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Tonight's guest speaker asked me not to go through the '212V en p:3.ges of


b iography I had started to accunulate on him
1


but for a man like myself who


is in the aircraft business and who enjoys it, he is one of the pillars of


the aviation canmunity arrl has been for a good many years·and when I was 
I 


reflecting on mw one might introduce him, inasmuch as I am fran California, 


I thought, hey, if I really wanted to do a great film on sanebody, like this 


is your kind of a life, I would pick this man. SJ, if we lo oked at him fran 


the standpoint of a producer/director trying to set up the bas ic broad 


outline of a script, you would look down and you would write the script this 


way. Well, you could put him fran a small town in West Virginia; humble 


birth, average American ••••• I'm hurrying, I'm hurrying .•• enlisted in the 


U.S. Army in 1941 as a private arrl that was the day when we had the sergeant 


pilots in the Army and we had chief petty officer pilots in the Navy. He 


r of:12 fran that to a pilot officer, canmissioned officer in World War II. He 


was shot down over France and escaped back to England and four months later 


arxi .•••• I'm cutting this down, Chuck ..•• I think he ran a lot, I'm not sure. 


He was '2!2lected for experimental fli ght test training at Wright Field in 


1945, selected as a test pilot for the nation's first rocket aircraft, the 


Bell X-1, and he was the first man to break the speed of sound on 02tober 


14, 1947, arxi the first man to fly at more than twice tre speED. of soun::i on 


December 12, 1953. He graduated fran the Air War College in 1961; became 


the canmandant of the Aerospace Research Pilot School in 1961 where all the 


U.S. astronauts were trained; he flew 127 missions in the Vi etnam war; he 


was sent mer to Korea during the Pueblo crisis in charge of the F-4 wir:g 


that went over in support; served a third term of duty in Germany in 1969 as 


a vice canmander of the 17th Air Force an::i is a plethora of other ex:citir:g 


things very seriously that he has done. I will list about one p:3.ge only 


very quickly of the awards he has received: Distinguished Service Medal, 
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Silver Star with Oak Leaf Cluster, Legion of Merit, Distinguished Flying 


Cross with Oak Leaf O.usters, Bronze Star Medal with the V De.rice, Air 


Medal with ten Oak Leaf Clusters, and I'm getting dry mout h, Air Force 


Ccrnmendation Medal, Purple Heart, Distinguished Unit Citation, Air Force 


Outstandin g Unit Award, the MacKay Trophy of 1940 and for tmse of you \J1o 


J really follow aviation, Collier Trophy in 48 am- an:::i a Harmon Trophy in 54. 


He oolds an mno rary fuctor of Science degree fran West Virginia and 


honorary Doctor of Science degree fran Marshall University of Huntington , 


West Virgin ia, so for a man who is uncanmonly uncanmon he is perhaps the 


most famous for being a sincerely humble man an:::i it is my pleasure this 


evenin g to intrcxiuce General, Brigadier General
1 


Charles Yeager. 


Thank you very much, Bob. I don't know if you all n oticed ••• I went out to 


the men's ro om because I got a four mur speech and no one else went. 


That's tough. I was extremely happy when B ob called me an:::i asked me would I 


come down and talk to a bunch of people associated with airplanes. You 


know, you all are in a special job when you work for Lockheed an:::i Boeir:g and 


J Douglas, McDon� Douglas, now, because al too ugh I knew a lot of your test 


pilots
1 


I ne.rer did get the pleasure of world.ng with people like you in big 


airplanes be cause if an airplane has more than one engine I couldn't fly it1


much less understand it. I got to sit in on one of your sessions this 


afternoon on 8,000 lb hydraulic systems and still I don't know W1at he was 


talking about but I suppose it's all right. 


I would like to take you back a little bit tonight, back probably when 
c... . ( 


George Moore was propping �--es instead of trying to fix inflight mOJ ie 


projectors on a 1011. You know, actually, after 34 years in the Air Force, 







,· 
the majority of it in research f1ying, my name has becane synonymous with 


test work but I would like to sh:>w you row ridiculous sane of the thir:gs 


were that we got associated back in the early days of test flying ... it 


really wasn't flying. In World War II I went Oler to Englam in NO/ember 43 


with the Mustang outfit that was fl. ying out of England against the Germans 


an:::i in tre spring of '44, before I got shot down, we were called upon to 


evaluate a new G-suit. In the early days of the war when we got in 


dog-fights with 109s and 190s, of course, you could pull a lot of Gs in a 


P-51 if you were diving and up to 400 - 450 miles an h:)ur you could hold as 


much as 6 Gs for a few Se8oms before the drag slow'S your airplane down, am­


roost--1ft-l-ots ,_.pr-etty baset-i-ne-average--fe-r-the--amount-of-•-Gs-you-can-pull , ~ost 
.:-


pilots normally can sit there with 4 Gs or four times the pull of gravity 


and be on the verge of blacking out ... you lose a little bit of your 


peripheral vision but nonnally at four Gs you can still fly your airplane 


and track another guy and sooot at him; but if' you go beyom 4 Gs of course 


your peripheral vision closes in am they call that blackout. You can't see 


anything because primarily, not for you ex J:Brt pilots but for primarily the 


wanen in here ro they will understand what I am talkir:g about, basically 


what happens when you pull more than 4 Gs the blocd vessels in the legs and 


the lower extremities of your body ... they will exJE,m am the blood will 


drain away fran your heart and it will quit pumping it up to your head bone 


and you don't get the blood to your brain to keep you really alert. &J, if 


\/ you pull more than 'fs.r course, less bloo:l gets up to your brain and you 


can't see. If you hold it much longer, of course, you becane unconscious 


and if you become unconscious you relax and let off on the Gs and the blood 


pumps back up and you cane bcek to. In 1944 the Air Force ha:i been doing a 


lot of research on ;futi-G suits,or suits to wear to give pilots a greater G 


tolerance am they brought two types of suits Oler to Englam in the spring 
I 







' of '44 and asked us who were in the Mustangs to wear them ,aoo the first suit 


they brought to us was a Canadian suit ... it was basoo on the water principle 


and the theory was they could emerge you in water up to your reart then when 


you pull Gs water having tre same specific gravity as blocxi, of courre, 


would tend to mld and compress the blocxi vessels and hold the bloa:i up to 


your heart and you could pull 5 Gs, 5 1/2 or 6 Gs without blacld.ng out. 


Well, the suit was very much like a i:air of chest waders only with dual wall 


/ 
J t,)V 


and you put it on 01er your under~ arrl put your flying suit on 01er it 


and then your jacket and then went out and got into your i:arachute and sat 


down in the cockpit of your P-51. You had a filler nipple on tre top of 


this right under your chin and the crew chief would bring this five gallon 


bag of water out and would screw it in to tre top of tre filler nipple just 


under your chin and hold it up and all this water would gurgle down around 


you into the double wall suit. Gt-'!ee Le g-0t;, r you had a gocxi crew chief he 


would bring warm water. If he didn' t like you he would bring cold water. 


Once you got all this water down around you theoretically you were suppose:i 


to take off and go off and get into canbat and you could pull a lot. more Gs 


than the German pilots so you could e, ade them more, you could follow them 


through violent maneuvers and shoot them down. fut the fabric that we rad 


in those days back in '44 being a nylon fabric, rubberizoo, wasn't very 


gocx:i and it stretched and in about a ralf an mur, in fact about the time we 
/1:-'P C~ 


got across the Channel arrl broke larrl in Englan:::i arrl Hollarrl all this fabric 


rad stretched and all this water would drain down around your legs and e,ery 


time you would push a rudder there would be this big slosh, slosh. But the 


funny thing about it, we came back and you would lift yourself out of the 


cockpit onto the wing arrl they had a valve on the bot tan of the right leg 


and you would open that valve and get a stream of water going, you'd open 


the valve on the bottan of the left leg arxi get another stream of water 







going and you would have been up about rev en or eight murs in your Mustang 


and havirg drunk coffee early in the mornirg an:i no way to get rid of it you 


would sort of relieve yourself .... I think that's v.here the reputation of the 


American fighter pilot in England was enhanced with three streams of water 


flying across the wing. That really 'Wasn I t test work but that was my first 


taste of evaltE.tion. Aloo, in World War II, we got our first ecposure to 


ccrnpressibility and in dog fights we nonnally flew somewhere between 


35-37, 000 feet when we were escorting the bcrnbers in order to have a 


tactical advantage 01er the Germans who were caning up. That's v.here we 


were exposed to our first canpressibility - when we get in a d~fight or go 


into a high speed dive and get up to 80% of the speed of round, the shock 


waves that are formed on the very thick wirgs on the P-51 an:i behirrl these 


shock waves would be turbulent air and you get into a lot of buffeting and a 


lot of feedback on your controls an:i although we didn't know what was 


causing it that was our first asoociation with the effects of the speed of 


sourrl on an airplane. I came hane in February '45 arrl went into Wright 
-7; [" 


