"...,~a~ ~ has '"-o~e~ going on i.. that board. 

LLLLJ.';~,L.'~...J XW, L L J . . J . ~ # L ~ . ' I . ~ T :  

. . . .  % , ~ n z ~ ,  I at:- s o r r y  t o  s a y  t h a t  ",':e h a v e  .%o v , . .~ . - -~;  t h i s  - ' _ ' u d i t o r i u m  

f o r  t h e  u s e  c f  a n o t h e r  g r o u p  i n  j u s t  a f c t v  m i n u t e s .  I era: s u r c  t h a t  y o u r  t a ~ %  

.... iCl. IS SO clear and fe.scinatin{f .in its dctai!~ has convinced this c,_ass 
that wc h:~vc to. look toward a very different future .from the <....~o~ ...... t.~.a,.~ ~ ~e 

have knov;n. Certainl.y the Ordnance officer or the artiilerymltn, that i used 
to be, and thzt I thought ~'as fairly modern uo... until recently, is about as 
obsolete as a Civil ~ar artz~erym~m or Ordnance officer. 
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I think, gentlemen, you can readily see how we must direct our thinging 
toward the future, basing it on a ~een, careful analysis of the past. But 
the future is so completely different that you can see why some of these 
guided ~ssiles and other integrating machines of var!cu~ sorts have got to 
be used for developing a new and better thinking on the side in which we are 
concerned in the Industrial College. 

C~sneral Ritchie, I want to tell you that you have reconciled me more 
than ever to .m '-.J retirement at the end of this month. 

COLONEL FuITCHIE : 

Thar~ you very ~ich~ General. It has been a pleasure to come back to 
this College once again &nd discuss these n~tters with you. 

• Just confirming ~:h~± General ~mstrong said, we are certainly in a~u age 
of transition. -:e are in an age of Speed~ where t~ne and space are being 
elir~nated. 7/e are attempting to gear our ordnance procurement into a real- 
ization of those conditions. 

GENERAL A.~CZTRCNG: 

Thank you v e r y  much.  

(3o oct.. 19a6 -- 2oo)L. 
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