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THE AUT~IOTIVE I~$USTRY 

Colonel Jordan and Gentlemen I am glad to have 
the opportru~mty of belng here. I have no prepared lecture 
to gmve you. I thought I m~ght tell you that we apprecmate 
the problem you gentlemen have mn thms armament busmness; 
and that mt mlght be of mnterest to y~u to kn~ why we got 
the way we are mnsvead of some other }~ay. 

Our ~rhole busm~qess ms bum!t around the mnternal 
combustmon engmne. The motor car; the acroplane~ and all 
of the types of thmngs that we bumld start w~th the gasolmne 
engmne. Therefore~ what you can do wmth any gmven type of 
thmng depends on the econommcal type of p~rer that you may 
be able to use~ 

The hlstory of the development of the gasolmne ~gmne 
has been brmefly thms [e started out wmth a large smngle 
cyllnder englne wmth heavy recmprocatlng parts; and mn most 
cases steam engmneers dmd the ormgmnal desmgns. It roof us a 
long tT_me to come down the road before we began to realmze 
that a thousand feet a mmnute pmston speed was not the best 
thlng for a gasolmne engmne~ because the nature of the ex- 
plosmon, the expansmon of the gas~ etc. seemed to work 
better mf we let them turn a imtt!e faster. ~{e also found 
that there }~as a very defmnite practmcal !~mtatlon to the 
szze of a pmston. I am gomng to just touch thms now and 
then I wmll come back and tell you ~at we found out about 
mt. Around three or four mnches of bore was about the 
practmcal place to stop for two reasons fmrst; the wemght 
of the recmprocatlng parts~ and second~ that the sensitmvlty 
to varmatmons mn fuel goes up as the dmameter goes up, 
Therefore~ the automotmve engmne ms a famrly small bore. 

follmred for a long ~lle the fantasy of the 
so-called small bore; long ~troke engmne. J{e ~ent to Europe 
and listened to the proponents of the small bore~ long stroke 
engmne over there. The effmcmency experts came mn~ and they 
got the thermodynamlc fellows to ma~e a calcu!atlo~ to show 
that this was the most effmcment way to make an engmnej but 
sore of us dmd Dot belmeve mt so ~re made a serles of four 
or flve englnes mn ,~mch we made the stroke as long and the 
bore as small as ~e could get mt on one smde and ended up 
on the other side wmth the bore a Imttle blt bmgger than 
the stroke. Then we samd "There ms somethmng else back 
of thms besldes efflc!ency;,, because thore ~msnlt any 
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dmflerence mn these thmngs - that ms~ there were advantages 
pro and con. Then we went over to Europe and fznally ±ound 
out that the reason ~ey r~ade small bore~ long stroke engmnes 
was because they taxed themr vehmcies on bore but not on 
stroke, so the 3ess bore they cou3d use and the more stroke 
they could get~ the ~owe~ the tax, That ~as the thermod~u~anmcs 
back of the engmneermng. In ~e last few ~ears ~e have been 
shortening up our s~rozes end makmng the bores as large as 
• s practical due to the conbustmon charactermstmcs. 

As to th~ horsepo~er, the ho~sepo,~er per cylmnder 
for praetmcal op~ratmng condmtmons ms a preity ~rell fmxed 
±hmng. ~o~ can take four or s~x or emgh% or ten or ~ dozen 
cylmnde~s or any~hzng you ~mnt. ~hen mt comes to the 
questmon o~ the types of engmnes that ~e make, the four 
cy!mncer engmn~ hos gone out very largely~ not on acco~u~t 
o~ m?~ not bemng a good ongmno but because oi the fact that 
there ms a second~ v±bratmon zn there that ms twmce the 
engmn~ spe ~d and you have to put some gadgets mn to take 
that out s~d they co~t ~ust about as much as do mor~ 
cylmn@er~ or ~he engine. Consequently~ the automoom!e 
cn~mn~ ~ is up teeny w~tb the smallest n~,~ber of cyl~nCers 
be~n~ s~. Jhen you go from there on up, agamn ±t ~s a 
question o~ the ~ount of po ~e~ you ~ant and ~hat the past 
hmstory of your p~rtmcular manufacturer has been. ~hether 
he wants ~ a V8 or a L~ne 8 or th~s or ~h~t or the other 
th~ng does not make very much d±ffercnce one ,~ay or the 
other Ly ~hat mctho~ we have been ~ble to get our engmnes 
un mn cf~mc~ency and do~a~ ±n ~emgb~ snd smze~ considering the 
cor~rc~ al appimcatmo~s ~hmch they h~e to fmll. 

In order to build a motor csr today that sells 
r~ taml ~or ~600.00 you must have quantmty. Consequently~ 
tn< specmf!c toolmng o£ an engmnc becomes a very important 
thlng~ also the checkmng of every dctaml of it so tba~ you 
know mt ms rmght. I ~agmne mt costs an~rhere from t,~o to 
flve m11]mon dollars to bumld a ~ct of tools for an ordznary 
engmne~ and~ of course~ mf you are only going to make a couple 
of thousands of them that is foolmsh. Once In s whzle ~e 
get mnLo the tren@ ~here our fello~s get ~rhat ~ call "toolmtzSo" 
In othsr ~ords~ they calmot make anyth±ng ~rm~houl s lot of 
tools. ~md yet~ on the other hand~ mf you are gomng to make 

lot of englnes you cannot alford not to do that toolmng 3ob, 
IVhen you do go mnto e hmghly mntcnsmv~ toollng job your tests 
a~d cv~rythmng have to be beyond a question before you 
c17stalhze that desmgn. So mt is ~ell zf you can have a 
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re{ engines built the year or so before~ fifty or a hundred 
of them, and run them under all conditions and get everything 
ironed out fmrst so that you do not take any chances ~en you 
do crystallize your tooling, You have to kn~r pretty~ll 
ahead ~at you are going to de before you can go ¢nto one 
of bhese very large tooling programs, dhen you get that 
the cost el your particular article comes down immensely 
because there is no fmllng and llttlng or anything llke 
that. 

N~v from your ~andpolnt it se~ms to me that one of 
the things you gentlemen l~ve to figure on ~n mobilizing your 
type of transport is to i~n@ out whether or not you can use 
stsndard p~rer plants. One of the most important things in 
picking out any vehicle is ~ether or not you can get any 
standard pmrer unit for it. You have to have special 
machines~ we reellze that~ but there are ~ lot of them that 
do not have to be special, ~e have exactly the same thing 
in m~mfac~urlng. ~e nmy be able to use fifteen standard 
machines, but ~re have to have one very special machlne to do~ 
say some particular type of broacblng operstion. If ~e kn~r 
w~ are going to have to do ihms parbmcular type of broaching 
operation we can study the thing thoroughly and may be able 
to bring the thing up to that point on standard machines. 
If ~ e start hcre on this special machine and ~rk back we 
may have the v~hole ten of them special. All those things 
have to be gmven conslderat~on. That is~ v~at ms the most 
high production standardized unit that you can use and still 
not sacrifmce your final result9 I sm going to be just as 
positive as you fell~rs could ever be that your final result 
is the important thlng. Hsvlng established what that final 
result ms~ then the thing is to go back and see hc~ we can 
get that ~th the least possible amount of trouble and 
difficulty all the ~ay along the line. 

,re used to make a great m~my special machines in 
the motor industry - for mnstance~ special milling machines 
might cost %re hundred thousand dollars apiece. Thst ms 
gore nov~ because ~re found thst if ~ engineered a thing in 
a certamn ray we could use standard machinery and i£ ~e change 
the design next year or the year after ~re still have the basic 
part o£ the rmchine and can make specla] tools to fit on the 
standard machine. ,[e found that thls thing happened quite 
often: ~e ~rould order some of the these vet 3. special mschlnes 
and before they ~ere built we vrould change the model and iv 
~vas not an uncommon thing to scrap r,achines that were not 
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qt~Jte fmni~hcd. Because th~ tool m kez got into some trouole 
and the tool ~eslgner changed his mind and the thing got 
delayed s little bit~ ~t ended up by the model having gone 
out of production ~hen the special machines built for last 
year's moc~el ~e~, ~ot quite finished. That ~as a ~ry good 
thzng because thst brought be mmnd the importance of considering 
thms thing from th~ s~ondpom~t of owrall utmlmzc~ion~ because 
if you sczop this couple of hundred thousand doll~r machine 
zt ms oust as much tool cost ~s mf you h~d ma@c it a~d used it. 
go they ssmd "Look he,, many good n±l]ing mschzncs~ dr~!is~ 
hovers; , nd this ~nd th~ t you could have bought for this 

smount of money; sad maybe il yo~ bad uoed your head s little 
bit you coula hsve passed tams thing do~m here and used the 
st ndsrd ms chine,y ,ruth special oquzpnent snd gotten as good 
results." That ~s not a rapmd transitmon~ he ~over. It did 
not oast drop off the clmff~ but mt hsp)~ned over a long 
Formed o~ thmma~ so that ~e are now getting a modulated 
characteristic bet~cen the ¢ery specmal ~achine ,hicb you have 
to ra~e to do something sp9cmai and the perfectly s~sndsrd 
appar ~ tus. 