Field, not as a test pilot but as a maintenance officer in -a· fighter test 


section and was given the opJX)rtunity in tre sprirg of 146 to go through the 


Test Pilot Schoo~ which I did, and started working on test i:r~rams. I 


spent many many days down at Burbank flying tre first P80s when we ran the 
11t',-..,,, 


n?t rervice test on the first Balla:s ane J33 ergines that the P80s were 


equipped with.~ Arrl then when the X-1 came out in tre summer of '47 


when the Air Force took it 01er, I was assigned. fut to go back a little 


bit, fortunately there were enough people in NACA, tre irrlustry arrl the Air 


Force who knew the problems that airplanes were faced with v.hen they got 
1 Ji I 5 


into regionf. We fourrl that the XS-1 was designe:i in 1943 arrl the contract 


was let with Bell Aircraft CanJEny to build the X-1. Now Bell had to do a 


awful lot of guesswork arrl research in caning up with the design for the X-1 
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itrelf. Now in those days, in '43 we didn't have jet engines that would 


drive the X-1 into tre speeds we were intereste::i in ev al 1..atir:g the airplane 


or in the region of the speed of roood so the X-1 was equipped with a liquid 


rocket engine an:i the rocket engine, naturally beir:g built by the Navy, 
f/tc,JI 


never did quite get built on time to be put in the 1X-~ but the first X-1 was 


canplete::i in tre spring of '46 an:i Bell Aircraft, without the rocket engine, 


took it to Pine Castle, Florida, and since it was designed to rave only two 


an:i a half minutes of power, it was designe::i to be dropped fran a B-29 arxl. 


since they didn't have the rocket engine available they did a lot of glide 
W"" I a~,r;, 


flights arxl. a pilot by the name of Jack Wt:ilman~ did tre first six flights on 


the X-1 being launched fran the belly of the B-29 and normally, he would 


have gone on through the canplete program but he got killed in tre sprir:g of 


'46 at the Cleveland Air Races in a P-39. He and Tex: Johnson were flying it 


and sane of you Boeing guys knew Tee very well. Jack got clobbere::i arxl. then 
{;c,e,d. ( l k 1 


Bell assigned their nect test pilot, Slick ~n, to the X-1 program, vtio 


made 20 powered flights on the X-1 - took it up to .8 mach number and 40,000 


feet and Tex Johnson made one powere::i flight on the X-1 himrelf. Arxl. then 


Slick was negotiatir:g because, up until this time, no blue-suiter or Army 


Air Corps type rad done any research flying whatsoever. All research flying 


was done by contractor pilots who worked with the contractors arxl. Slick had 


a contract with Bell to canplete Phase I on the X-1 to take it up to.8 mach 


number and 40,000 feet and 20 powered flights to sort of ma~rate it. Arxl. 
h PO lJ ~' ," -•• 


then his ;h;se I.Jhe,,collected about 50,000lbonus on his Phase I1 and Phase 


II called him to take the airplane up to 1. 1 an:i he was negotiating with 


Bell and dragging his feet a little bit because re had a contract for ~l. "· ,­


$150 ,000 arxl. he wanted it paid orer a five year pericd. Incane tax 


problems, obviously. He was delaying the program a little bit and in the 


sprir:g of '47 the Air Force mor e::i in an:i took orer the X-1 program because 







• 
they were a little bit disturbed about the delay in the i:rcgram itself. 


When the Air Force took it aver there were probably about 25 of us pilots in 


the fighter test section at Wright Field who were qLBlified to fly the 


airplane and we ended up)Colonel Boyd picked me as the primary pilot. I was 


a captain at the time and 24 years old and had quite a bit of flying under 


my belt and my backup pilot was Lt Bob Hoo.rer whan a lot of you know. We 


went to F.dwards and started work on the X-1. Now the first thing that I 


made it a point to do was to learn everything I possibly could about the X-1 


so I' 11 give you a slide, if I can have that first slide, give you a feel 


for what we hcd in the airplane itself. Okay, that's the X-1 as it sat on 


the lakebed the day it broke mach 1. You can ::Ee the airplane is about 28 


feet loQs an:i has a wing span of about 30 feet and you can see the cockpit -


visibility is i:retty poor and right behind the cockpit itself is a spherical 


tank that holds 300 gallons of liquid acygen. Above the wirg is the 
)/)_),,\ 


instrumentation bay and behind the wing is another spherical ~ that 


holds 288 gallons of a mix:tlll"€ five parts alcohol t.o one .i:art water an:i the 
,.....-,-, ~ 


rocket engine in the tail itself. k' empty airplane weighed roughly 6,000 


pounds. The rocket engine in it gave us 6,000 pourris of thrust. Fully 


loaded it grossed out almost 13,000 pounds and had a stalling speed of 240 


miles an hour. fuE::y:=loaclGd; §Ulpty it stallEd at 19J miles an hour and we 


put it on the lakebed at about 195. Now, up in the nose in front of the 


cockpit, it was funny to listen to Joe talk about an 8,000 pound psi 


hydraulic system today because in the X-1 we had no hydraulic system or 


electrical power other than the battery that ran the radio an:i the 


instrumentation and telemetry system but for power we used 5,000 pounds of 


nitrogen gas in a manifold an:i ran that nitrogen gas through a dane 


regulator in the cockpit and reduced it t.o 1500 pounds vtiich we used to 


raise and lower the landing gear an:i then we reduced that 1500 poun:is 
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through two more dome regulators, one controlling the rressure to the liquid 


oxygen tank which was 300 psi arrl to the water alcohol tank after the wiQ?; 


which was 288 pounds roughly. Then we took that 300 psi, took it to the 


tail and if you' 11 notice, on tre side of the vertial stabilizer, on the 


leading edge of the mrizontal stabilizer, you can ree that the leading edge 


of the horizontal stabilizer has a fairiQ?; 01er it, it was designed to mo.re 
i_11. e,.; Jt:.k.t:. ~ "7/4[' 


up and down and the way we mo.red or cha~ed angle of 1.m:tane-e on e.' 


horizontal stabilizer was, the leadir:g edge of the stabilizer was moke::i into 


a jackscrew and on top of tre jackscrew i-.as an air motor and on the bottom 


was an air motor an::i I could control 100 psi of gas that went to the top 


motor through a rolenoid switch controlled on the wheel in the cockpit, I 


could let air to the top motor turni~ it clockwise lookir:g down at it or 


divert gas to the bottom motor and turn it counter-clockwise and mange 71, [ 
iif.t:.i te.H.t:. t! 


angle of ~ to tre horizontal stabilizer. Then we took that 100 psi 


Ill 
and ran it back to the cockpit through 1 orifice and reduced that to 4 psi and 


we used that nitrogen gas to run the gyro on the needle an::i the flight 


indicator and durnp;d that into the cockpit to pressurize the cockpit with. 


I tell you, OSHA wouldn't buy sanethir:g like that today. But that's the way 


the X-1 was. It was basically pretty simple. We rad 16 channels of 


telEllletry and most of the data we got was transmitted to the groun::i before 


we landed. Cb the nex: t slide, you get an idea looking head-on to the X-1 to 


see what pretty rorry visibility we ha::i out of the front. We really didn't 


need much because you landed on the lakebed all the time and you can see how 


narrow the main gear is and it did have brakes on it, not booste::i brakes, 


just plain mechanical brakes but we us rally had a roll out of about three 


miles on the lakebed itself. You can see the door on the right wir:g. You 


can see the lever on the door and once you came down the ladder in the B-29 


and crawled inside the X-1 they held the door against it and you locked it 
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on from the inside with that lever and you were in it, you couldn't get itl 


it. Next slide. That's basically the nose of the airplane an:! the side of 


the cockpit where you went in to it. I named the airplane after my wife the 


same as my Mustangs I had during World War II. You can see the liquid 


oxygen, how cold it is on the rose we are refueling the liquid cxygen tank. 


Next slide. There you can see the airplane hanging under the B-29 mother 


ship and you see the door. ~men we got up to 10,000 feet I would get on a 


ladder an:! they would let the ladder down opposite the door on the right 


side, slide in it romewhere between 10,000 and 12,000 feet and the reason we 


didn't take off in the cockpit of the X-1 is because as I mentionro before, 


the stalling speed of the X-1 was 240 indicated an:! the climbing si::eed on 


the B-29 was 180. If you had an inadvertent shackle release or ha:i to drop 


the X-1 below that si::eed you would probably end up in a spin at too low an 


altitude to rec av er and get out of. Next shot. I had four chambers on 


the rocket motor, each chamber putting out 1500 pounds of thrust. Here you 


can see all four of than running with tre standing soock waves in it an:! as 


I mentioned before, with all four chambers running we had only two and one 


half minutes of power or with one chamber rmning ten minutes, two, five an:! 


so on. Next shot. Here you get an idea row. big the X-1 is. That v-.as taken 


the day I broke mach one. I was 24 years old an:! ha:i damn near as much hair 


as Bob has on his face. May I have the lights please. 


That's the way we started with the X-1 an:! as I mentionro before I made it a 


point.ana rrobably the reason I was selected to fly the X-1 was because of 


my maintenance backgrourxl. I had been a crew chief when I enlisted in 1941 


before the war; I had been a crew chief and after I got my wings and went 


into the fighter outfit I was al ways the assistant maintenance officer an:! 


then when I came into Wright Field in '45 before I went to the Test Pilot 
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School I was the maintenance officer in the fighter test .92ction and so, 


learning mechanical devices was easy for me and probably that was the rearon 


I was .92lected to fly the airplane by Colonel Al Boyd who was then chief of 


Flight Test. We began ... I ranember the X-1 ha:i been up to . 8 roach number 


and had flown 20 poweroo flights so it was no sweat to fly. So we began. A 


typical flight, as I mentionoo before, we would back the X-1 down into a pit 


and pull the B-29 o.rer it and hoist it up Lmder the B-29 hookup with a B-7 


bomb shackle arrl then v.B had the nitrogen systan already pressurizoo and 


usually it would take us about two days to pressurize it because of the heat 


generatoo in pressurizing because we were using evaporative systan to 


evaporate liquid nitrogen to get the high pressure gas to put into the X-1 


arrl it would get pretty hot. And we would let it coal down o,er night and 


then top it off the next morning in order to get a full 5,000 psi because 


that gas was the life systan of your airplane. Without it you couldn't get 


the gear down, no flaps and nothing worked, not even your propellant valves 


arrl the act U3. tor on tre horizontal stabilizer. So after, when I got in the 


B-29, they'd fire up the B-29 and taxi out and take off and as I mentione::i 


before, at 12,000 feet I'd go back arrl get on the ladder am they'd let me 


down and I would crawl in the cockpit and they'd hold the door on and press 
CJ rixcJ_ 


against it arrl I would lock it on. Then we'd gPetm1 on up to about 20,000 


to 25,000 feet and then the B-29 driver would level off and dive the B-29 


until it got abo,e 240 indicatoo arr:i release me. When I fell out of the 29 
·,t fe,e,14 


it was real bright because I had been up in a dark hole and ~ me a 


fraction of a secom to becane acclimi ti zoo arr:i once I droppe::i, then I firoo 


off one, or two, or three or four chambers of my rocket motor that I wanted 


to get me out to tre speoo I was aiming for that day. Now, sane of you have 


flown high performance aircraft and some of you Lmderstand aerooynamics. 


Now, as a young test pilot at Wright Field and flying P-80s, P-84s most 







straight wing aircraft, the early jets that we had had relatively thick 


h 
wings, about 14% thickness to c,.on:I ratio. Now those airplanes, when you got 


them to say .8 mach number would begin to buffet as the smck waves would 


form on tre thick part of the wi~. If you srowe:i up to say . 75 mach number 


or 75% of the s~ed of round where the airplane flew very smooth and roll 


the airplane 01er am pull about three Gs, under this condition at . 7 mach 


number you ran into the same buffeting that you did straight and level at .8 


mach number. So knowi~ these little tricks of the trad~with the X-1, if 


the test that day called for taking the plane out to say .87 or . 88 mach 


number, when I hit .87 or .88 am we always did all of the flyi~ in a 


slight climb, somewhere between 38,000 to 45,000 feet, so that if I ran into 
c·••c< 


problems I could chop everythir:g off an:i the airplane would slow down !Jmlike 
~o 


the IH 108s and the unfortunate accident that killed kffrey DeHavilland and 


another pilot - they were doir:g all their work in a vertical position arrl 


once they got into :i:roblems they just disintegrate:i. They had no way of 


slowir:g down once the airplane went divergent. In my case, when I hit say 


.87 mach number, which was the mach number I was aiming for that day, I'd 


roll the airplane aver an:i pull about 3 Gs which would give me a feel for 


what I would run into probably the next day straight am level at a higher 


mach number. Am this system went fine. It took me nine flights, nine 


powere:i flights, to work up to .94 mach number. At about 88% of the s~ed 


of soum the airplane ran into its first buffetir:g because it bed an 8% wi~ 
I,, .'):. 


which ifl' relatively thin in those days and the buffeting got worse and 


buffeti~ in an airplane, just like driving a car aver a rough, pot-hole:i 


road, it just shakes the whole airplane. You get a lot of fee:iback in the 


controls an:i the like. At the en:i of each one of these runs I would roll 


the airplane 01er and pull about 3 Gs. Well, this went fine up until about 


'ill, etlly . 94 mach number. On the . 94 mach number flight, I was about 43,000 







feet m a slight climb. I rolled the airplane o.rer,,1and it ws rather 


sluggish on the roll; pullErl back on the control am nothing happenErl. The 


airplane went the way it was headed. You could flop the controls back and 


forth. I shut off the rocket engine am jettioonErl the ranainder of the 


fuel and came down and landed on the lakebed and while we are talking about 


lakebErls, a lot of you have flown o.rer Rogers Dry Lake there at F.dwards. 


Then it was Muroc Air Base. Rogers Dry Lake is 13 miles lor:g and five miles 


wide. It has ~ weight bearir:g capabilities of about 285 pounds per 


square mch. When it rains in January and February each year it puts about 


six inches of water on the lake am the wim blows it back arrl forth arrl 


gives you a new surface for the rest of the year;, and wi trout the lake bed we 


would have been rnable to fly tre rockets that we did like the X-1, X-1 A, 


X-2, and X-15 and the lifting bcxiie 7 because mainly men you WJrk off the 


lakebed you just sit up there fat, dumb am happy am aim for the middle of 


the lake and if you rndershoot or o.rershoot four or five miles it really 


doesn't make much difference because you have 13 miles of rrnway, five miles 


wide, and on this i:articular flight we ran out of elevator and came down and 


landed. ~t hcd been really impresse::i upon us that we really didn't want to 


have any accidents with the X-1 because we S3.t there the year irerious and 
D 


watche::i the ~H108 disintegrate, two of than, killing two test pilot, am 


most all of the Great Britain's aircraft industry came to a ~reeching halt. 


We didn't want this to happen to our aercxiynamic research program with the 


X-1 because we lmew it would string us out a lor:g lor:g time,and when thle 


mppened -with ttle-1C=4, ~ hcd drill Erl in the top am bot tan of the wirg, ... 
about a foot out fran the fuselage, and m the torizontal stabilizer, about 


a foot out fran tre fuselage, little 1 /8 inc.h holes every inch. We hcd 


these toles connected by tubes to a monaneter pressure recorder. We could 


see because when a shock wave forms on the airplane, in front of th= stock 







wave the air is supersonic, behind it is subsonic. The supersonic and 


subsonic air left different pressures 01er tre holes. We could see where 
:rl" 


the shock WcN e had formed about . 88 rnach number on the wing as well as the 
Jv 


horizontal stabilizer an:i as we increase::i the mach number the shock wave not 
"'1ol ZJJ 


only laid down but it ~ back and we were tracing it along the wing and on 


the tail an:i at . 94 mach number the shock wave on the rorizontal stabilizer 


was right at the hinge point of the elevator which means we lost our 


elevator effectiveness. So we looke::i at this data an:i really, I was a 


little worried about the v.hole outcane because Colonel Boyd came out to 


F.dwards and we looke::i at the data an:i I told him I didn't have any way of 


controlling the airplane. It had been predicted by the engineers that the 


airplane would either pitch up or pitch down when it got in the region of 


the speed of s::>Und and I didn't wnt to have any part of that, not being 


able to control my airplane. We thought that would probably be the en:i of 


our research i:rogram but Jack Ridley then he ws a captain the SIDJe as I was 


an:i he had his masters out of Cal Tech under r.octor V~T'l:Q$H~ terrific 


engineer as well as a pi.lot. We sat down and looked at the capability of 


m01 ir:g the horizontal stabilizer with this j ack::crew an:i little air motor. 