~fell~ you h~ve the sar~c ~roblem. There sr ~ a certain 
number of our standard vc hieing, I ~a~inc~ that you could use. 
Th~ cost~ of course~ ms going to be very much io ~er if you can 
use them. For the special vehicla~ I think that if I had 
your job I ~rould not go to one of these big mass production 
organmzations and ask them to maPe me a fe~ hundred or a few 
thous~md of s specmal thing. It seems to me the best thing 
to do is this If you had to buy a thousand periectly standard 
trucks of some kmnc ~ that you ~ant to make special you could 
afford to buy those perfectly standard and then go over here 
to soma smaller concern ~hmch has a good job-shop sense (by 
that I mean c fel!ov~ ~ho knows he ~ to got things done ~mthout 
spending all the moncy zn the ,~orld for tools). That fellow 
c~n ~ak~ the modifications~ put a near transmission mn or 
hatever you amy ~ran~ done~ and do mt in a much shortez time 

and at rluch ImJcr cost than you cou!~ ever got it run thr~gh 
thc Isrgcr pl~nt becousb the larger pl mt oust ms not fitted 
~p for mto Those g, :~d up orgsnizstions you see do not have 
ony i~ventory. In a grist msny of our pl~nts the Inventory is mn 
%h~ freight csrs - the ~rt~rmal coming mn ~nd the fmnmshed goods 
inventory 2omng out. The ~hole thmng ms tmTcd so thst the cars 
csrrymng ~ctcri~l todey ~r~ pushed ~p ~lon~ side the building 
and the m~termsl is unlosded out of ~he cel s rmght into the 
machznus. They cell thms "cross current operatmono" Here 
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you sro unloadmng flat stock~ over here youaro unloadmng sheet 
steel~ and these matermals go stralght through the machmnes 
and are louded on to snother car on the opposlte smde of that 
operation and sbmfted to the assemblmng plsnt. There zs a 
tmmmng of the cars comlng up, and of everythlng else. N~ 
mf you asl ~ that fello~ to make two or three special pmeces 
hc has no one to mske them - he has no m~chanmcs mn that 
sense of the word. You ~ould have more chance of gettmng 
body chs~ges made by gomng over here to one of the good 
s~reckmng garages mn Wssh~ngton that hss been used to 
repamrmng bodzes. They could put something on ther~ very 
nmcely for you~ but zf you went to a factory they Dust could 
rot do mr. 

The best story I have on that concerns a frmend of 
mmne who at one tmme bought a lot of hmnges of a certamn 
kmnd. The standsrd hmnge~ I thlnk~ had four holes mn mt 
and he wanted some ~th three holes. He ordered the three 
hole hlnges - 3ust these ordinary strsp hmnges. He dld not 
get them for a long tmme~ snd when fmnally he dzd get them 
they chsrged hmm about four tmmes as much for them as they 
chrrged for the regular ones, and of course my frmend ble~ up. 
The fel~l~ sand: "Ny God; We had to mske all of those hmnges 
by hand. v~e hsd to carry them through untzl the place ~rhere 
~e punch the holes ana then ~e h~d to mske a Imttle jmg to 
punch the three holes." My frmend ssld: "I ought to get 
the hlnges che~tper wmth 3ust three holes mn them mnst~ad of 
four. If I had kno~aa therG would be that much dmffmculty I 
could hsve used the four hole hmnges." 

~Tnen you come do~a~ to specmal apparatus none of 
the thmngs I am te!Imng you has anythmng to do wmth the 
smtuatmon. ~hen you get to the motor, as I say~ you hove to 
select the klnd of powerj ctc.~ that you want. I am talkmng 
about the motor vehmcle run on the grOUnd. The transmmssmon 3 
axl~s~ tmros~ and thmngs Imke that you have to have specmal~ 
but the more of the standard equlpment you can use the more 
ava!leble mt ms mn quantmty and mn an emergency you can get 
mt more qa mckly. 

fe were ~ust talkmng do~wn at the offmce about the 
setup that they have mn Germany. I just came back from there 

short tmme ago. ~Jhat they dmd, and I thmnk mt ~as a pretty 
good ~ay to do mt~ was to set up thoore~mcally (as from your 
end hc re) ~rhat they ~ou!d imkc to have. Then they sand "?~e 
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need X thousands of thins type of vehmcle and what we ought 
to ~o ms to proportion that out so n~ny to thms automobmle 
company~ so many to that one~ etc." But~ when the boys got 
the specmfmcatmons they samd. "Don't do that. We can ~mke 
you t~ms many st~mdard vehmcles for th~s amount of money~ 
fhat fou had bettez do ms to have thms concern over here 
msKe all of yotropecmal ~ehmcles ±nstead of sp]mttmng the 
work up. ~{e wmll ~mke all of the standard mat~rmal we can 
for ~hms partmcu!ar car." Then they found that by changmng 
slmghtly a co~mrcmal tyne of vehmcle mt could be made 
avamlo~ble mn case it was needed for ~ very defmnmte purpose 
and all of the specmal stuff come from one place. ~[ell; that 
helped~ and they got mt very nt~ch cheaper and very much 
quicker. 

No~ when you get to the mobor~ the axle~ and the 
bo~y u~ml~tmes, those are very specmal throngs; but - I am 
talkmng no~{ about ~he automobmle~ of course - mf you can 
t{ke the standard units as they are turned out today that 
ms by all od~s the qumckest way of gettmng delmvery at the 
!o~est possmble prmce. 

I nlght tell you wbat has happened lu the commerclal vehlcle 
bu~in~ss because mt has heel tills very mntere~tmng trend 
fz~e or Lcu years ago thins questmon of the heavy duty truck 
wa~ quite an mmportant thmng. ~ man used to p~y a hmgh 
prmce for a truck and then overload mr. That ms one thmng 
you c ~n ~Ivrays be sure ms gomng to happen to any truck. A 
man psys flve or smx thousand dollars for a truck~ overloads 
mt~ bleul s a~ axle~ and comes back and kmcks to the manu- 
facturer about mr. So they kept makmng these truck~blgger 
and stronger~ not ~eal~zlng that the fellows could always 
overload them. ~lell~ along came the Ford~ Chevrolet ~ype of 
t~l~CK that sold for just about what one ~Jheel of the blg 
truck sold for and the net result of mt ms that there are 
veiuf ~ very few of t~e large trucks msde any more. You may 
ask- "Donlt they ove~load the Chevrolet trucks~ the Ford 
trucks~ and the Dodge trucks ~'' Cert~mnly they do. If a man 
o~erloads hms t~uck end breaks ~he ~xle he comes back and 
k~ i ~ to the fello~ ~ho sold it to hmm~ but the fellow says 
"Holl~ you ove~loade~ it" - and the ~an goes and gets a new 
one. He can do thms beczuse the amount of money mnvolved 
~otld buy very llt~Ic of the bzg truck. That ms the ~ay mt 
ha~ ~or] ed out. The dziference ms ~mp]y thms" ~ere }~e used to 
m~ke ~n a yea~ t~enty-fmve or thmrty thousand on~ or %~o ton 
t~uc} s I mmsgmne ~ha~ Ford~ Cbrysler~ snd General He?ors no}~ 
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produce between fou~ and m x hundred thousand oZ them. I thmnk we 
make about two hundred thousand trucks mn Chevrolet, and I 
~magmne the Ford and Chrysler organmz~tmons do about the 
same. Thms ms the reason tm~t happened - the prmce ~as so 
I~ they ~ust took those trucks and mf necessary replaced 
them, 

I mentmoned the smz~ el n~ pmston mn the engmne. 
That brmngs mn the velly mmportant questmon of fuel. The 
bmgoest thmng that has helped our mndustry ms the ~ork 
that has been done on fuel ior the past ten or fmZteen 
yea~s. I started work on fuel back in 1914 or '15 and it 
ended up ~mth Ethyl gas. The thlng we ~ere trylng to do 
was to get r~d of thms so-called spark, carbon, and compresslon 
knock. The knock ~as not due to any of *hose ~hmngs, mt was 
due entmrely to the fuel. In any gmven type of motor that 
you have you must be sure that you get the thmng pltched 
rmght. That is partzcularly true mn slrcraft. ~ have been 
able to jet up ~o ~bout a hundred octane n~ber ~n commercial 
gra~es of amrcraft fuel, ~hmch means that ~e are n~ ab]e 
to push the horsepower of these moto~s up~ especmally the 
take-off horsep~r, ~ay above any~hmng ~e ever thought of 
dozng. Of course s as you can push the comDressmon of ~ese 
engznes ap the overall economy of them comes up snd~e are 
getting economy today ~n hzgh compressmon amrcraft that ~s 
almos~ as good a~ the D~esel engmnes. In fact, ~f you get 
compressmon rztmos up to ten and one-half to one or one 
hundred smxty pounds compressmon pressure those engmnes wmll 
gmve you just about the same effmcmency zn pounds of fuel 
per aorscpm er as the Dmesel. 

A very mmportant thlng~ mt seems to ~e~ in all 
dlvlsions Oi alr transport is sn apprecistion of v~hat you 
can do wmth the present type of thmng~ slmghtlymodlfmed, 
mf you get better fuels. ~en ~e were talkmng about emghty 
oc±a1~e fuel a number of years ago everybody thoaght that was 
too hmgh. ~le have gone from emghty to a hundred. So ~e see 
the fuel mndustryhas stepped up to that one. I am perfectly 
sure that for a lot of your ~rk you could get specmal fuels 
up to one hundred twenty octane ratmng~ v~ich would mean 
that for speclal types of services you weald modzfy slmgbtly 
the eompresszon rstlo of your present avlatmon motor and go 
a long ~my toward produclng a n~ result. The gaso!mne 
englne today can be produced to ~eet al~ost any of these 
r e qumf ement s. 