It was a pretty crude system but ws about the only thing we had left. So 


we looke::i at it, we had never use::i this system previous in any flight 


conditions oo we squirted a little WD-40 or three-in-one oil on it and got 


it pretty well working. It got oo I could control my angle of incidence of 


the h::>rizontal stabilizer about a quarter of a degree just by this oolenoid 


controlling the air to the motor on top or the one on the bottan and we 


decided we'd go up and try that system out. We went up to about .85 rnach 


number where I still ha:l elev a tor control an:l. I change::i the leading edge of 


the horizontal stabilizer down one degree. I had an instrument in the 


instrument panel that told me what degrees I had it an:i I cranke::i it down 







\ 


one degree and the airplane pulled 3 Gs without mm ing the elev a tor ro I 


retrimmoo it , let it accelerate on out to . 9 mach number, made the same 


change and got the rame Gs and retrimmed and let it go rut to . 94 where I 
ltJP 


lost the elevator effectiveness an:i made the same chang7 ifl the airplane 


pi tch 1,rto 3Gs just like it I came down and told 


Colonel Boyd and Jack &ff:l as far as I was concernoo 


we had the thing licked because if the airplane had a ten:iency to pitch up 


or down I could fly it with tre horizontal stabilizer. Actually, it only 


took two more flights. The nex: t flight I took it out to . 955 and the 


airplane began to nore up a little bit as we got increasoo superronic flow 


OJ er more of the wing and I just trimmed the leading ooge up on the 


horizontal stabilizer an:i held the nose down an:i then on tre flight on 


Cctober 14, 47, I sat there and had three chambers on at about 41,000 CH:1" o ..-


42,000 feet, the mach meter went out at about . 96 or . 965 an:i fl uct LB too arrl 


went off the seal e. Toe roach meter only went to 1 . 0. I don't think they 
l).5 


had a hell of a lot of confidence in ~ to tell you tre truth. Tre thing 


went off the s::!ale and when it did, all the buffeting quit and I got back 


sane of the elev a tor effectiveness and we made our first s:mic boan. The 


biggest mistake I ever made ms not IE tenting it. Toa t ms our first 


superronic flight and when I shut tre thiQs off an:i it decelerata:i back into 


the region of the speed of round the buffeting picked tack up and I lost the 
/fl,r,r ,1 ~1~ 


elev a tor effectiveness an:i / came back. 6ot;;:;:i~k~ came back arri landoo/ 


and to me, one of the most important things that came out of the mole X-1 


program was findir:g out that you neede:l a flying tail on an airplane that 


would operate in the region of the speed of round, other than finding out 


that your ears didn't fall off or nothirg drastic happenoo in the region of 


the speed of round. The reason I say this about the mrizontal stabilizer, IS --rfv,,f 


rt I' 
all the data we were getting with the X-1 program, if we flew on-· day, the 







next day the data was reduced and fed right straight in tD the aircraft 


canpanies like North American, Douglas, LockheEd, Boeirg, Grurnann an::i the 


like, Republic, and at that time, North American had the F-86 on the drawing 


boards an::i it was designed with the swept wing to Dy in the region of the 


speed of sound, of course in vertical dives fran high altitude. Knowing we 


needa:l a Dying tail on the airplane they build a trimmable horizontal 
I 


I ·7'n•'·/ 


stabilizer on the F-86A. Then, of course, following the A in~ ~950 came 


out with the E which had a Dying tail hookEd directly tD the stick an::i it 


was amusing to me in '53 when this lieutenant in the North Korean Air Force 


brought a MiG 15 down to South Korea I was sent oter there fran F.dwards to 


do the eral ration on the MiG 15 and when I first walked up and looked at the 


aircraft it was ot:Nious what tre hell his probler.i was - it ha::i a fixEd 


horizontal stabilizer just like a T-33 or PSO. and then flying the MiG 15-


~-abe-Ht--+l--f.l.ights, mGst½i--on-the--gages...becau-oo-the --weather· -was---00---


...bad ·there-at-Okinawa-. -- • 







Flying the MiG 15 which I did about eleven flights, mostly on the gages, 


because the weather was so ba::i there at Okinav.a, any time, for instance, the 


MiG 15 would go about . 905 mach straight and level and you could drop the 


nose and pick up speoo at about 36,000 feet an:i if you got into the region 


of . 93 mach number the airplane would begin to buffet am would 


C'l1tv1.B 
buffet, rattle an:i d-i--t€ even with tre stick against the instrument µ3.nel. 


To get higher mach number we went in iIN erted about 45,000 feet and once you 


got abo,e . 93 you had no elevator control whatsoever. Although the airplane 


would dive to about .98 or .985t ~bare .93 it had no control whatsoever 


longitudinally. In the F-86 havingAflying tail, ~ shot down roughly 12 


MiG 15s for e,ery F-86 we losS, m.- all for that reason. An:i that's the 


reason I say that's where R&D paid off. We flew the X-1, I flew it sane 80 


flights 01er the next couple of years; took it up to about 1.5 mach number 
..., t, 


et 1,000 miles an hour an:i up to about 70,000 feet an:i then we retiroo it to 


the .shlithsonian
1 


now the Air and Space Museum 
1
v.bere it hangs. After the X-1 


we went through a whole family of research airplanes. If you go back, the 


X-1 was called the XS-1 , X-rneaning research and S-supersonic and 1-was the 


first contract the Air Force let for research airplanes. X-2 was tre secon:i 


contract, 3-4-5 the X-15 was the 15th contract and that's v.here you get 


these numbers for the airplane. After the X-1 I think the next airplane we 


looked at was the X-4 built by Northrop v.bich v.as semi-tailless and ecactly 
D 


the VH108 but it had much more p::,werful engines than 
""'\ 


the same plan form as 
I/ V 


the VH 108
1 


which v.as a single engine airplane. We had twins in the X-4. 


~ 40,000 feet you could accelerate out to its critical roach number in a 


nt 
slight climb because of your eccess thrust and about .92 mach number the X-4 


began to pitch, yaw an:i roll an:i if you didn't pop tre speoo brakes and 


decelerate rnder that mach number it would go divergent immediately and 


D 
that's probably what wipoo out the ~108s but they were in a vertical dive 







., and couldn't slow the airplane up and also very high Q,atfd after the X-4 the 


X-5 came out built by Bell. We could sweep the wings fran twenty degrees to 


sixty degrees in flight and with the wings in a straight µ:,sition could get 


. 82 mach number an::i by sweepir:g it you could get . 91 mach number. A lot of 


data that came out of the X-5 went into the development of the F-111. Then 


after that Douglas came out with the X-3 which basically was designoo for 


supersonic intake duct research and by then, hell, we had F-100s smoking 


aroun::i at supersonic speoos so it was a rather useless airplane. It was way 


underpoweroo and didn't have the Westinghouse J34C engines that the 


airplanes were designoo for an::i being underpowere:1 it was funny to fly; had 
,, 


very, very small wings on it and you started at the routh en::i of the lakebed 


and when you got up to about 260 knots you raise:1 the nosegear off the 


ground and about 290 knots you got airborne and raised the gear and as you 


crossoo Mojave, headir:g towan:i Tehachapi. up to about 500 knots you would 


start a shallow turn and the airplane would buffet and you'd roll back out 


and wait until you got up past Bakersfield an::i had the spee:1 to turn the 


airplane. It never did get much abo.re 20,000 feet and very little abo.re 


mach 1. &) it was retire:1 am put in front of sane high school to get kids 


to enlist in the Air Force with "">as most research airplanes are; but after 


that then Bell went back an::i lengthene:1 the fuselage on the X-1 seven feet 


and they called it the X-1 A and went to a different .iropul sion system or 


pump syst/ rather than having very thick walls spherical tanks in the 


fuselage we went to a conical aluminum tank and went tcf hydrcgen peroxide 


'//'ro 
pump as you well understan::i the systen of decanposing peroxide m~ steam 


and using that steam to run the turbine pump with a shaft to two other 


pumps, one pumpiQs liquid CKygen an::i the other water alcohol am that gave 


us a much lighter system. The X-1 A had basically almost double the fuel 


capacity we had in the X-1. Otherwise, instead of two an::i one half minutes 







,I 


of JX)wer we rad four and a half minutes of JX>wer. We had the same wing, 


same tail arx:l same engine and we ha:i a B-50 to drop it fran so we would take 


us up to 30,000 feet. 


~ 


This again .... Bell had a civilian test pilot named 
~,~ 


Skip Ziigler who worked for North American. They hira:l,. to do the research 


flying on the X-1 A and he killed himself in an X-2 top-off test back of 


Bell. He had flown the X-1A sane six flights but he never got ~ 
supersonic because of the buffeting and he didn't have any experience in 


that regime so when he got clobbera:i then the Air Force assigna:i me t:o the 


program and I only made four flights on the X-1 A. Primarily it W3.S in 


Na1ember an::i December 1953. Caning up on the 50th anniversary of 
,..---. 


powered flight and the Navy had taken the D558, Navy Douglas S~ocket
1 


almost up to mach 2 and we were tryir:g to get the X-1 A up t:o a much higher 


speed so all I did, Jack Ridley arx:l I sat down am worked a JrOfile flight 


A1 
out for the X-1A,basicmlj' where !ie droppa:l it 1, 30,000 feet at about .65 


-= 


mach number which was the max speed on the B-50, and dropped out arx:i fired 
,..--


three of the four chambers, accelerata:i to .8 an::i climba:i at .8 to 45; fired 
l}S N'-


the fourth chamber which gave l:,im full thrust tie leveJf:.out at 45, accelerate 


to 1. 1 an::i then pull the airplane up in a 45 degree climb aQsle and went to 


50 at about 1. 3 and to 60 at 1. 5. And then you pushed 01 er. Now in the 


early days the airplane like the X-1 or X-1 A, the liquid ocygen just laid in 


the tank. If you went to zero Gs it vJOul d cav i ta te or boil so you had to 


keep at least one tenth of a G on your tank to keep the liquid ocygen in the 
p, r~ ,_,,ry 


bottom to run out the He-Be that ran to the engine. With the X-1~/I made tl:!e 


first flight on it in NOi 53 an::i took the airplane up to 1.3 mach number arx:l 


it flew exactly like the old X-1 did, the buffeting, lost the elevator 
on -rh.v 


effectiveness, you had to use the trim • horizontal .,._ 


stabilizer in the region of the speed of s::)und. ~en you got supersonic it 


all smoothed out an::i everythir:g came back to you. The secorx:i flight I took 







it to 50,000 feet up to 1 . 5 which w:i.s fastest we'd 01 er rad the old X-1 , the 


only straight wir:g airplane that was flyir:g at that time. Then on the thiro 


flight I took it to it to 60,000 feet and held it level up to 1. 9. In trose 


days although we were quite a ways ahea::I of most aircraft we ha:! the life 


support equipment av ail able to us like e, en in the X-1 I had a :i:ressure suit 


an:i any time I operated abo;e 50,000 feet, because I worked on than in 1945 


in the i:ressure chambers at Wright Field. So I had a :i:ressure suit in the 


X-1 A an:i on tre fourth an:i last flight everything went like clockwork. I 


was launched at 30,000, got beautiful top-off, got all my chambers to full 


thrust an:i everything went like clockwork ex:cept the only thir:g that I 


goofed on wa~ you' re sitting there with a :i:ressure suit on and looking 


through a visor that has filaments on because these little filaments of wire 


in your visor connectf Pto a rheostat on the instrument µrnel.) and when you do 


this sort of thing you breathe a little bit fast an:i this rheostat, you've 


got to turn it up \Jlen you begin to fog up on the inside and you really 


can't see too gocx:l out of the old pressure suits that we were wearirg. The 


only thing that you've got as an attitude reference in the X-1A was a little 


8-ball gyro about tre size of a baseball. When we' re climbirg at 45 degrees 


you can't see the ground and you're just looking at a black sky and trying 


to keep one eyeball on the flight indicator an:i the rest on tre i:ressure on 


your rockets and I got the airplane a little bit steep. Instead of 45 


degrees I ha:! it probably up to 55. When I went to 60,000 feet the object 
J.£v, J 


was to push o, er to one tenth of a G and becane ~-ePal at 70,000 feet and 


then hold it at 70,000 to burn out. Bei~ a little bit steep an:i not beir:g 


able to get the nose down I floated on up to 80,000 feet and became level at 


80,000, I was si tti~ there looki~ at 1. 9 mach number an:i our mach meter 


this time optimistically went up to mach three. I sat there and the thing 


accelerated quite rapidly because we were gettir:g down where we had a little 







more thrust than we rad weight and we were picking up about 31 miles per 


hour per second. So the old mach meter was really winding up and I sat 


there. I had been told by Bell engineers that the X-1 , because of the very 


small tail that it ha:i, when we went to 2.3 mach number you better pay 


attention to what you are doing because we think it's going to lose 


stability on all three axis. Being; programmed to take the airplane as fast 


as it would go, I sat there fat, dumb and happy as I went through 2.3 mach 


number, sittir:g there lookir:g at it, this airplane began to yaw to the left 


and I couldn't believe it. The airplane just began to flatly yaw to the 


left and I pushed the right rudder, like I'd been taught in flying school and 


nothing happened. When the thing went through about 30 degrees the outside 


wing started caning up because of the dihederal effect. I cranked in full 


aileron and nothing happene:::I. Ti.me at 2. 55 ma.ch number at just under 80,000 


feet, that's about 1650 trLE, the airplane was yawe:::I 40 degrees and the wing 


was just starting up. I had full right rudder, full aileron and was 


breathing ham. The thing flipped all the way irwertro and when it went 


inverted it pulled about two negative Gs and the canopy busted and my suit 


infla too. Fran there it yawe:::I 40 degrees the opposite direction an:i that 


thing really wound up in rome of the hairiest gyrations I'd eJer been 


exposed to. I've got about a ten secom film that was taken fran a camera 


on the right side of the airplane out across the top wing. It's srort but 


it gives you an idea ... this is in real ti.me oo it gives you an idea of what 


it looks like fran a cockpit oo if you' 11 run that thing by and then turn 


the lights back on .... Here you'll see an airplane tumble. Okay, if I can 


have the lights back on. 


I really didn't know wiat happene:::I until I saw this film. We got the cause 


the airplane as it got up, went through 2.3, the sh::>ck waves, see a shock 







wave forms on the nose of the airplane becanes a cone, it lays dov-Jn and 
) 


becanes smaller am smaller. At 2.3 roughly, tre shock wave was caniQs off 


the nose of our X-1 with just out side the tips of the mrizontal stabilizer 


and vertical stabilizer. At this point we lost stability on all three axis 


and we got rates of roll of SJme 588 degrees i:er recond or almost twice i:er 


secorx:i. What was hapJ:X2ning, when the airplane is yawed 40 degrees am it is 


rolling that fast men you get the bottom up you get about 9 positive Gs, 
t,J). r-,l 


about 2Gs side load, about 3 negative, 2 side and 9 positive. I You go 


/throhh two cycles of this a recom you get a little disoriented. My 


problan, I thought tre tail ha:1 come off the airplane. I ha:1 no idea what 
,~ 


was going on, and, the X-1 A 
I 
the ::ame as the X-1 we had no ejection seats and 


no way of gettirg out of it so you are part of the airplane. I was 


wondering what JBrt of the Tehachapis I was going to hit in but I 
"''). C, 


fortunately rode the thirg out am tre first thing that I recognizro ~ an 


inverted spin at about 34,000 feet and I put the controls with the spin and 


flippro it into a normal spin and poppro it out of that with opposite rudder 


and elevator at about 27,000 feet. At 25,000 feet then I looked around and 


foum the lakebro and glidro back in. After they replacro the canopy arx:i 


got a new pilot -=l, .... The main thing, both the X-1 and the X-1Awere 13~-,, 


stressed for 18 Gs positive or negative am they were very well made 


airplanes. As I mentioned before, probably had I had a seat or capsule, I 


probably would have ejected but I didn't SJ I stayed with it arx:i fortmately 


brought the airplane back. On the nose, the side of the nose of the 


airplane, when the airplane yawro at 2. 55 mach number, v.:e had 24 ST or 
C:-01 VZ.f?.'-f flc,1 


aluminum durall skin, very thin, and the mole side of the nose ~ 
OP 


because of the heat in excess of 400 degrees,~ .... which is the limit• 


al uminwn airplanes. 