In the automo~mle ~¢e trmed to keep the pmston small 
because you can have a ~der varmatmon of fuels ~th the 
small pzston ~thout gettmng Into trouble than you can if 
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you have a large one. In aviatmon ~here you have to have 
large horsepower engines and you here to accept the larger 
pmsto~s~ then the questmon of modzfmcatmon o£ fuel becomes 
an ~rcreaszngly important th~ng. 

So rauch of the gasolmne phase of mr. 

The Diesel ms becoming more and more mmportant all 
the time° fe have been playing around wzth it for a n~nber 
of years. There has been ~lore talk sbout Dmesel engmres 
and less done about them than snythmng I know of. Here ms 
±he dmfference between a gasoline englne and a Dmesel englne 
so £sr as engmneerlng factors ~re concerned The explosmon 
pressures in a Diesel engine are about fmfty per cent higher 
th~n they are In a gasoline engine. ~ell, right away you 
bare to maku your connectln~ ross blgger~ your b~ar~ngs 
bigger, end ~he same n~iber of cylmnders are bound to be 
bigger. If you took lwo engmnes of exactly the same horse- 
power the ~¢emght of the Dmesel goes up enormously if you 
accept the present type of four cycle desmgn. As you make 
~our conn.ectlng rods heavier and your pmstons heavmer you 
arc slowmng your machine down, whmcn moons you nave to make 
it bigger, which means you lave to llake mt heavier, which 
me~.~s you have to run slowez. To get a Imght-welght Diesel 
englne you cam ot just take a gasolmne engmne cyllnder block 
off and put a Dmesel englne cylinder block on. I~any 
cor~nercisl fel!ov s ~ sh they could do that. Ther~ h~s been 
very much more money spunt on that ~,~shbone t~qoe of engineerlng - 
tryln~ to ~sh a Diesel cylinder block on a gzso!mne crankshaft - 
?ham in trying to solve the problem~ simply because sone fellow 
s ~ys "Tber~ must be some way of clo~ng ihat." ~ell, there ms 
some ~ay of doing mt but mt ms not that ~ayo That ms your 
f~rd~mental dlfimculty right the~e -you are bound to r ceept 
those hm~he~ pressures. There may be some ~ay around that~ 
but up to #he pre~eno t~e ~re do not knot ~hat that way ms. 

Concerning our ramlroad enTmnes, ,hat ~e elected to 
do tn~re ,as to make those a pecullar type of %~o cycle engine° 
The t~ro cycle eng~_ne has a bad reput~tmon sll over the ~orld, 
ooth gasoliz~e end Diesel, Dieoel es ~ecmally. Of course, the 
l~,zgcr DLesuls they have to m~1~e t re cycle for the same reason 
that they have to rale ~h3 l~tle ones two cyele~ but the~e 
aru r~ore conversatmonal ressons rhy ~ ou should not make them 
t ~o cycle ~hen they are small. It ms nether case where ¢/ae 
f~iLo~ s try to follo~ the r, mss production Ideas too far. ~e 
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have exactly the same thmng, A fello~r says "I ~rant you 
to take the gasolmne engzne out o£ thms truck and put a 
Dmesel engmue mn mrs place., You can~!ot do that. However; 
m£ you make a Dmese! truck you can take the Dmesel engmne 
out and put a gaso!mne engmne mn. That works all rmght; 
but you cannot do mt the other way around. ]~at ~re elected 
to do ~ras to make a pcculmar type o£ %{o cycle engmne. 
Our type ms nothmng more than this ~en a pmston comes 
to%he oottom o£ a stroke mt opens a sermes of ports through 
whmch the n~ amr can come mn. There are four valves mn 
the head ~rhlch ere exhaust valves and the amr ms bl~{n 
rmght stramght through. Thms ms ~at ms knovm as the 
"Unmfl~{', type. When that ms done the valves are closed. 
Thele ms no 1~mxture to become mnvolved in a Diesel engmne; 
nothmng but rmr. The fuel ms mnjected; burns~ and the 
pmston goes d~m agamn. If you open your exhaust valve 
so you get a shot every revolutmon you get theoretlcally 
twmce ss much horsepo~er out o£ that cy!mnder as you ~uld 
mf you take a shot every other revolutlon. The cynlc says: 
"Yes; theoretmcallyyou get 9rzce rs much horsep~rer.,, I~Ii; 
przctmcally; we get a imttle more than tvrmce as much horse- 
po~er; for a very defmnmte reason. Here ms an mnterestmng 
thmng about that. Thls mnjectmon problem ms the mamn problem 
mn a Dmesel engmne. These railroad cngm~es are qulte largej 
emg~t mnch bore; ten mnch stroke. Say they are rur~imng 750 
revolutmons per mznute - they would be runnmng %~ce as fast 
for 1500 revolutlons~ and your mn3ectmon pmston speeds~ and 
everythmng else }%ould nave to go up. By gomng to a 9{o- 
cycle engmne~ these speeds do not have to go up s b~t to 
double the number o£ explosmens; because the pmstons are 
runnmng up and dovm no faster at 750 tskmng a shot Gvery 
revolutlon than they do takmng a shot every other revolutmon. 
The rete o£ mn3ectmon ms exactly the same. ,ve wele aole to 
get the ~remght d~m to spproxmmately thst of a gesolmne 
engmne by that method. H~{ far you can carry that d~a% I 
do not kn~{. ~ are experlmentmng wmth mt dovm mn the l~er 
s~zes. H~,ever; the thmng can be done that way. On the 
rsmlroad ~ey say "~ are able to get qumte large engmnes 
mn a raLher small spsce." 

The problem you have mn the Dmesel engmne ms the 
same problem that you have mn the gasolmne engmne - fuel 
avamlsbmlmty, Thst ms; there ms 3ust about as much vsrmatzon 
mn ~he fuels for Dmesel engmnes as there ms mn the fuels for 
gaso!mne engmnes~ because a lot of that varmabm]mty comes 
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from the type of crudes from ~hmch the fuels ~re 6mstmlled. 
Up untml aporoxmmately ten years ago we al~ays thought of 
the engmne as on entmrely separate part from the fuel~ but 
that ms not correct because your fuel ms oust as much a 
part of the engsne as the ps ston pmns or the connectmng 
rods or the crank-shmft or enythzng else. You have got to 
kno~ ~hat kmnd of pmece you are gamng to put mn the tank as 
~ell as ~hat kmnd of pmece you are gomng to put mn the 
engmne. ~Ve started the ~ork of tymng all that together 
back mn 1914. It has been a long 8ob. Even rmght after 
the war I don't thmnk the fuel engmneers kne~ the automotmve 
engmneers. Thes~ two mndustrmes~ each makmng parts for the 
other fello~r~s use~ d~d not know each other. We had trouble 
gettmng together. They sand "If you would fmx your engmne 
our fuel would be all rmght~" and our boys sand "If you 
would f~x your fuel the engsnes ~muld be all rmght°" You 
have heard of those thmngs happenmng. 

The fmrst pomnt mn that research ~rork was to fmnd 
out what belonged to fuel and ~rhat belonged to engmne. Thzt 
~,as the dmfflcult job. The very mnterestmng thmng about mt 
~ras that almost all of the engmne tests up to that t~me had 
been rmde on Penn~ylvanma crude. Everybody had run the 
same test ~mth the seme kmnd of faei and nobody had ever 
thought there ~ras any varlabmllty in the fuel. The f~rst 
shot ~,e trmed to grove the £ello~rs was to she f them that 
th~mr mdeas about ~hat fuel eras ~ere not so at all. Brmefly~ 
here ms the ~ay mt ~s The lower the gr~vmty of the fuel~ 
the h~cvmer mt got and the more knocPs there ~ere mn your 
englne. That is number one. Therefore~ the Imghter the fuel 
the pore volatmle mt ms. They were measurmng the #ho!e value 
of fu~l ~mth a specmfmc gravmty meter. ~e samd "We do not 
thmnk tnEt l~as anything to do ~mtb the smtuatmon." Fmnally 
~G put on thms dcmonstratmon to a group of fello~rs ,'~e took 
the !mghtest fuel~ whmeh is ordinary sulphurlc ether - just 
pour ±t mn your hand end mt eveporates rlght away - end ~e 
sand "If your volat~Imty story ms any good ~hls ought to 
be the fmnest fuel man could sake." However~ an engmne 
can ot be run on that~ it knocks zts head off, mt ms as bad 
a knocker as anythmng you can get. re sand "All we ~ant 
to do ms to prove to you that volstmlmty and knockmng are 
not treed together mn any ,~ay~ shape or form- that mt ms 
only mn the type of maternal you have been usmng~ and you 
can modmfy that to get anythmng you ~mnt." If you go out 
to V~ntura~ Calmfornmaj to the deep sand ~ells~ take some 
crude oml and dmstmll the gesolmne off mt~ you get a 
~t~r±al ve1~ much !mke Pennsylvsnla gasolmne. If you take 
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mater±el from the shallow ~rells a quarter of a male °way 
~nd dlstmll the gasolmne elf you have an entmrely dzffcrent 
throng - one ms about forty octane number end the other is 
about seventy-fmve~ That ms the fmrst tame they began ~o 
notmce thst there ,as a dmff<ronce mn thms very mmportant 
charactermstmc of fuels, le ran mnto mt at fmrst. I hod 
been ~orkmng on these fuels to some extant durmng the war; 
~,hen we wore csked to oct as fuel consultants for the 
w'~rmous ~ctzvmtmos down here. ~en ~,e rccommende± the use 
of Colmfornma gasollne for amrcraft~ whmeh was the qumckcst 
thzng we could do; everybody somd "Those boys hove stock 
mn the Celmfornma oml wells., Even os late as 1919-£0 the 
questmon of ontm-krock dotonstmng charactcrmstmcs or 
gasolmnc had never been iccognmzed at all. However~ we 
began to g~t ante thms antra-knock throng and today mt ms 
recogmzzed as being even more ±aport nt than volstmlmty 
beeouse mt determznes he~ much 1 orsepo~,~er you con pull 
~zthout gettmng into dmffmculty. 