( changed sides of tape) 


reet-±n-ec-cess of l:!007:iegrees-4-bich-is~-the-limtt·7~5-all.lminum -airplanes. 


After the X-1A Bell came out with the X-2 and knowing what they did, they 


built it out of stainless steel and with that airplane we went out to 3. 2 


mach number and up to about 126,000 feet- m~2:2:n±~F(:!~~~ the need for 


reaction controls which were put in the X-15 and the X-15 was one of the 


~ successful research airplanes, that went out without a ceramic coett-i'flg 


just above i--t mach s:ix or around 3600 or 3700 miles an hour arrl the f/2 


~~,.;~ f' 
X-15 with Pete flying it they put a ceramic coating on the leading Erlge 


v·1 
of the wings arrl nose arrl it got out to about ~ mach number arrl duriqs 


r&-entry it had heat that would, it could melt steel, the airplane could not 
jf L 


starrl but for the ceramic coatiQ?;Jablative ty.i:e coolir:g til it deceleratErl 
~ ~ 


under mach 6 of course, protected the airplane and that vas the fastest 


wingErl vehicle we ha:i ever flo-wn. It got up to about 64 miles. Of course, 
t,_/,-~ 


after thatJcame out .. ·~·Kelly Johnson :!fl Lockheed's YF-12, that beir:g of 


titaniun operates at about 3.2 mach number maximum like the B-70 made of 


honeycanb stainless steel and of course the shuttle which we are all pretty 


familiar with. Basically it's interestir:g to see row airplanes have evolve:::l 


today versus \-.hat we used to fly with the old P-51 s and the development of 


gunsights arrl radar, range canputiQs arrl now I currently am a test pilot 
s7,•I 


consultant to the canmander of the Flight Test Center at E.dvards so I' get to 


fly Air Force airplanes. The amusir:g thir:g to me is to fly both the F-16 


which I have quite a bit and the Navy F-18 which I flew about three months 


ago back at Mcixmnell Douglas, both fly-by-wire systans canputer o.i:erate:i, 


especially the F-16 with the side armed controller with a strain gage and 







all you're telling the canputer is give me two Gs, J;s, 4Gs or 200 degree 


,t, r 
per secon:1 rate of roll, canputer analyzes everythir:g, canes back am gives 


it to you. In the case of the F-18 the amusing thing about it, you get in 


the cockpit and you have no instruments in there; you have cathode ray 


tubes; any of the three can be :i:roj ected on your reads up display. an::i~t-up 


.d!ffi _turn the master switch on an:1 it canes up with a checklist. It's got A 


12,000 word mEinory bank in the canputer am when you start your airplane up 


the checklist disappears an:1 if you have a malfunction it tells you what 


your malfunction is, the best course of action, am all these things are 


beautiful. It's 1980 technolcgy an:1 it's fll1 to fly than. If you have any 


questions, I' 11 be happy to answer them. If you' re tire:i of sitting, I' 11 


gladly sit down. 


Thank you very much. 


I've got a question that's really been eating me up. I rea:i in a magazine 


sane time ago about tre XS-1 , an:i the design arrl tre facts at that time we 


had accumulated in the design technolcgy for su:i:ersonic flight. As the Bell 


engineers looke:i arourrl tryir:g to conceive a bcxiy sha}::B that would be 


socially acceptable at that s:i:eed, the only thing they could canfortably 


cane to was a 50 caliber machine gm projectile which was the only bullet at 


that time which had a::!hie1ed the s:i:eed of 3)und. Is that corre::!t? 


[>G·•'/ 


Yeah, the nose of the airplane ha:i the same ~ as a 50 caliber 


bullet. And it was successful. Clwiously, if \..e knew then what \..e know N"'· 1 


anything could fly super3)nic if you put enough thrust behin:1 1 7 


C~.nfefru.ng:_~1<:a'1.Mt. We had no data .... unlike 3)me of the magazines 


in Germany sai'1/ a lot of the data we got back fran Germany was use:i in the 


design of the X-1 • ihe X-1 was designed in 194 3, construction was started on 







the airplane in 1944 and all this W3.s in-house by Bell Aircraft Cani:any and 


they did a beautiful job - a guy by tre name of Woods an:! Stan Snith an:! 


people like that. 


Would it be ••••• would you like to go on .... I've got a couple more f'ilrn 


strips about him, fl.yi~, which he really didn't want us to srow unless 


somebody was interested. 


,-.[ 


You want ✓ to narrate thEm 


Could you talk briefly about the broanstick? You know, men you broke tre 


spee:i of soum. 


-en October 12, was a Sunday night and Gl ~mis and I went to Pancho Barnes' 


to look aroum. Surely a few of you people remember Pancho Barnes' place. 


We were out hJrseback riding, mich v-B liked to do out trere, that night 


after dinner, we went out the gate an::i saneone close:i the gate and we were 


racing on the way back and I was in the lead an:i wasn't seeing too goai. I 


saw the closed gate an:! I laid my horse down but he misse:i the gate an::i hit 


the fence about one post o,er and flipped and threw me about, I don't know, 


a few feet, an:! I landed on my right side an:! ended up busti~ two ribs. 


That was on Sunday night, the 12th and al though v-B were a very small 


detachment there at Muroc we were isolate:i an:! no one paid a heck of a lot 


to what v-B were doing but I~ really W3.S hurting pretty bad ro Monday I went 


in to the doctor at Rosamon::i an:! re said yes, you've got two broken ribs an::i 


he taped me up and I went out to the base that afternoon and got with Jack 


Ridley an::i told him my problem,aioo· we had the X-1 hangirg on the B-29 in 


preparation we rad pressurized the nitrogen system in i:reparation for the 
" 


October 14th flight. We really didn't know we were goirg to get the 


airplane abo,e mach one on that i:articular flight, it just happened to work 







out that way. I got in the cockpit of the X-1. I could go down the ladder 


OK arx:i I could get into the cockpit. You ha:i to bem 01er real tight, an::i 


it hurt, but I could harx:ile it. Then when Jack held the door down ~ you 


saw that lever, you ha:i to take your right arm am raise it in order to lock 


the rollers on the door. I just couldn't do it. I couldn't get enough 


strength in my right side. I told Jack my problem; he was lookirg down 


through the window and he Siid we'd just look at the thing awhile oo we went 


in. Now the lever on the door of tre X-1 ha:i a little slide out where two 


rods came close to each other, about six inches apart, so old Jack ~nt in 


('. r"'I J and g~t a ten inch broan__ytick am sawErl it off am brought it back and when 


I got that lever started up I could stick that broan stick between these two 


rcx:is and get a ten inch mechanical advantage with my left ham am close it. 


When I did this I knew I had it licked because it's no problem flying an 


airplane sittir:g in a normal position. It hurts a little bit but it's 


no ... it doesn't slow you down any and with this broan ..... I alv.E.ys won::ierErl 


what happen Erl to that broan after the ex:ci tement of gettirg abCNe mach one 


but that's the way it happened. That's the way things went in the old days. 


Bob is this the NF1O4? 


This is still on Bell .......... One thing I wanted to JX)int out is ~ 


sanetimes think that we've always been very modern, very sophisticatErl in 


aero design. There's one sequence here that sh:::>W3 Chuck going down ---
elevator down to the X-7 or X-1A. You've got to see it because it's 


strictly manpower ---------- This is a film so maybe -----
Chuck you could say a few words. 