You mmght be mntercSted to know what that 
detonatmon ms~ because the knock you get ms qumte an 
mnterostmng thmng. ~Te have done an enormous ~mount of 
research on mr. Hany of the some boys that started wroth 
me mn 1914-15 are stall on the job. b%at hsppens m~ thms 
The fuel starts to burn mno perfectly norms! man~or~ the 
flame 1,~ovmng at a steady rote through the charge. Then 
suddenly a flame s~srts zn the bsck corner and the rcmamnmng 
unburned charge bursts ante flame~ sccompsnmed by en almost 
mnstantaneous rms~ mn ~ressure. Then mt comes m~ck and 
follows the norm~l cur%e. ~re had speculated a great d~al 

as to ,~hat that ~ss. ,{e hed made all sorts of mnstrumentatmon~ 
but fmnally about t~{o or three year~ ago we got nerve enough 
to tsckle mt mn ~at I thank wss the right way. We sand 
"Letts bumld an engmne wmth a transpor~nt cylmnder head and 
devmse some method of ooolmng mt so Ye can run thms engmne 
at full !o~d s~d look mnto mt whmle it ms runrzng~,, After 
msny or the trzsls and trmbulatmons that you havb mn dozng 
e fool throng Izke that w c  finally found out thst mt ~as 
r~Istmvcly easy %o do - as most or those thmrgs work out6 
fc got an eng±ne that could be run end one could look do~ 
ante the cylmndcr and see what happy,ned. ~rhat you hsvc to 
do there - of course; mt ms 3ust all Icshmng imght - ms to 
get on~ of these stroboscopes~ whmch do not run vhe same 
speed as the eng±ne~ and look through a rotatzng dmsk end 
see that thzng hcpoen very slo~rly. Ho~revcr~ dmfferent 
fellows cannot so~ the same thmng~ and you g~t mnto o 



cortroveisy thcre. Our t~qo~ of cngln~r srgu~s a lot, you 
sce. Novorth~l~ss~ when you get the £octs plnned rmght @ova% 
th~rc is not much s~gumen%~ so you can ~lways tell about 
w~ ~t stag~ of dc~o\op~nt ~o arc in on =my pro~ct by the 
~mount of ~rgumont - s pretty good mndlcstor. Je ssmd" 
"Cou ~ t ke a picture of th~ s %nd get rmd of the arsmment~ 
Lct~s Lsv~ sn zu~nlm~be~ unprqudmccd ~yo look at thms 
th~ug. How m ng pmcturcs ough~ we to take for on explosmon~" 
~ i~ns!ly foun~ out wc hod to tskc o picture sbout every 
t~o acgrc~s of %h~ rot~ b~on of ~hc crrnkshaft, so we went 
to ~Ii th ~ hmgh-spocd I Lotlon plcturc fe!lo~s to see ~hether 
or not w~ could gut a pmc~urc msc~no. ~u had to got 
ro~d fmvc thousand pmct~r~s ~ socond~ ~hmch was stretchmng 

~h~ thing s little b~t for the boyso On~ of thcm said "I 
will ~rl ~ r csncr ~ ~nd A~rnish it for you m£ you will just 
buy th~ fm]J~s~" boesuse in thl ~ quostmon of startzng o fmlm 
~nd getting it up to thor sp~od and stopping it agamn you 
would u~ ~bout fifty tapes as much es you got pmcturcs on. 
He &vur~ lh~t dad not sound practmcal~ so sfter wc quit 
t%l~mng to the fcllo ~s ~ho had been ti~jmng to sell us these 
Lrmck c~cros~ we said "Suppos~ there ~erc not track csmoras; 
he ~ould ~o do mt~" Fmnslly we ccntur~d on this v~ry sample 
method % simply made s fl>~h~l on the cnglne bag cnough 
to com~ up to ~bout the top of the cyllndcr~ we put a mirror 
ov<r the cyllnd<r so the light c~e up ~o the mmrror and wss 
~ofl~ct~d over t~ard the bag flywheel; snd then we put an 
ordmncry photojraphic l~ns mn front of the fl~heel for the 
light to poss ihrough. Th~n ~e got the Esstmon ~od k Company 
to m ~ us forty n~tched l~nsus imk~ you u~e in ° Imttlc 16 
mm C~r~-I<odok~ md w~ spsccd those ~bout two degrees ~part° 

p t ~ o ' r  u llt~]~ csmolas in the fl~-rhe~l~ ~hcn ,~c~t back 
of %u so lops s e~d put e ormsm to t~n it so tha b ght ,ou!d 
fz~l ,~n the fm]~ on the ilDw~h~el. Thcn~ when th ~ngmne ms 
ruP~ thr fl~w~h~el snu~ of cou~se~ th~ fmlm snd over~gthmng 
go roun~ together. It does not ~" r~,~ ~Py ~Iffe~ncc how 
f-~t it ms going. ~cn you so~ the psrtmcular cxplosmon 
you ou!d like to get you push s bu£ton~ mt opcns the 
shut[or nd tokes thirty plctur~s of one explosion. Thc~o 
~s o izt~l~ sp~ c~ mn be%teen then so you csnno~ put them on 

motion p~ctu~ projector; but ~ou c~n t~ke s mormon 
o~ctu~ c ~ ~- , copy mt so you h~o ~t mn ~ ot~on picture 
s qucnco. ~o to]-< two pmctur~s of each one. It projects 
too f~st if we use one on!y~ but mr you ~ko two or three 
u~po~ur~s of ~sch florae snd then pelc o mormon picture film 
up into s Imttle ~inc sml put it in ~ ~otmon pzcture pro3octor 



you csn smt there ~nd ~tch that ~xplosmon hcpptn ov r end 
oe~r ogszn~ ~fter the boys smt thcr~ ±or hclf on hour ~nd 
look st mt they do not argut shy mort becousc they all see 
the srmc thmng st the same tnae. All I can tell you cbout 
thms zs thrt nr~ctmcally everythmng everybody thought 
sbout mt wasn, t so. Of course, mn ~ grest mcny crs~s that 
ms true° 

One of the dmffmcu!tmes when ~ star?c~ studymng 
th~ automobmle tngmno ena the fu~l rtlatmonsh~p thereto w~s 
th~ questmon Jhst ms the ±emperatu~e of the gsses ~en thms 
explosmon trkss pisce9 Th~ tezt books ~mll t~ll you about 
2600 or 2700 degrees F. ge knew mt ~ss hmgher than that~ 
rnd we dmd not have to do much mnstrumentstzon because you 
could tokes small pmece of tungsten wmre about the slze of 
a hsmr and put mt d~m mn ~hcre snd after obout thlee 
3xplosmons zt ~ ould be gone. One of the fello~s sazd 
"That ~e ms too dtlmcate - mL bresks mn that e~plosmon.. 
~e took mt out and put mt unle~ s mmcroscope end found that 
mt v~ss not broken st all. ~T~ut a coupl~ of rtserrch men 
on the job snd mn smx yesrs (mr took them smxytsrs to do 
tbms oob) they fmnslly d~veloped s method of mersurmng the 
actual ttmperstures of the gas st ~ny p!~ce mn the combustmon 
cycle. ~ do mt ~mth thc so-celled spectroscope. That ms~ 
mf you hav~ s light shmnmng into s spectroscope and look on 

pl~te mt wmll sh~ certsmn !mnes. Tha~ ms d~st ms called 
an ~m±ssmon t2pc of spectrum. If you tcke tl~ms same gss rnd 
shmn~ a izght through mt you m!l fmnd zn your spectroscope 
that ~ere you used to h v~ brmght imn~s when th~ cas was 
burnmng you no~ have b]sck imnes. You sec~ ~f the gss ms 
lummnoas ±t g~ves off brmght l~nes~ but mf you poss a Imght 
through the g~s ~hen mt ms not ournmng zt gmv~s black imnes. 
In other ~ords~ zt absorbs the same kmnd of Imght that mt 
groves out. If you bslance the ±empersture of the gas that ms 
burnmng agsmust the t~p~rature of an outside source so that 
mt ms on s bslance between bemng s brmght irene spectrum and 
s blsck Imrc spectrum the outsmde temper~ture ~ nd the mnszde 
temp~cturo are th~ saree. Constqucntly~ ~rc ~¢~re rble to 
get sn outsmde source ~e~e we could g~t m~strumenta?mon to 
measure the ttmptr~ture nd check mt ~mth ~hat ms mnsmde the 
cyl~ndero 

It took us smx ytrrs to do bhat job end mort ms ~at 
wb found For sn ordmrary gssolmn~ ongmno th~ temperature 
of the g~s jots up to about four thousend degrees F. - ~mch 
~c r terr±blc dmffcrence - end ~o~ mt ms d~tonatlng zt ms 
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up around forty-four or forty-fmve hundred degrees~ Je got 

a Dump from t renty-seven hundred degrees mn theory up to 
forty-four hundred, lhen some of these ~hmnos go to the fourth 
po, er of the variable you can see you ~ oul~ he sl~ghtly off 
mn percentage mf you too} thms io rer f_gvre. After }~e got thms 
motmon pmcture of studymng the eombustmon ~e begsn to see a 
lot of throngs and we are gomng to be able to contrmbuve very 
valuable mnformatmon to our engmne desmgners and to the fuel 
pe eple. 

The ]~ock you l eaJ ms absolutely a Imock mn ~rhmch 
the hsnm'~ rs are rothmng but gas i olecules. They have to be 
moCmng pletty ~ast to ~l~' e a ~ ~c ~ j ~nd they @o rove fast. 
re hsve been ~ble ~ymth theoe mormon p~ctures to actually 
re-sure the ve]oc±ty of ga~ movement. All the br±ght throngs 
e do ~e st~uuble on to. /hen ,re stsrt out to do sometbmng re 

usu~71y s~oe so sermous n~nced snO so technmcal on ohe throng 
ths o ~f mt ~ ere not for st~abllnc on to somethmng ~e would 
not get mt at all. ,hat hcppened as trams" One day ~re 
~ere ~u1~n~rg thms engmne and Dust across the hail the boys 
~ere t~dmn ~ out an expermnental salt spray for testmnc corrosmon 
o± one ~hm~ ~ or another~ ~nd all the pmcLures ~ e got that day 
h~d strcm ~ smn ~hem ~h~ had happened ras thaD a Imttle brat 
o! the @rj sslt hsd come ocross the alley and gotten mnto the 
amr mnO~Le~ lu d become l~aumn~scent~ or very brmghtly mllm mnaDed~ 
and d~r~ g the tmre of eyposure that imttle lu~mnous partmcle 
h~d oved so f~r on ~he nlate - zt had moved thst far mn that 
l~noth of ~mme. ~ii ~e m~O to do ~as put a pa±r of calmpers 
on mt nd put mt on a rule and ,~e l-ne~ what that actually meant 
to lhe er~mne, ~e broaght these pmctu~es up to the same smze 
~s the co~]u~tmon chenber o nd then ~e coulc~ say "In that 
len~ ?h ol ~mne Dl~at throng moved that far." lell~ mt ~ ss not 
dmflmcu!t ~o get the v~locmty. ,~e dmd not use selt after that - 
~e u~ed lend blac~-~ the ~rtmcles of ~hmch glo~ Those velocmtmes 
oet up very hmgh. Durmng detonatmon~ one of those hard ha~er 
blo~rs~ the g~s velocmty gets up around one hundred fmfty to two 
hundred m~les a pmnute - enormous velocmty - and has s temperature 
of ~round four or fmve thoussnd degrees. You may talk about the 
hot ~rmn@s of Kon~as but these are very much worse, then you 
beoLn to see those throngs you say. "No ,~onder th~s engmne knocks 
,~m~h condmtmons imL~ that mn the cy~mn~er." 

That I at telllng jou t~ms s?o~j for ms that I do not 
~,ra~t you Do thmmk of buymng a motor vehlcle at any tmme for any 
kand of serv!~e ~ ithout ~hmn I rang at the same tmme about ~hat 
you ~e ~omng to run mt ~mth, I do not care ~That you ~ant to 
run ~t ~mth ~s long as ~c kno~r ~hat mt ms. ~hat ms~ mf you 



want to run this vehicle on the l~¢est grade of gaso]mne madej 
mt ms OK~ but here ms what you pay for it. If this notor ms 
a hundred horse-p~rer on a normal ratlng and you want to use 
thms low grade of gasolmne you have to accept about %renty to 
~renty-f~ve per cent reduction in horsep~rer. It will run just 
as weal but vhis ms the price you pay. If you have a place 
where that servmce is necessary all you need to do is to get 
a n~¢ set of pm~tons and reduce t~ compression and the thmng 
wmll run all rnght. !f you are going to make a very long flmght 
by amr. mn ~%mch you have to be very careful about the amount 
of fuel you use~ you rant to use the hlghest compression type 
of engine you can get end a fuel that can stand that hmgh 
compressmon. Your fuel economy jumps from about a pound of fuel 
pe~ horsepower hour on this very poor grade of gasoline mn the 
io~ compressmon engine to a imttle under four-tenths of a 
pound of fuel per horsepower hour on the hmgh compress!on 
englne. ~mth the best gasoline and the highest compression 
engine, you wmll use about forty per cent of the amount of 
fuel per horseporer hour that ~ml] be consmned usmng the 
p~erest fuel that you can get commercially. Those ~o thmngs 
have to go together~ and I th!nk it ms the most important smngle 
t~mng that ~ need to keep mn mmnd mn fmgurlng motor transport, 
If you design the engine to use a higher grade of gasoline than 
you are able to obtain~ you ale Imke!y to damage thmngs very 
much more than mf you knew it ~n advance and had the engines 
made for the lo~er grade fuel. Of course, that means only 
another type of pmston. You usually change these comnressmon 
ratios by the pistons. 

That briefly is our story. If you can use standard 
stuff the price ms ~ay dov~m~if mt ms a hand-made job, you hove 
to pay a hmgher prmce for mt. Consequently, if you can use 
standardmzedunits~ whether it is in lls entmrety or in part~ 
that is the thmng to do, but in no case should you flgure on 
any kmnd of mnternal combustion engines, emther D!esei or 
gaso!ine~ v~thout taking mnto consmderatmon the ~e of fuel 
that ms gomng to be avamlable at that tmme and for that purpose. 
In some cases mt ms very uuch better to make the vehmcle adapted 
fo~ a lorer grade of fuel than ~ou fmgu~e on because you wmll 
not ~et caught mf you get a better grade of fuel but you mmght 
get mnLo sermous dmfficultywmth a worse grade. 

That brmefly ms the sto~j of the mnternal combustmon 
engmne and mts relatlonshmp to the development of p~er in 
transport. It ms not as complmcated as many people thmnk. It 
has taken us a long time to get this very smmple t~ing that I 
have told you of this mornmng - it has taken years. It is like 
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dmg~mng a sto~e out of the mud. You let mt out and it ms all 
covered ~th mud. You say "The ~tone ms there," and you 
~asn mb elf wroth a hose and finally you have to get down and 
scrub it }~mth a brush~ and you say "That ms a very mnterestmng 
stone." It ~as al~{ays an ~ntercst~ng stone~ th~ throng ~s ~bat 
it wao covcred up ~mtb had. A gr~at man~ thi~g~ ~c have dug 
out mn the rcs{~rch ~boratory everybody knew were bhere~ they 
could probe do~m and hlt tnem~ but zt has taken a long t~e 
to ~ssh then up and get all the dlrt off them. ~hen that ms 
done we say "Very simple;" ~e have a rmtto in our laboratory 
which re~ds: "A problem thozoughly understood ms al~ays 
fairly s~mple." Lye,.one tha~ ~,e have ever solved has been. 
They all ~ orl- out. 

i am golng to tell you fe!]o rs just one Imttle 
~escarch story. Perhaps some of you bare heerd it. If you 
have~ please excuse me for telling mr. It ms the best one I 
kn~r of concerning the type of resmsience you fello~Ts are 
going to roeet on vh~ outslde. You kno~ thatv?nen you ask a 
fello} to do ~omethmng l~e has not becn used to do~_ng he cannot 
do it Tlis happened a good m~ny years ago. I could see the 
closet oody commng, and I said "~y beavens; ,[e cannot take 
thmrty-fT_ve days to flnmsh those bodies." Cadmllac ~ras takmng 
th~rty-fJve days ~nd Bulck ~as taking seventeen c~ays - those 
aru about the prices of the cars~ thirty-Prove hundred and 
seventeen hundred. I said "If j ou arc going to make a 
thousond cars a day that would mean seventeen thoussnd bodies 
you vould h~ve in vhc p%mnt shop ~t one tmme~ and you ~ould 
never fei any of them out~ ~ztbout ~cratoh~ng them up. ~e 
ought 5o s~c if ~rc cannot shorten up thJ.s parent tlme." So 
I did a perfectly normal throng. I got the beet parent experts 
±n the co~untry and the best pamnters ant chemists~ ~nd ~e 
h~c a l~tole meetmng. I said " je Lave to reduce thls tmme~ 
~hat can ~e do~" ~ell~ they ~iio~ after thinking ~t over~ 
that ±he2 m_ght get that tl mrty-fmve d~ys do a~ to tLmrty-three 
and +h~ cvcntuen days do~aa to about s~:teen. ! said "That 
~sn't h~ipzng any. ~e have to get a~ ay do~m." 
T]~cy oa~c "Ho~ long do you thlnk it ought to take to paint 
an au~onobile~,' "I ~ould llk~ to paint it In an hour." 
I vocld not want ~t to Co on record as to ~h~t they samd about me. 
~o~vcr~ I sema "~hy can't you pa-~nt it in an bourn" 
fheg ~eplmcd "The pain% ~ill not dry." 
i said "My God; Can't you do sonetblng to hurry iT up a 
llttle blt~" 
" o ~vc b~cn ~orkmng at that for y<urs an~ :~ou cannot do anything 
to h~sto~, the dry~.ng el pa~nt~" they ~ rod. 
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~le fussed around all day and when ~re ~r~re going out to lunch 
one £ell~J said "I think ~ e put that guy back in the corner 
~,here he is going to st%y for a ~hile." 

He ~ever~ I still h~d my problem and putting me back in the 
corner did not do any good. I ~,es ,Talking do~m Fi£th Avenue 
on~ day leeching in the ~rindows as a country boy usually does 
and I saw some pin t~ays in one o£ the rindo~So So I w~nt in 
and bought a seventy-flve cent pmn tray for t~rGlve dollars. 
That is about the ~ray zt wasj but it has some now kind o£ 
lacquer on it. I asl-ed ~he fe!lo~r ~rhat it ~ras, and he sa!d 
"Sor,e new kind of lacquer." 
I said " fi~ere did you let its', 

He referred me to the house ~rherc he got those o±n trays. 
I ,~ent there and finally found that this lacquer ~ as made over 
in a lit\l~ place in N~r Jersey, I ~ont over th~r~ the ne~t 
aay and found the £~Iio r ~,ho made th~ lacquer back mn the shed, 
I said "I want to ~t a quart of ~ha~ stuff." 