I can't see it and be close to a mike too. That's the X-1 with the flaps 


down which you will notice am basically, a lot of this is propaganda 


because it was taken in 48. That's looking into the cockpit and I point out 







I was exactly 24 years old when I broke roach one. That's the flight control 


systan, it was a wheel instea:i of a stick arrl there's the entrance to the 


X-1 that shows just walking aromd the wings of the airplane we had a pitch 
L ., r ~o t, 1 , r-


and yaw indicator on the right tip of the airplane, arrl 2it ..txm'ei it do'WI'l for 


a gromd rm and you saw a slide of the 6,000 lb thrust rocket er:gine. 


These films probably were taken in 48, the year after ~ broke mach one and 


when they started releasing the data on the airplane. We' re looking at the 
-r;,; 


rocket engine in the b,,ae,k itself. Incidentally, the alcohol v-.e used was 


grain alcohol and we had to put a 3% JX)ison rolution in it to keep the guys 


fran drinkir:g it. That's tl'E instrument panel of the X-1. That's the 


liquid nitrcgen e,aporator, I'm sorry, that's row v.e got our 5,000 psi ms 
A :-;l -


evaporating liquid nitrogen to tl'E sreet exchangers an:i puttir:g the i:ressure 


in the X-1. There you see the chambers running and the standing shock mves 


in the flame itself. This film, I think Bell took it on .... yeah, that's 


6063, that's the #2 X-1, it msn't the first one~ flew at su~rsonic 


speed. That airplane beir:g lowere:1 do'WI'l into tl'E pit arrl then the B-29 will 


be pulled OJer it and it will be misted up tnder the banbbay of the B-29. 


We ha:i especially modified B-29 with part of the bombbay cut away arrl the 


wing tips themrelves v-.ere actually just under the inboard engines of the 


B-29 arrl the leadir:g edge of the wing was just a few inches back of the 
rl·~ 1:' 


pro~ll-arit-6. There's the B-29 taking off f'ran the runmy, the old South 
---,:,r 


Bare at Muroc Air Bare. _ ~ ~ trackir:g radar that use:1 to receive 
-,·"r 


our telemetry channels. He would dive, as I mentionect,'•a'B-29 up abOJe 240 


indicator an:i then go ahead arrl pull a lever to releare the X-1. 


(question, couldn't hear on tape) 
r - c 


Actually it's just a little fake sitting on the ground cause there's no wind 


blowing through there. We didn't have any WD-40 in those days ro everythir:g 







is stuck on it. Two or three times they pulled the lever to release the X-1 
c.1 --.!i r 


without pulliQ?; tre safety pin out ~ shackle:i and we got j amrned up. As I 


mentioned before, there was very little film co.r er age on the X-1 program. 


In fact, it was ,Iret ty sorry stuff. Normal contrails when you are above 36 


- 38 , 000 feet with the rocket. As a matter of interest, my first three 
:; 


flights in the X-1 were glide flights without fuel and .we ende:i up 


dog-fighting with Hoo.rer in a P80 all the way down. Beautiful airplane to 


roll. As I mentione:i before, your touchdown was sanewheres around 193 -


v/195 miles an rour. All your landi}fugs were dead stick of course. I was 


sittir:g against a liquid Q{ygen tank full of liquid Q{ygen arrl that was the 


coldest cockpit I've ever been in in my life, it ms really bad. I think 


you all have been sittiQs here loQs enough. 


Would you like one more srort movie? 


Which one is that, Bob? Oh, the NF-104. Give me a little lead in into 


this ... when I was callir:g the action at the Astronaut Scrool out there we 


were trying to develop an airplane that would operate abo.re 100,000 feet to 


give us two minutes of zero G in an erwironment that you neede:i a ,Iressure 


suit on with a sidearm control , very mtx:!h like a SJB.Ce capsule an:i we took 
f. ~r ;'_-


three 104As arrl put a 6,000 pourrl thrust; engine in the tail aoo we equippe:i 


the airplane with two ports on the top and bot tom and each side of the nose 


arrl one in tre top arrl bot tan of each of the wings where we use:i hydrogen 


per(J)Cide reaction controls with the sidearm controller because men you, in 


a typical flight in the NF we would accelerate out to oh, roughly mach two 


at 41,000 feet on the afterburner er:gine and ignite the rocket engine an:i go 


out to 2.4
1 


pull 4 Gs to 72 degrees arrl then as you went through about 65 -
~ 


68,000 feet the afterburner bl'ow out on the J79 engine on the 104 an:i then 


you'd have to watch your tailpi:r:e tanperature, cane back on the throttle. As 







• J 


you went through about 78,000 feet you would start 01el"-temping and you 


would have to shut tre J79 down an:i the rocket engine would take you on 


over. We got the airplane up to 118,000 feet. Now W1en you go through 


roughly 100,000 feet in that attitude if you do nothirg, see as you go abo,e 


100,000 feet your aercx:iynamic controls are no gocx:i a.oo so tre airplane will 


go right up there an:i fall back in tail first so what you do when you start 


caning this IBY, you rotate your side arm controller roping tre top 


thrusters, hydrogen peroxide thrusters on the nose an:i tha.t will rotate the 


Jairplane say if you have them open for two secon:is, it start5 rotating the 


airplane about the CG. If you do nothing the airplane will sit there an:i 


rotate about a CG all day but v.hen you reach the attitude that you are 


aiming for when you open the bot tan JX)rts tre same length of time you had 


them open at the top and that stops the airplane there. You can control it 


laterally, directionally an:i longitudinally. You keep steppirg this thiQs 


down until you cane back into the atmosphere at 100,000 feet and then cane 


back down through 40,000 feet an:i relight your engine because the win:i 


blowing through tre intake will windmill the engine.tmd ~n this rarticular 
-:::. 


accident we were trying to establish at what altitude would we get 


aercx:iynamic pitch up because the 104 will pitch up at angles of attack ab01e 


30 degrees because of the T tail and we were trying to establish at what 


altitude would this aercx:iynamic pitchup be eqml to the thrust on the top 


hydrogen peroxide rockets and ~ ha:i anticirate::i it would occur at about 


93 , 000 feet. I made a flight that morning with full pressure suits, full 


pressure suits very much like tre astronauts wore, an:i I made a flight that 


morning to 108,000 feet at 50 degrees angle of attack, and could 01ercane it 


with tre hydrogen peroxide rockets an:i then I kept tre suit on because you 


get pretty sweaty inside of a suit and went back up after lunch an:i went 


o,er tre top at 104,000 feet at 50 degrees an:i ende::i up in a no-wirr/ 







corxiition. The airplane set there and I had both thrusters open on top and 


I couldn't get the nose down s::> tre airplane went back flat, erxie::t up flat 


at 104,000 feet and frcm there on I made 14 flat turns to irrJJ:act; the 


airplane did, I didn't. The reas::>n we were in such deep trouble was because 


being flat, the engine RPM wound down and we had no hydral ic pressure, not 


even the 8,000 lbs. Consequently, it locke::1 up all of our flight controls 


because it v.as an irre.rersable systan. As I tried at 34,000 feet, I pop~d 


the drag chute which came out arrl righte::1 tre airplane, droppe::1 the nose, 


and as we went through 180 knots the shear link on the drag chute is 


designed to fail s::> at 180 I release::t the drag chute but the engine RPM was 


«I zero and the hydraulic pressure was 8 zero and the leading edge of the 


horizontal stabilizer was full down became that's where it locke::t. The 


airplane pitched ta.ck flat in less than two tenths of a secorrl and frcm 


roughly 34,000 feet it didn't even turn, it just fell flat at 100 miles an 


hour and at roughly 11,000 feet abo.re the ground I decided me and my 


airplane better part canpany an:i s::> I ej ecte::t. Now ~ use,.{ a rocket seat in 


the NF-104 that gives you about 100 mile an mur straight up,am abeut ~n 


..f.ea~ I pulled the D rir:g an:i the canopy went an:i the rocket seat blew me 


out. Well, the airplane is falling at about 100 miles an mur s::> tre seat 


gives you about 90 straight up so you' re sus~nde::1 there. Tre ty~ of 


chutes that we wear the back racks that we wear have qLE.rter bags on the 


j canopies. 


The quarter 


That's for high s pJ:f ejections, where we cane out at 400 knots. C> e 
.,.,....,_ 


bag on that canopy, until the pilot chute pulls that quartejr / 
\1/ 


bag off the canopy, your canopy, if you didn't have tre quarter bag it would 


pop and would probably split and fly into a million pieces. The quarter 


bags keeps it reefed until you gradually slow down arrl it o~ns gradually. 