He said "I~ly Godl I n~ver made a quart at one time. What do 
you rent to do with a quart of its" 

"I ~ant to try ~o paint ~n automobile door ,' 
You could never do it in tha ~rorld." 
,,~q~y~ ,, 

"It dries too dam~ lest. You pu~ t ~ at in a spray gun snd 
it ~Ii never get to the door~ it ~iil dry up and blow a ray.,, 
I said "Can't you do anything to slow ~bst do~m~" 
"Not a damn thing.,~ 

,ell, th re i h~d on one side one psint that dried too fast 
and wc could not do any+hing to slow it do~a~ and on the 
other side one that dried too s!o fly ar.d ~e could not do 
anything to speed m% up, I did not think nature ~ as going 
to play a dirty trick like that~ so I started to study those 
two things and ~re finally got those very r~pid-drylng lacquers, 

The finale of t st story is this A p2int man~ one 
of the fcllows who hsd been in my ol igi1~ai conforenco~ came in 
to see mc one day, Someone had sJnt mc one of these color 
c~rds (You havc scen them) ~ith all the different pennis of 
color on it~ end i had oponcd it out on ~hc desk and it ,~as 
lying tbero ~d~en this fellow cs~e in. He had driven do~m to 
the leboratory (our Isboratory ,,as then in Dsyton - before 
~e ~loved to Detroit). I said- "If you ~ore having your car 
repainzed~ ~hich one of these colors ~ould you prcfer$,, Ilc 
picl'ed out a color, tfe s~t in theoffice for quite some t~ne. 
Tbc laboratory ~Jas about six or seven mil< s south of Dayton so 
~re drovc up to Dayton for lunch. Je come bacl-~ ~nd finally he 
pullud out his retch and said "I have to be going - but 
where is my carS,, 
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I sid "Thrt is your c~r rmght thure. Isn't that the color 
you anted it palnoed ~'' 
~mlc ~ hod gone to lunch hc hod been graven a rapsm~t Gob. 
~c ,~ro not so frr off st guussmng zt st on hour - and bhat was 
e shot in oi~ drrk. 

~h~r_ ere a lot of t~N_ngs you can do in this world 
m£ ~ou 1 no~ ~hat yo~ h~vu to do and hove some tame to do mr. 
I thmli( thrt ms r gTand thing ~boub your organization. You 
hcv~ ~ little chance bufore the emergency hapo~ns to p!rn ~rhat 
y u n~ed~ ~nd you can sat do~a~ and onaly~e vho thing. I could 
pr. ty n. xly s"y to you that mt does not n~ke any difference 
ho~ s%rcn~ oonu of  thcs~ t~mn~s ~Ic which you ray h~vo to have. 
If . ou r~ gmv~n a imbt!c tmme~ ~mth proper und~rstrndmng rnd 
coop r~t~on~ it can bu ,forked out. How~ver~ that ms one 
thing .c must do~ wc f~llo rs must n~t you ~d you fcllo~rs must 
m~t us. f~ must gut together so bhe mndustr mlmsts will not 
thank ,,mh~o~ Ar~v, ~li~su Navy~ rnd th~se l~Iormne f~llows ore 
p~culm r guy~ ~ron't they'" end you f~llo ~s ~mll not say 
'%[y Ood~ T~o~ industramlmsts ore o bunch of berdbomlcd eggs." 
~ i~ oath II rmght in our pl co; but uach f~llow does not 
s~ ~h-t th~ other f~l!ow~s place ms° If re c n Dust got 
tog~th~r -nd ~nrlyzc these smtuatmons so wc c~n see ~hat it ms 
rli ~oout~ tncn you wall not think w~ ar~ so pccu!pr e~d 

rail at thm~i< you sr~ so p~culmcr. 

You h~ve @~se spocmal 0obs to do. ~on you get 
mnto ~ scr~p you h_ve to h ve right no r the thing that ms the 
b.st to us~ end I think bhms study that you rl~ mck±ng h~re 
of trying to fi~d out th~ rc!atmonshmp b~tr~cn n tmonzl defense 
~nd zncustrg ms on~ of the most constructmvo tumngs thab I have 
~v~r s~n done~ end I d ~m it s gr~ot honor to hove the 
opnor~m~ity %o talk to you thms mornm~g. 

Colonel Jord-n Mr. Kutt~ring would bc very g~ed to 
ans~ er an~ questmons from the Class. There ms one nan mn the 
Air Corps the c~m ~ into IV off±co yesterday and asked me something 
soout high octane fuel. i ,oa!d }mke hmn to oet on his feet 
and ask [he same question agazn; because ~fr. Kettermrg ms laying 
for him. 

Q. gl!l thele be any probable supply of high octane 
gas in an ~mcrgency~ 

A. I cannot ans~ er thet~ not being in the fuel business. 
Ho,ever~ I ,rill 3ast sho~ you what thms octane throng ms. 



Theoretmcally, mt should be no more dmffmcult to make a high 
octane n~er than a lo,r octane number~ rnd wl thout gettmng 
mnto the dctsmls of the throng I ~iI sh~ you ~&at the normal 
fuel ms e~d wh~t a smmple thing causes thms octane number. 
Don't &et frmghtened beceuse there are some chemmcal formulas 
mnvolved~ because they a~e no dmfferent than the number of 
rungs mn the back of a chair. Practmcally all the fuels we 
use are ~mde up of carbon and hydrogen~ and the s~mplest 
combmnatmon we have ms one carbon and four hydrogens. Thmt ±s 
ca!le~ met~mne gas. N~r~e put mn ~o carbons, or three~ o~ 
four~ etc.~ end there wmll be ~ hudrogen on each smde of each 
carbon because you have to have four o£ these imttle imnes 
to each one of the c~rbons. ~en we get to seven~ that ~s 
called "heptane~,, which ms gust an obscure way of saymng 
seven. Scmence ms~ or at least ~e hrve aver T- good mdea ~t 
ms~ somethmng not ~erywell understood~ because as soon as 
~e do understand zt we say "Ny God~ That ms smmple." The 
names of these compounds are snother way of countmng; an 
obscure way of saymng "four~ fmve; s~x, seven;" and mf I 
put another one on here you }~ould have "octanes" or cmght. 
Those~ }~ben they ore all mn a ro~ Imke that~ are called 
"stramght-chamn,, compounr]s. I± ms s v~r F mnter~stmng 
thmng that the longer ~he chamn Imke that; the ~orse mt knocks. 
Here ms sn cmght carbon mtem that you cannot use for fuel at 
all. 

N~ mf you bake exactly those same carbons and 
hyQrogens - mt comes out exactly the same~ that ms, mt ms 
octa~e too, but thms one you can hardly make knock at all. 
In oiher ~ords~ that ms a hundred octane number. It ms just 
a rearrangement~ and zs purely mechanmcal. Thms vrhole questmon 
of octsne number ms the mechanmcs of molecul~s of fuel. ~fny 
there ~as so much dmffmculty ~ras because everybody was trymng 
to thmnk of mt mn terms of chemmstry~hen these molecules are 
oust as much machmnes as the engmne m~sel£° The blg contrm- 
butmon ~,e made to the ~ole story ~ras ~hen we showed the boys 
that mt wasn't the questmon of gravmty or a question of anythmng 
but the way mn ~¢hmch Q~ms stuff was put together. A smng!e Imne 
behreen atoms ms what they call a smngle bond. Funny thmngs 
happen. If you were be rub elf one of these £ell~s and put a 
douole bond zn~ and then you rub another one off, thmngs happen 
fast. That may make the fuel better~ or mt may mske mt ~orse, 

L~tls see ~t ~e are d~almng v~th. Thms ms all 
elementary mechanmcso Thmnk of these imnes as belng Imtt!e 
sprmngs between solmd balls. If ~ shook the model at the 
rlght frequency mt ~ould vmbrate -- not unlmke a brmdge ~th 



a dog trottmng across st a certamn rote. If you grouped mt 
up mn onother m~nncr and had the dog 3umP on mt~ mt ~ould not 
sha~e at all. It ms purely a qucstmor of what ~e call the 
synchronous or resonance frequency. The pomnt I am makmng 
ms th~ mt sho~!d not be any more dmffmcult ±o m~ke one 
tel cuia than anothor~ but the Pennsylvanm~ deep sand ~ells 
sutom~t~cclly g~ve th~s an~ some of the shallo~ wells g~ve 
that~ snd ~e ore oust m~ the process of learnmng how to take 
~ny on~ of thcs~ throngs end transiorm mt owr ante the kmnd 
of throng w~ ~ant~ Then mf ~e soy ~h~t s s of ~ oert~mn tame 
wc went one hundred or on~ hundred t~on~y octane fuel mn 
quantztmcs such snd such de] mw ~ed at such and such place 
thc~ ms c chance of gettmng mr. Ho~,evcr~ thms ms an ontmrcly 
n~ concept~ cn ~nt~r~ly nc~ bus~ness~ to change these molecules 
sround. ,~e kno~ ho}~ to dmstmll ~hem elf and mcke gssolmne~ 
but how to chonge one form mnto another form ms qumte a trmck. 

The ~sy the octcne number of c fucl ms gotten ms 
t1~zs They tcke octsne ~nd they tak~ the seven c~rbon stem 
heptan~ ,bach ms ~ bad knoc~er~ end max thos~ ~ t~ro together. 
In oth~,r ~Jerds, pcr c~nts oi the stramght hcp~sne, or seven 
cerbon stom~ arc ~m~-~-~ ~mth per c~nts of octane. The one 
hundred octsne nunber ms pure octane~ th~ zero octane number 
would b~ the n~ptane pu±~e. Th~oretmcally you could not go 
cbove on~ hundred octsn~ n~ub~r~ but ~re hove c lot of matermals 
th t ore l~ss imkcly to knock ~ven than pure octane st very~ 
v~ry hmgh compression. Jc ore 3ust gettmng our oml chemmsts 
end our o~i physlclsts %o rcalmzc ~hst can be done ~mth these 
fu~is by 3ust shzftmng the shape around. ~e have gon~ ante 
th~ questmon of ho~7 efi~ctmve ms lead tetraethyl ~ben you add 
mt to on~ of thcs~ thmngs~ and mt ms perfectly marvcloas 
hot con baop~n. A cubmc centmm1~ter of Iced per gallon wall 

rsmsc the octane number of one fuel by so much. You must not 
be surprmsed ~hen you add th~ ssmc amount to cnothcr fu~l 
if you h~v~ cs much as ~en tames dmf~rence. Nny~ I hovcn~t 
th~ slmght~st md~a~ but ~e know that ms th cose. Je r~ 
smmply j~mblmng no~ ~nd ~rorkmng wmth the scmence of molecules~ 
tr~tmng them ~s moohmnes or ~s thmngs thct vmbrate. I should 
s~y thst If s d~nd ~rc cr~ted mt would not tope them long 
to farnmsh thms hundred oct~n~ number mn carlots for t~enty 
c~nts s gallon. They somd they could not poosmbly make mt 
for Iss then s dollcr a gallon. That ~as all rmght~ a dollar 
c go]ion ~ss cheap~ but ~th ccr~mn refmnmng processes and 
chcncmng rround mt cs~e out thst they ~re able to do bhat. 
As a m~mt~ons p~oposmtmon~ you could bc ssfemn m%kmng 
c~rt~mn types of spp ~atus dust ss you mck~ c~rtamn bores for 
s~ns ~h~t shoot ccrtsmn types of a~uunmtzon~ mf mt ~cs an 
~conommcclly dcsmrable thmng ~o do. It does nov pay to go 
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much above one hundred %~enty because the effmcmency curve 
of an engmne falls off - that ms~ a ~en and one-half to one 
compression ratmo~ ~h±ch ~ mll get you about ,$7 to .4 poun0s 
of fuel per horsepower hour~ ms about the maxmmum yea can 
hope to get. 

O. In a }mr emergency when mt mmght be necessary 
to change some of the automotmve plants to the manufacture 
of aeroplane engmnes~ approxmmately holy long woulo mt take %o 
make that conversmon~ 

A. That would depend altogether on the demand rste, 
For instance~ mr you came to tie Cad~!!ac Motor Car Company (~nd 
I am cmtmng them because they rmke three dmfferent smzes of 
engmnes~ emght~ ~ive~ and smxteen cylzndersj and trey are not 
tooled up mn the same way as Chevrol~t) mt would depend altogether 
on the demand rate. There are certaTn types of tools whmch take 
~bout so long to make and if you used the whole twenty-four 
hours e day and put three crews of men on mt~ mt would take so 
long to get that tool~ You could start out by makmng by he~ 
certamn el the long-tmme parts. If you took one of these 
ra@mal englnes ( and I do not knm~hat the long-tmme part on~ 
theft ms~ whether mt ms cy!mnder~ crenkshaft~ or crankcase) 
your ~,bole tmmc problem ~fou!d be how ~any do you ~ant~ Su~ose 
we ~antea to tool up for sometlmng and suppose w~ took a htmdred 
a ~ay ss a mmnmmum at ~rhmch to start~ mt ~ould te~e~ i should say~ 
on an o~rgency basms three or four months to start turnmng out 
engmn~s, The fmrst day ~ ran you ~ould not get many but you 
could begmn to expect the fmrst engmne to be put together from 
the tools mn three to four months' tmme. That ~s ~ust my guess. 
Of course~ ml you put thst up to a tool maker he ~uld say° 
"You ere crszy/, because he ms thz~-mng of the thmng as not 
bomng an ~mergency. He would ~nt at least smx months to nmne 
months to tool that ~ob. Nevertheless~ I thmnk you could get 
mt d~a~ to sbout three or four months. 

Q. Nr. Kottermrg~ your very szmpl~ Gxpianatmon of 
the octon¢ fuel sugiests another questmon about b~armng matermals 
~ have th~ t!n bearmngs snd from our pomnt of vm~ the posmtmon 
of tmn mskes mt a problem. On the other hand~ ~re bsve the copper- 
icsd bearmngs and they havb b~en largely designated for use mn 
amrcrsft engmn~s° [e dmscover that although lead and copper 
ar~ very e%sml~ obtslned thst the ~er of m~xmng them ms 
another problcm~ and as a matter of fact one of the General 
No'ors sub~mdmsrmes, as 7 und~rstond !t ~s the only ~cc~ssfu! 
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producer of thms type of be~rmngs, so ~ o really have a smnglo 
C O U  ~ S O ~  

A, I should say thot mn on emcrgenc~ that could b~ 
broadened v~ry qumckly. You touched on one o~ the other pomnts 
of ~ho ~ulomotmve engmno - lubrmcatmon- and~ mf mt does nob 
bor~ youj I sho~ll$ Im]~ to tell y~u a lubrmcst~on story. Ue 
got ante the hablt of Icclmng o~!s and balkmng about vmscosmty, 
~tc.~ nd I srm~ "I do not bclm~ve that ms all there ms to 
oral." le hse ~n ,~xpe~once~ caused by a £rmene!y conversatmon 
up mn Csnada about fmve or smx ye~rs ~go. Two fello~s drmvmng 
dc~m the road stopned snd talkca to each other oust after the 
sno h d be~n plo~ed ofi the roed~ so that on~ ~heel of c%ch 
automobmle ~s stan~mng mn bho snow,draft. Jhon they got 
through talkmng ~aeh fcllo~r storied has csr and spun the 
~,he, is on the sno~. After spmnnmng the vhccls on the snow for 

t~n3 ihey got out - no chains on - rnd found that somcthmng 
we~ ~nong wroth thomr axles. Tbcy hr@ spun the ~,heels untml 
%h~y ~d stuck up the dmff~rcntlal g~ars. They cam~ do~m and 
rskcd ~ hat they shoulo do about mr. ~e dmd not ~,ant to brcrk 
exl~s~ so ro bumlt up o imtvle meehm~e~ a testmng fmzturo~ and 
~e fecund tn~t ~re could gave them a bushmng that tbcy could slap 
mn tho~o g~rs very ~smly end svomd thms ±rouble. It was not 
h~p~nmn~ very often, ,r~ hod only a fc ~ cases a vcer~ but oust 
enough zo b~ oolhersome. I samd " fhy eon't we turn ~round 
snd ~ ~ro~ch tams oral busmn~ss exactly ~hc other ~ray~ H~re ms 
th~ csump~mon t ~ms oral t~s~,_ng ~rchmac ms a @angerous thmng~ 
mt ms mn zho h rids of your enemy and ha can km!l you ~rmth mr. 
The only ?hang the geme ms gomng to allot you to do ms to 
sup ly ihe lubrmcont. You brve to pzck out the ~rorst thmng 
on °~th that you can thank of to lubrzcatc that machine ~lh 
so mt ~ rail not work° ~hat sro yet gomng to use~" Thmnkmng 
about vmscosmty, ~e dccmded to get the thmnnest dorn stuff 
~ co~id. After much thmn~mng lhe boys decmded that chloroethyl 
ctbcr ~s the stuff, because that was so thmn mt ~v-porated 
r~pmdly° I~ trmed to pour that mn the bcermng~ but ~o could 
not us~ mt because ss soon ~ ±he b~rmng armed up mt bl~ away. 
~ fm~liy s~t a copn~r tube ~n the normal oral p!sc~ and scro~ed 
t] is con o£ ether on thoro~ and then by l~ymng a worm to~el 
or r~g on mt that would ov~porato end push the stuff do~,n ante 
the o~ r~ng. It ~ould not go mn there as a Imqumd at all. Ire 
b~.gu'n bettmng ss to how much presstuoe ohar~ ~os on that~ smx 
thoasrnd poupd~ p~r square ~nch pro3~ctod ares bcmng about 
h~t our best lubrmcetmng oral } ouid ~,old on the testmng mschzne 

b"for~ mt rou!d stack up. Th~ boys st~ted out by puttmng 
fmfty ~)ounls, th~n a hundred pounds, tben a Imttle more ~nd a 
i ttle more and fmnaliy ~e ~en out of ~romghts at %hmrty 
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thousand pounds - a perfectly dry gas lubrlcsted bearing. 
Later on we ~er~ perfectly able to actually extrude the 
hsrdened short by getting some more ~eights on therc ~rithout 
sticking up. That kind of ~rsshcd the viscosity thing out of 
th~ olcturc slthough viscos[ty is stml! an mmportent factor 
in e lot of lubrlc~tion. There ~ ~ mcterial known ss extreme 
pressure lubricant~ ~rhlch ~rc are using today in prcctlcclly 
sll rcsr sx3es and such pl~ces~ snd it is different from 
viscosity lubricotion. The oil for~us a ~reck chemmcsl compound 
urith one pc~t of thct b.sring. Viscosity is nothing but the 
cttr~ction of one molecule of thct mctorisl for cnother of the 
szme kind~ end if you put that in bet~cen g~ro plotes snd put 
a pressure on it end the prcssure gets higi~er thsn thct normcl 
sttr~ction it ~ri!] shove the stuff out. If you form a ~,cak 
compound ,~ith the motel, ho~rever~ it con be four or five tim~s 
cs strong~ b~csas~ you hcve the chemic~l bond bctween the 
lubr~cent ~nd part of the bcurlng instecd of 3ust the solution 
pressure bet~eon t~ro pc~ts of the some tyoc of mct~ricl. 