When I ejected r-o.ughly w:is-susi:.ande& two tenths of a secon:i or two secon::is 


after you leave tre airplane a timer cuts your ~ stirrups on your leg 







.. 
v 


J restrainers on your reels and rleases your leg fran the reat arrl the lap 


belt blows open arrl a butt kicker kicks you out of tre reat. The seat ha:i 
H [ 


rotated when it came out of the airplane roughly like this and kicked, down. 


I'm fallirg after the airplane am tre reat, I felt the F1 release go on my 


./ parachute but the ~arter bag was OI er the canopy and the i:arachute just 


streamoo and until you get up to about 60 miles an hour tre pilot chute 


won't pull the qrarter bag off the canopy. So I'm sitting thre in a goa:i 


position falling straight down. I have a pressure suit on, it's 


pressurized, but the reat fell and became entangled in the shroud lines of 


my canopy an:i by tre time I had fallen far enough to pick up 60 miles an 


hour to pull the qrarter bag off the canopy then the canopy p::>pped and that 


threw me like this an:i tre seat came down through tre shroud lines an:i hit 


me on the face and busted all the goldfish bowl off my µ--essure suit helmet 


and what hit me was the rocket, tre em of the rocket on the back of the 


seat and it's burning, and being in 100% cxygen atmosphere tre thing 
7/0CJJ11/9 


J deposited Wfrf'ffl-propellant on tre inside oys my pressure suit arrl all my 


seals began to burn and fortunately, men the thing hit me it cut my left 


eye down and my socket filled with bloa:i ro tre flame didn't hurt my eyeball 


but I got quite a bit of skin work on my neck and sooulders. The only way to 


shut my cxygen off was to raise the visor on tre µ--essure suit, what was 
h/Z.({~IZ-11 


left of it, to shut off the ax: ygen in the fBPboid: kit. So I went through 


this little exercire becaure I couldn't see because there was so much smoke 


and flame and by the time I got to the ground I had the visor up and shut it 


off to where I could see a little bit out of one eye an:i hit the grourrl, an:i 


that's basically W1at happenoo. Just a matter of luck and one of toose one 


in a million accidents. Tre film itself was taken fran a 16mm camera 67 
As kur11. 


miles away fran the airplane with an gsoam:r tracking sys tan, automatic. 


This accident occurroo on December 12 or 13, 63, arrl gives you an idea of 







their camera tracld.ng capability e-, en in those days so if you run it through 


I don't lrnow if it's sourri or not, is it, Bob? You get an idea of what a 


F-104A, built by Lockheed, looks like canµi.re:i to the NF-104. We put a 


6,000 pourri thrust rocket engine just about the J79 engine in tre tail. You 


can ::Ee we ec tended tre wing tips 24 inches in order to told the hydrcgen 


peroxide thrusters on tre top am bot tan of the wir:g tip it self. 


Incidently, I was the first military pilot to fl.y 104s. That W3.S my test 


program in 1953. That airplane has been arourri a lor:g time. Lockheerl did a 


very good job with it. There you see the hydrcgen J:Brcxide thrust. Just 


stick your finger in that little hole am turn it. Incidently, those, the 


way~ used pure 190, roughly 95% hydrcgen J:Broxide, ~ did on the X-1A and 


the NF-104 for those thrusters. Wha.t you do rm hydrogen peroxide liquid 


across the catalyst crystal, it can be either silver or platinum screen. It 


decanposes when it, tre peroxide decanposes it ec pands roughly 1,000 pounds 


in volume and gets up to about 1200 degrees and turns into a very hot steam. 


j 1/ W,tJl-
As a mattr of interest that's what we af"C usir:g on the Bud~iser rocket car 


last year at F.dwards;when we got the car up to roughly 739 miles an h:Jur we 


were using tre same syste:n on that car as tre propulsion syste:n, getti~ 


roughly about 13,000 pounds of thrust out of a little tiny engine. These 


thrusters on the NF104 put out roughly 500 pounds of thrust in those little 


old chambers. We rad two of them on the top am bottom and each side of the 


nose. Of course, tre top am bot tan of each wir:g tip. There you can see 


the thrusters on the side of the nose itself. There you see the rocket 


engine ab01e the tail. The J79 roughly puts out 10,000 pounds of thrust 


without the AB, 15,000 with. Arri you get the additional 6,000 out of the 


rocket engine. We have about two minutes out of the rocket engine am of 


course, unlimited out of the J79 when we burn JP-4. A suit such as this is 


gocxi in a canplete vacuum. It's basically the same suit the astronauts wore 







on their Mercury and Gemini flights. Before you get in an airplane, 


normally checkout tre suit for leaks arrl that's what they were doing with 


the face µi.ece down. I don't know wiy they have t:o smw all the ~ople 


standir:g arourrl looking arrl gawkirg but that's the way it is. Use that bac 


that's rooked into you with an umbilical com is uslElly liquid acygen 


that's evaporatir:g t:o keep you cool in the suit because the suit doesn't 


./breathe,, We ol:N iously could have used an electric driven hydraulic pump but 


we didn't have any such thir:g in the 104s. You take off normally with the 


afterburner running on the J79 when you get airborne and get the gear up you 


cane out of afterburner and just use the mill power t:o take you up t:o about 


35,000 and then ignite the afterburner and accelerate out. See the lor:g 


nose boan with the yaw arrl pitch vane on the nose itself. You get an idea 
1. 


of/\ rocket engine running. Kinda leave your chase plane behind. 


Incidentally, that rocket engine burns JP-4 arrl hydrogen peroxide. This 


film here, the airplane is up, here we pull up but the film v-tiere you see 


after the rocket engine burns out arrl then I'm holding full nose peroxide 


thrusters open t:o push the nose down, that airplane is roughly 60 some miles 


away fran the camera arrl it is amazing what gocxi c01erage it got. I've 


never seen this thing all in its entirety but they ol:Niously got a bunch of 


stuff in it that have an awful lot to do with the flight. A lot of times we 


dead sticked the airplane in on the lakebed when we couldn't get an er:gine 


started. Sanetimes the igniters failed which a lot of you maintenance types 


are familiar with. Cn a normal flight with the 104 you'd touch down around 


145 lmots with blow air on your flaps, without it 170 and when you deadstick 


it in you touch down around 220. Bob, is this the one that has the accident 


on it. You sure? Paul Mathes was up there on one of the flights in the 


cockpit. Now you are loold.ng at the airplane at 180,000 feet. There's the 


hydrogen peroxide. I start out with thrust tryir:g to get the nose ----







down and then I open it up canpletely until I run out of hydr~en i:er(l){ide. 


Here you see the airplane beginning to rotate to tre side. It's hard to see 


and really, in fact it's not gocxi quality film because it's been reproduced 


so many times. But you can see the airplane spins quite flat. There you 


get an idea. It's typical of a T tail airplane what hapi:ens v.hen you pitch 


0ver 30 degrees, the wiQs blankets out to flow to the mrizontal stabilizer 


which is on the T tail and that's one of the i:roblans of that design. As a 


matter of interest, what you nee1, we use1 to spin the 104 a lot and when 


you get the airplane in a flat spin you nee:i about 98% eq1;ine RPM with the 


engine turne:i up like that the gyroscopic effect of that big engine in the 


little airplane causes men the airplane rotates flat to irecess the nose 


down arrl trat' s the way you reco.rer. But we ha:i no engine in this flight. 


You see the drag chute cane out arxi right the airplane but it flipi:ed tack 


f1.at when I jettirone:i drag chute. There's a drag chute and when it 


jettisone:i it goes back f1.at and then you see the mountains go by. You will 


see tre puff of smoke where I ej ecte1. There they cane back arrl get the 


chute. That film right there is almost 20 miles fran the camera. That's 


about all you will see. Might as well turn the lights on, Bob. 


Looks like when you left the airplane, it got out of a flat spin and heade:i 


straight down. 


No, the camera is almost looking straight at it. It's falling straight 


down. The cameras on the grourn roughly 20 miles away fran the impact. 


Question ( unable to rear on tape) 


You've got a lakebed, you don't ground loop on a lorg runway like that. No 


it was directionally very stable. Bob, is it OK to knock it off now? If 


there's no other questions, thank you very much. 







Thank you again. We apprECiate it very much. Thank you for all caning this 


evenir:g an:i tre suite will be open for those of you who would like to 


imbibe. Thank you. 
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