~Inen ~ro come to tbls beefing questmon~ of course the 
bucring ond the lubricant go tog~th~r~ Io ~Jant to get rid of 
tin for cn cntirely different recson thsn you ffcilo rs do. As 
you ~e running your engines faster the bearing pressures are 
higher end t~n rczehes ~ limit at ~rhlch ~t pounds out. The 
~ray ~rc hove gotten round that so fsr is by these now bearing 
m~terlais nd by cutting do~ the thickness of the babblt so 
thct it does not flo~ sidc~ ~ys~ Thc coppur-lead burring is a 
vcr~j p~cullsr mlxturc of copper snd lesdj vhich hos some 
adwntc~cs snd some disadvantages. You cermet burn one of the 
things out~ you cannot hsr~ucr thum out - some el them crack - 
but there is c difficulty in th, t certcln l~inds o£ lubrl- 
coting oils~ zftcr they hsve beer used ffor e while~ become 
slightly scid end that dissolvcs thc Iced out of that bearing 
end ~II you hsve loft is e coppe~ sponge, fe heve had some 
trouble with thor. Ho~rcver, I think ~ c con solvc the oroblcm. 
i think the lubrmcatlng ell fello~vs are putting oxidotlon 
inhibitors in their oil~ ~hich prevcnts thct ccid from 
forming snd conscquently your b~erings do not dissolvc away. 
Coppcr-lc~ b~crings h~vo c tendency to sc~ tch. By the 
bime ~re got nether ~i~r I think we ~rill hsve h~rdoned 
crmiksn~fos so thct ~rill be out of the picture. Somu of 
the e nc~r m~thods of h~rdening shafts locally crc developed 
to ~ very hmgh degree. The Ohio Cranksh ft Compcny ~ t 
Clevelsnd hcvc s furncce ~rhich hcots the surface of the sh~ft 
by inductmon~ squirts rotor on it~ ~nd comoletesthe hardening 
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oporet~ons mn about t~n seconds. It looks as though ~m ore 
gom~g to be able to T~t ~ts~tcd to pl~y ~mth thzs~ but mt 
zli t ~ s imttle tzme to get our hends znto ~t. I expect 

hcrden d snofts~ ~sp~cmally mn amrcraft° I thmnk you are 
using hsrdoncd shafts th~ r~ n~ msybe not gloss hord~ but 

they ~c p forty ha~d° 

In rcgord to the making of cop~or-l~sd b<or~ngs~ thet 
techn~qu< ns~ b~cu devclop~d to ~hc poznt todey so that you could 
almost owr nz~ht t~och ~notho~ fol!o~ ~ ho~ to do the Dob. The 
on~ mnpo~t~nt ~rmck mn zt ms thms Th~r~ °~o hm thmngs mna 
copf~r-L.~d b<orzng~ on~ zs th~ copD<r nd iocd end the other 
ms the ~oy mt crys~allmz~ s. Thc ~ey ~e me~e o~r bc~rmngs 
~xmcrmn~ntolly - i do not kno~z ho~ they rc ~oI zng ~hem mn the 
factory - z ~ to ta~ o o l~ttle pen o~d pour mn thms mclted alloy 
of i~ d nd copper to czystollmz~ v~ry~ v~ry sharp crystals 
under cc~tPmn ~empcr~tur~ control. You r~nt those c~gst~Is to 
oil ~,~nd up so that ~h~n your b~ormng ms roll~d up you have all 
th~se Izt~io f~llo s stoIdm~g on ~ndo Thor rm~l meke a v~ry~ 
~ry fmn~ becrmng~ but m£ you hav~ the, lymng do~m on the smdc 
zt ,~\I ~ no cood at ~ \i - oust i~ soldmers stcnd~ng up end 
] F~ ¢~u~. That ms one thmng yo~ ~rzll not n~d to ~mrry cbout 
b cau.~ I em sure befor~ you coul@ g~t ~n mncrease mn ~ngmnes 
C cou]d '~" "~ ,~ four or fzvc f I±o ~s to ms] e those ocazmngs for 

you. Thzs questmon of b~arzngs end lubrzc tmon ms 3ust es 
z~ort nt s the fuels ~nd th~ ~ngzn~s. I kno~ ~he o~! fello~s 
can ~ ~e e).r~ o£ the orals srd ,re could get you ~any sources of 
supply r th r qumokly on thms. 

O. ],I~y i ~sk~ smr~ an ~xplonatzon. Industry ms 
v~te!ly z~t~r,st,~d ~n natzonel d~fense~ ~d you create and 
scrop r~ ny machzn~ bool~ each yePr. Do you ~ver gz~e o~y 
consLdcrct±on cs to ,~h~th~r or not the tools, before you scrsp 
th m~ mzght bc uscd for th~ monufscturc of other munmt~ons~ 

A. The type of ~mchmnes thct ore scranfed normo!ly 
ore very spccmol mechzn~s. They zre not ony good for anythmng. 
Ho~{cver~ ~r~ have ~ n< t~od of passzng those l~-chmncs on dram the 
lln<. For inslsnco~ ~e ~etoo]~d our l~boretory completely 
I st ys~r ~nd put mn th~ vo~£ l~[~st ucch±rcry. [~ had a lot 
o~ good T schmn~ry th~r< but the nechanmc~l equmprent mn a 
Iobor~toI~j iz~'~ ours ms ~rr~bly l~por~snt because ~o re 
al ~ys trymng to do the nJxt thmng. Thcoretzcally; ~re scrapped 
our old 1~ochlnery~ but mt ~ss not octuelly scrspped. Here ms 
the ~oy ~o £ollo~md the9 throng through For mnstance~ a mmllmn6 
nochmno ~r nt to tb ~scd mschmnery d<alor, rc send "Foll~ ~ 
that for us~ ~mll you~" The rmchzn~ d~ ~icr sold mt to o follo~ 
~ho azd l~ot need quzto cs gooa ~ m~chzne ~,s ~{e d~d. That 



follo~ mn turn~ took out n o18 m~chmne from bms shop rnd 
psssed zt on do~n to ~ third man. Thins ms the man who 
scrspped hms m2chmne. The standard useful mochmnery ms 
not scrsp~d~ mt szmply replaces ~orso m ch~nory~ rnd the 
throng fmnrlly scra~cd ms thins specma! mechmnery~ c specmal 

jmg or f~xture tha~ ms not ~orth s~vmng becouse mt 3ust clutters 
~p yOU] ~Dlaoe, 

An eoononzst c~e out to se~ us one tmm~ who ~ms 
wrmtmng o p~per on the hmgh cost of mod~l changes mn the auto- 
mobile mndustry, i s~md "It does not cost anythmng to 
chonge mod~is~ mt ms ~n ~conomy or ~o would not do mr. The 
n~ rutomobzle ms ~orth so much more end the people get so much 
better ~ob for the some omount of money that it does not cost 
~nythzng to change." It just hcpoened thr% ~ short tmme before 
thor a sprmnklor head mn my off±co h=d broken end sprryed 
do~a~ on my desk. They hod t~ken my d~sk out to have mt cleoned 
up <nd I ~ss usmng as a desk r tsble that I had used for books. 
Thms fcllo~ ~ as smtt~ng there omd ~hmle we ~cre trlkmng they 
brought my desk mn. ! s~md "Here ms a good example. Hero 
ms thms n~ ~esk commng mn~ end theorctzco]ly I om scrapping 
the tobl~ but actually the toble ms not ~at gets scropped, 
In the lost rn~lysms the thmng that gets scrapped ms r seep box 
thot some osh~m~onan has a tub s~ttmng on." 

Thms portmculor tool that I spok~ obout that ~e troced 
through ms a mml]mng mzchmne. It ~ent owr to a follo~r ~ho 
~s mn the nmnufacturmng busmness. He ms msnufoctur!ng somethmng 
for whmch t~rt ~as o fmne tool. The throng that he scropped 
~ent do~a~ to a fellow mn the junk yord ~rhere it ~ms used for 
cuttmng up m telmal~ s~d mt w%s perfectly good enough for there 
He wanted sometnmng to hold o tool so h~ could go through to 
get the valusble ~arts off~ rnd the throng hc thre~ out ~ss hms 
old ~chmno - tbot went to ±he scrrp h~ap. Thot ms the 
pelfeotly no, mr] flo~ of useful goods but the specmal Imxture 
or jmg mz does not p~v to F~ep - you con mske o n~ one very 
much ~osmcr. 

Colonel Jordon On behalf of the School, rnd I 
kuov~ I an strzzng ~xoct~v ~rt the Student BoOy ~nd the 
Foculzy tbznk~ smr~ ~e are under ~ grc t debt of gr~tmtude 
to 7ou for commng d~a% here and trlkmng to us. 

Dr. Kettermng Thms ms just ss much my busmncss as 
mt ms your busmness~ becsuse you fello~s re gomng to trke 
core of me mf ~c get mnto troub!c, 
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